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Abstract

Purpose As triple-negative breast cancers are associated with earlier recurrences and poorer survival, optimal treatment of
early-stage breast cancer is essential. Several retrospective studies in triple-negative breast cancer have reported conflict-
ing results in overall survival in patients receiving neoadjuvant or adjuvant systemic therapy. This study aims to analyze
outcomes of adjuvant versus neoadjuvant in patients with early-stage triple-negative breast cancer with and without BRCA
germline mutations.

Methods Patients with stage I or II triple-negative breast cancer who had BRCA testing were identified from a prospective
cohort study of 4027 patients. Clinical, demographic, genetic test results, chemotherapy, recurrence, and survival data were
analyzed. Overall survival and disease-free survival were estimated using the Kaplan—-Meier method.

Results 319 patients with stage I and II triple-negative breast cancer who met eligibility criteria were included in the analysis.
187 received adjuvant chemotherapy (58.6%) and 132 received neoadjuvant chemotherapy (41.4%). 135 were BRCA positive
(42.3%) and 184 were BRCA negative (57.7%). There was no significant association between overall survival or disease-
free survival and treatment with neoadjuvant versus adjuvant in the overall cohort. Furthermore, there were no significant
differences between patient subgroups (neoadjuvant BRCA positive, neoadjuvant BRCA negative, adjuvant BRCA positive,
and adjuvant BRCA negative) with respect to either overall survival or disease-free survival.

Conclusions Neoadjuvant versus adjuvant with standard anthracycline- and taxane-containing regimens results in similar
disease-free survival and overall survival among patients with stage I and II triple-negative breast cancer regardless of BRCA
status. Further studies are needed to evaluate whether similar results are observed with newer agents.
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Introduction poorer survival compared to other subtypes of breast cancer

[2]. A significant proportion of patients with triple-negative

Breast cancer remains a significant cause of morbidity and
mortality in the United States. Breast cancer is the second
leading cause of cancer deaths following lung cancer. An
estimated 252,710 new cases of breast cancer were diag-
nosed in 2017 in the United States, with 40,610 estimated
deaths [1]. Of the breast cancer subtypes, triple-negative
breast cancers are associated with earlier recurrences and
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breast cancer are BRCA1/2 mutation carriers, ranging from
10 to 30.8%, with the mutation rate being higher in women
less than 50 years old [3—7]. The prevalence also varies by
race, with higher frequency of BRCA1/2 mutations in breast
cancer patients who are Ashkenazi Jewish (50%), followed
by Caucasian (33.3%), Asian (28.5%), African American
(20.4%), and Hispanic (20%) [6].

As the treatment options for metastatic triple-negative
breast cancer, including those with BRCA mutations, are
limited, optimal treatment of those diagnosed with early-
stage triple-negative breast cancer is important. One treat-
ment consideration for early-stage triple-negative breast
cancer is the initiation of neoadjuvant versus adjuvant
chemotherapy. The National Surgical Adjuvant Breast and
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Bowel Project B-18 (NSABP) was a randomized trial to
compare neoadjuvant and adjuvant chemotherapy in patients
with operable breast cancer [8]. This study found no statisti-
cally significant difference in overall survival between the
two groups. With long follow-up, NSABP Protocol B-18
reported a trend in favor of neoadjuvant chemotherapy in
women younger than age 50 [9]. However, breast cancer
subtypes were not identified in this early study.

There have since been several published retrospective
reviews comparing neoadjuvant with adjuvant chemotherapy
in patients with triple-negative breast cancer which resulted
in conflicting outcomes [10, 11]. One retrospective analysis
of 493 patients found that patients who received adjuvant
chemotherapy had improved survival after controlling for
age, tumor size, nodal status, and stage [10]. Another retro-
spective review of 385 patients with stage I-III breast can-
cer found that patients receiving adjuvant chemotherapy had
improved overall survival compared to patients undergoing
neoadjuvant chemotherapy who had residual disease but not
significantly different for those receiving neoadjuvant ther-
apy with pathological complete response [11]. There was a
trend towards improvement in survival in neoadjuvant group
that achieved a pathological complete response compared to
those who received adjuvant chemotherapy.

Furthermore, while these prior studies examined triple-
negative breast cancer, there have been no studies comparing
neoadjuvant to adjuvant chemotherapy in a cohort with a
significant population of BRCA-positive patients. The aim
of this study was to analyze outcomes, including overall
survival and disease-free survival, of neoadjuvant systemic
therapy and adjuvant systemic therapy in patients with early-
stage triple-negative breast cancer with and without BRCA
germline mutations.

Methods
Patient population

Patients were identified from a prospective cohort study
of 4027 patients followed at UT MD Anderson Cancer
Center (MDACC) who underwent BRCA1/2 genetic testing
between 1997 and 2016. Patients over the age of 18 with
clinical diagnosis of stage IA to stage IIB triple-negative
breast cancer were included in the study. Patients who
received the majority of treatment, including chemotherapy
and surgery, at an outside institution or without documen-
tation of therapy received were excluded. Patients who
received adjuvant endocrine therapy for a second primary
hormone receptor-positive breast cancer were excluded. Ini-
tial staging was reviewed and based on the seventh edition
of the American Joint Committee on Cancer (AJCC) TMN
Staging System for Breast Cancer [12]. Patients without
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initial staging or with tumors greater than 5 cm (T3) were
excluded as practice within the institution is to proceed
with neoadjuvant chemotherapy. Patients with variants of
uncertain significance were analyzed as BRCA non-carri-
ers. Patients receiving both neoadjuvant and adjuvant or no
chemotherapy were excluded from the overall survival and
disease-free survival analysis. Approval was obtained from
the Institutional Review Board at MDACC prior to initiation
of this study.

The analysis of the data included clinical and demo-
graphic data as well as genetic test results, chemotherapy,
recurrence, and survival data.

Pathologic assessment

Pathologic specimens were reviewed by designated breast
pathologists at MDACC. Estrogen receptor and progester-
one receptor status was determined by immunohistochemi-
cal analysis. Nuclear staining > 10% for estrogen receptor
and/or progesterone receptor was considered positive. HER2
positivity was defined as gene amplification on fluores-
cence in situ hybridization with a ratio of 2.0 or 3+ receptor
expression on immunohistochemical analysis.

Treatment

Chemotherapy regimens were reviewed and were grouped as
anthracycline-based regimens and anthracycline-based regi-
mens with a taxane or other regimen. Anthracycline-based
regimens consisted of fluorouracil, epirubicin, and cyclo-
phosphamide; fluorouracil, doxorubicin, and cyclophospha-
mide; or doxorubicin and cyclophosphamide. Anthracycline-
based regimens with a taxane included these regimens with
paclitaxel or docetaxel. Patients receiving chemotherapy
outside these regimens were classified as other. Number of
cycles of chemotherapy was reviewed and documented if
patients completed at least 75% of intended chemotherapy.

Surgical therapy was reviewed and classified as either
partial or total mastectomy. History of adjuvant radiation
therapy was also reviewed and recorded.

Outcome measures and statistical analysis

The primary endpoints of the study were overall survival,
computed from date of breast cancer diagnosis to last fol-
low-up date or death date and disease-free survival, com-
puted from date of breast cancer diagnosis to date of local
recurrence, metastasis or death, whichever occurred first.
Patients who remained alive and without recurrence and/
or metastasis were administratively censored at last follow-
up date. New primary or contralateral breast cancers were
not included as local recurrences. Overall survival and dis-
ease-free survival were estimated using the Kaplan—-Meier
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method and log-rank tests were used to compare groups. Cox
proportional hazards regression analysis was used to model
the association between overall survival and disease-free
survival and covariates of interest. Fisher’s exact test was
used to compare the distribution of patient characteristics
between the subgroups neoadjuvant BRCA positive, neoad-
juvant BRCA negative, adjuvant BRCA positive, and adju-
vant BRCA negative. The nearest neighbor matching method
was used to select pairs of patients treated with neoadjuvant
or adjuvant regimens. All statistical analysis were performed
using R version 3.3.1. All statistical tests used a significance
level of 5%. No adjustments were made for multiple testing.

Results

Three-hundred and nineteen patients with stage I and II
triple-negative breast cancer who met eligibility criteria
were included in the analysis. Patient characteristics are pre-
sented in Table 1. The majority of the patients were less than
50 years old (N = 246, 77.1%) and premenopausal (N = 226,
72.7%) at diagnosis. Most patients were white (N = 198,
62.3%) and had stage II disease (N = 219, 68.7%). Of the
319 patients, 187 received adjuvant chemotherapy (58.6%)
and 132 received neoadjuvant chemotherapy (41.4%). 135
were BRCA positive (42.3%) and 184 were BRCA negative
(57.7%). The majority of the patients received an anthra-
cycline and taxane regimen (N = 235, 73.7%). Of the 319
patients, 309 (96.9%) completed more than 75% of the stand-
ard chemotherapy regimen. 179 (56.5%) received adjuvant
radiation therapy. Approximately half of the patients, 162
(50.8%), underwent total mastectomy, while the remainder
had a partial mastectomy.

Associations between BRCA mutation status, treatment
type, and tumor characteristics are presented in Table 2.
Patients with negative BRCA status and treated with neo-
adjuvant regimes were less likely to have second breast
cancer (0.0%, p values < 0.001) or other cancer (3.6%, p
value < 0.008). Patients were more likely to be treated with
neoadjuvant regimes if they underwent a total mastectomy
(79.2 and 54.8% for BRCA-positive and BRCA-negative sta-
tus, respectively) or with tumor stage of T2 (81.2 and 82.1%
for BRCA-positive and BRCA-negative status, respectively,
p values < 0.001).

The pathological complete response rate for 132 patients
receiving neoadjuvant chemotherapy was 53.8% (71
patients). Of the patients achieving a pathological complete
response, 43 (60.6%) were BRCA negative and 28 (39.4%)
were BRCA positive. The 5-year overall survival and dis-
ease-free probabilities contingent on pathological complete
response are presented in Tables 3 and 4.

The median follow-up time for the cohort was
75.96 months. The Kaplan—Meier plots for overall survival
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Table 1 Patient clinical characteristics
Variable N (%)
Age

<50 246 (77.1)

> 50 73 (22.9)
Race

Black 46 (14.5)

Hispanic 54 (17.0)

Other 20 (6.3)

White 198 (62.3)
Prevalence of other cancers

No 285 (89.3)

Yes 34 (10.7)
Premenopausal at diagnosis

No 85 (27.3)

Yes 226 (72.7)
Second primary breast cancer

No 285 (89.3)

Yes 34 (10.7)
T stage

T1 140 (43.9)

T2 179 (56.1)
N stage

NO 210 (65.8)

N1 109 (34.2)
Clinical stage

Stage 1A 100 (31.4)

Stage IIA 150 (47.0)

Stage 1IB 69 (21.6)
Histology

IDC 310 (97.2)

IDC-ILC 5(1.6)

Other 4(1.2)
Nuclear grade

Grade 1 5(1.6)

Grade 2 15 (4.9)

Grade 3 284 (93.4)
Type of surgical therapy

Partial mastectomy 157 (49.2)

Total mastectomy 162 (50.8)
BRCA status

Negative 184 (57.7)

Positive 135 (42.3)
Chemotherapy agent

Anthracycline 65 (20.4)

Anthracycline + Taxane 235 (73.7)

Other 19 (6.0)
Total chemotherapy completed

<75% 10 (3.1)

> 75% 309 (96.9)
Radiation

No 138 (43.5)
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Table 1 (continued)

and disease-free survival are presented in Figs. 1 and 2, 3,
4 and the 5-year overall survival rates and disease-free sur-

Variable N (%)
vival rates are presented in Tables 5 and 6. There was no
Yes 179 (56.5) significant association between overall survival or disease-
Chemotherapy free survival and treatment with neoadjuvant versus adjuvant
Adjuvant 187 (58.6) in the overall cohort (Figs. 1, 2). Furthermore, there were no
Neoadjuvant 132 (41.4) significant differences between patient subgroups (neoadju-
vant BRCA positive, neoadjuvant BRCA negative, adjuvant
Table 2 Assqciations between Variable Neoadjuvant ~ Neoadjuvant Adjuvant Adjuvant 4
BRCA mutation status, BRCA positive BRCA negative BRCA posi- BRCA nega-
treatment type, and tumor tive tive
characteristics
Age 0.352
<50 41 (85.4) 61 (72.6) 69 (79.3) 75 (75.0)
> 50 7 (14.6) 23 (27.4) 18 (20.7) 25 (25.0)
Second primary breast cancer < 0.001
No 42 (87.5) 84 (100) 65 (74.7) 94 (94.0)
Yes 6 (12.5) 0 (0) 22 (25.3) 6 (6.0)
T stage < 0.001
Tl 9(18.8) 15(17.9) 53 (60.9) 63 (63.0)
T2 39 (81.2) 69 (82.1) 34 (39.1) 37 (37.0)
N stage 0.161
NO 30 (62.5) 48 (57.1) 63 (72.4) 69 (69.0)
N1 18 (37.5) 36 (42.9) 24 (27.6) 31 (31.0)
Type of surgery < 0.001
Partial mastectomy 10 (20.8) 38 (45.2) 46 (52.9) 63 (63.0)
Total mastectomy 38 (79.2) 46 (54.8) 41 (47.1) 37 (37.0)
Chemotherapy agent < 0.001
Anthracycline 7 (14.6) 2(2.4) 28 (32.2) 28 (28.0)
Anthracycline + Taxane 40 (83.3) 80 (95.2) 52 (59.8) 63 (63.0)
Other 1(2.1) 2(2.4) 7 (8.0) 9(9.0)
Table 3 The 5-year (60-month) overall survival probabilities (Pr) for
the neoadjuvant patients
Measure Pr (T > 60) 95% CI e
Pathological complete 0.964 0.915-1.000
response _g g 1
No pathological complete  0.798 0.686-0.927 E
response (% <
>
3 I
8 - - Adjuvant
DC% g | - - Neoadjuvant
Table4 The 5-year (60-month) disease-free survival probabilities
(Pr) for the neoadjuvant patients S | | I | |
Measure Pr (T > 60) 95% C1 0 50 100 200 300
Pathological complete 0.896 0.819-0.980 Month
response
No pathological complete  0.699 0.575-0.849 Fig.1 Kaplan—-Meier plot of overall survival for triple-negative

response
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Fig.2 Kaplan—-Meier plot of disease-free survival for triple-negative
breast cancer patients receiving adjuvant (N = 187) and neoadjuvant
(N = 132), p value is 0.735
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Fig.3 Kaplan—Meier plot of overall survival for patient subgroups
of neoadjuvant BRCA positive (N = 48), neoadjuvant BRCA nega-
tive (N = 84), adjuvant BRCA positive (N = 86), and adjuvant BRCA
negative (N = 100), p value is 0.287

BRCA positive, and adjuvant BRCA negative) with respect
to either overall survival or disease-free survival (Figs. 3, 4).

Using the nearest neighbor matching method, the balance
for all covariates for both matched and unmatched samples
was checked. The baseline characteristics for the matched
sample are presented in Table 7. The absolute standardized
mean differences were less than 0.25, which indicated covar-
iate balance between adjuvant and neoadjuvant patients.
Univariate Cox models that stratified the matched pairs
were fit for both overall survival and disease-free survival,
with neoadjuvant and adjuvant as the treatment variable.
There was no statistically significant difference for overall
survival (HR 1.25, 95% CI 0.336-4.655, p value = 0.739)
or disease-free survival (HR 1.25, 95% CI 0.493-3.167, p
value = 0.637).
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Fig.4 Kaplan—Meier plot of disease-free survival for patient sub-
groups of neoadjuvant BRCA positive (N = 48), neoadjuvant BRCA
negative (N = 84), adjuvant BRCA positive (N = 87), and adjuvant
BRCA negative (N = 100), p value is 0.731

Table5 The 5-year (60-month) overall survival probabilities (Pr)

Measure Pr (T > 60) 95% CI

Overall survival 0.909 0.873-0.946
BRAC+ with neoadjuvant 0.894 0.801-0.998
BRAC- with neoadjuvant 0.885 0.807-0.971
BRAC+ with adjuvant 0.969 0.927-1.000
BRAC- with adjuvant 0.889 0.823-0.960

Table6 The 5-year (60-month) disease-free survival probabilities
(Pr)

Measure Pr (T > 60) 95% CI

Overall survival 0.829 0.784-0.876
BRAC+ with neoadjuvant 0.798 0.671-0.949
BRAC-— with neoadjuvant 0.816 0.733-0.909
BRAC+ with adjuvant 0.877 0.804-0.956
BRAC- with adjuvant 0.821 0.745-0.905

In the multivariate analysis, patients who received
more than 75% of total chemotherapy were found to
have significantly better overall survival (p = 0.047, HR
0.222, 95% CI 0.063-0.786) and disease-free survival
(»p =0.018, HR 0.209, 95% CI 0.070-0.624) compared to
those patients that received less than 75% of total chemo-
therapy, regardless of BRCA status. There was no statis-
tically significant difference between overall survival or
disease-free survival and age, race, stage, chemotherapy
regimen, type of surgical therapy, or BRCA status.
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;Z';:fezn lzczlljss\lli;i Zl;zracter istics Variable Overall (%) Adjuvant (n = 85) Neodjuvant (n = 85) ISII:ZI(Iiaziric;f .
neoadjuvant treatments for ence
matched patients (85 matched
pairs and n = 170 patients) Age
<50 129 (75.9) 64 (75.3) 65 (76.5) 0.028
> 50 41 (24.1) 21(24.7) 20 (23.5)
Race
Black 26 (15.3) 15 (17.6) 11 (12.9)
Hispanic 29 (17.1) 13 (15.3) 16 (18.8) 0.099
Other 12 (7.1) 6(7.1) 6(7.1) 0.000
White 103 (60.6) 51 (60.0) 52 (61.2) 0.024
Prevalence of other cancers
No 153 (90.0) 75 (88.2) 78 (91.8) —0.154
Yes 17 (10.0) 10 (11.8) 7(8.2)
Premenopausal at diagnosis
No 49 (28.8) 24 (28.2) 25 (29.4) —0.027
Yes 121 (71.2) 61 (71.8) 60 (70.6)
Second primary breast cancer
No 158 (92.9) 79 (92.9) 79 (92.9) 0.000
Yes 12 (7.1) 6(7.1) 6(7.1)
T stage
T1 53(31.2) 29 (34.1) 24 (28.2) 0.150
T2 117 (68.8) 56 (65.9) 61 (71.8)
N stage
NO 107 (62.9) 58 (68.2) 49 (57.6) 0.215
N1 63 (37.1) 27 (31.8) 36 (42.4)
Clinical stage
Stage TA 35 (20.6) 20 (23.5) 15 (17.6)
Stage ITA 90 (52.9) 47 (55.3) 43 (50.6) —0.094
Stage 1IB 45 (26.5) 18 (21.2) 27 (31.8) 0.223
Histology
IDC 167 (98.2) 83 (97.6) 84 (98.8)
IDC-ILC 0 (0) 0 (0) 0(0)
Other 3(1.8) 2(24) 1(1.2) —0.094
Nuclear grade
Grade 1 2(1.2) 2(2.4) 0(0)
Grade 2 5(3.0) 1(1.2) 4(4.7) —0.164
Grade 3 160 (95.8) 79 (96.3) 81(95.3) 0.049
Type of surgical therapy
Partial mastectomy 77 (45.3) 41 (48.2) 36 (42.4) 0.121
Total mastectomy 93 (54.7) 44 (51.8) 49 (57.6)
BRCA status
Negative 102 (60.0) 51 (60.0) 51 (60.0) 0.000
Positive 68 (40.0) 34 (40.0) 34 (40.0)
Chemotherapy agent
Anthracycline 24 (14.1) 15 (17.6) 9 (10.6)
Anthracycline + Taxane 140 (82.4) 67 (78.8) 73 (85.9) 0.240
Other 6(3.5) 3(3.5) 3(3.5) 0.000
Total chemotherapy completed
<75% 52.9) 3(3.5) 2(24) 0.094
> 75% 165 (97.1) 82 (96.5) 83 (97.6)
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Table 7 (continued) Variable Overall (%) Adjuvant (n = 85) Neodjuvant (n = 85) Standard
mean differ-
ence
Radiation
No 73 (42.9) 40 (47.1) 33 (38.8) 0.169
Yes 97 (57.1) 45 (52.9) 52 (61.2)

Discussion

This study analyzed outcomes, including overall survival
and disease-free survival, of neoadjuvant versus adjuvant in
patients with early-stage triple-negative breast cancer with
and without BRCA germline mutations. Similar to NSABP
B-18, there was no difference between overall survival and
disease-free survival among patients receiving neoadjuvant
compared to adjuvant when examining this specific subset
of patients.

Prior retrospective studies have reported conflicting
results when analyzing triple-negative breast cancer. An ini-
tial study showed a significant overall survival benefit with
adjuvant chemotherapy [10]. This study, however, included
stage III patients and reported that patients receiving neo-
adjuvant chemotherapy were more likely to be younger,
have increased tumor size, positive nodes, and an advanced
stage. There may have been a selection bias towards patients
with more aggressive disease receiving neoadjuvant chemo-
therapy and therefore having a worse outcome based on the
biology of disease rather than treatment regimen.

Although a significant portion of patients with triple-
negative breast cancer may harbor a BRCA mutation, this
patient population has not been reported in previous studies.
This is the first study to include a large cohort of BRCA-pos-
itive patients to our knowledge. We report that neoadjuvant
and adjuvant lead to similar outcomes among early-stage
BRCA mutation-positive breast cancer patients and we con-
clude that these patients may be offered either neoadjuvant
or adjuvant.

It is important to recognize this conclusion is relevant to
treatments with chemotherapy regimens including anthracy-
clines with or without taxanes. Future studies are needed to
evaluate if these conclusions will remain valid with newer
agents. PARP inhibitors are promising new treatment agents
for patients with BRCA mutations. These agents inhibit the
enzyme poly(ADP-ribose) polymerase which results in
multiple double-stranded DNA breaks that cannot be effi-
ciently repaired in tumors harboring BRCA1/2 mutations.
Several phase I and II studies demonstrated efficacy of PARP
inhibitors in patients with BRCA mutations in the metastatic
setting [13, 14]. More recently, metastatic BRCA-positive
patients receiving olaparib were found to have increased
progression-free survival as compared to single-agent

chemotherapy in a phase III study [15]. There are ongoing
trials with PARP inhibitors in the metastatic stage in com-
bination with chemotherapy [16].

Further studies are ongoing to investigate the use of
PARP inhibitors in early-stage breast cancer as well. Add-
ing rucaparib to cisplatin in the adjuvant setting in patients
with triple-negative breast cancer did not improve 2-year
disease-free survival [17]. However, a phase II study with
veliparib and carboplatin in triple-negative breast cancer in
the neoadjuvant setting estimates a 51% pCR compared to a
26% response in the control group [18]. There are multiple
ongoing trials to further investigate the benefits of adding
PARP inhibitors neoadjuvant stage. The PARTNER trial is
a randomized phase II/III trial using neoadjuvant platinum-
based chemotherapy with PARP inhibitors in patients with
triple-negative breast cancer (ClinicalTrials.gov Identifier:
NCTO03150576). Another ongoing phase II neoadjuvant trial
examines single-agent talazoparib in patients with BRCA
mutations (ClinicalTrials.gov Identifier: NCT02282345).
PARP inhibitors are also being studied in the adjuvant set-
ting, including the OlympiA trial which is a large phase III
adjuvant trial (ClinicalTrials.gov Identifier: NCT02032823).

There have also been favorable results in treating
BRCA1/2 patients with platinum chemotherapy agents.
Patients with BRCA mutations have deficiencies in DNA
repair which may be more sensitive to platinum agents
which result in crosslinking of DNA. In the metastatic
setting, patients with BRCA1/2 mutations receiving car-
boplatin had greater response and improved progression-
free survival compared to patients treated with docetaxel
[19]. One neoadjuvant study found a pathological com-
plete response rate of 61% in patients with BRCA1 muta-
tion who were treated with neoadjuvant cisplatin [20].
However, in a recently published secondary analysis of
the GeparSixto trial, there was no additive benefit to add-
ing carboplatin to neoadjuvant chemotherapy in patients
with a BRCA1/2 mutation [21]. In this subgroup analy-
sis, BRCA1/2-mutated patients had a high pathological
complete response rate after receiving neoadjuvant anthra-
cycline [16 of 24 (66.7%)] which was not significantly
increased by adding carboplatin [17 of 26 (65.4%)] [21].
A previous study reported also reported a high pathologi-
cal complete response rate of 45.6% in BRCA1 mutation
carriers receiving neoadjuvant anthracyclines and taxanes
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alone [22]. More studies are needed to determine the effi-
cacy of carboplatin in patients with BRCA1/2 mutations.
One ongoing trial randomizes BRCA1/2-positive patients
to receive cisplatin versus standard of care doxorubicin
and cyclophosphamide in the neoadjuvant setting (Clini-
calTrials.gov Identifier: NCT01670500).

There are several strengths of this current study. Patients
were limited to early-stage disease, and patients with stage
III disease were excluded. This reduces any potential con-
founding for patients with more aggressive disease who may
receive neoadjuvant chemotherapy to downsize disease prior
to surgery. The study is also, to the best of our knowledge,
the first to include a large cohort of BRCA-positive patients.

There are some limitations of the current study as well.
As patients were not prospectively randomized to treatment
arms, there may be an underlying selection bias. Although
the majority of the patients received an anthracycline- and
taxane-based regimen, there were variations in chemother-
apy regimens delivered. However, there was no statistically
significant difference between overall survival and disease-
free survival when controlling for age, race, stage, type of
chemotherapy regimen, or type of surgical therapy.

Another limitation is the relatively small sample size,
even though this is the largest cohort of BRCA1/2 mutation
carriers analyzed for this comparison. In matched analyses,
we observed a hazard ratio of 1.25 (95% CI 0.336—4.655)
for patients treated with neoadjuvant compared to those
treated with adjuvant regimes. With the sample size and the
observed proportions of deaths for both treatment groups,
a two-sided test of whether the hazard ratio was one would
achieve around 80% power at a 0.05 significance level when
the study population hazard ratio is actually 3.89 (PASS 13
Power Analysis and Sample Size Software). It is anticipated
that the power will decrease if the study population hazard
ratio is smaller, which might not be detected due to the rela-
tively small sample size and is a limitation of the study [23].
The matched analysis, however, found no statistically signifi-
cant difference for overall survival or disease-free survival
between the two groups of patients.

While these limitations may account for the lack of
difference in outcomes between neoadjuvant and adju-
vant, the most likely reason is that there is too little dif-
ference between timing of chemotherapy between the two
approaches, especially when viewed in the context of the
overall clinical course of primary breast cancer.

In conclusion, neoadjuvant versus adjuvant resulted in
similar disease-free survival and overall survival among
patients with stage I and II triple-negative breast cancer
regardless of BRCA status, similar to the prior larger ran-
domized controlled study. At this time, both adjuvant and
neoadjuvant are viable options for this patient population.
Further studies are needed to evaluate whether similar
results are observed with newer agents, such as platinums,
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PARP inhibitors, and other targeted agents in patients with
triple-negative breast cancer and BRCA germline mutations.
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