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ABSTRACT

PURPOSE To investigate the clinical behavior of breast cancer in young BRCA carriers
according to the specific BRCA gene (BRCA1 v BRCA2) and the association of the
timing of genetic testing (before v at diagnosis) with prognosis.

METHODS This was an international, multicenter, hospital-based, retrospective cohort
study that included 4,752 patients harboring germline pathogenic/likely
pathogenic variants (PVs) in BRCA1 or BRCA2, who were diagnosed with stage
I-III invasive breast cancer at 40 years or younger between January 2000 and
December 2020 in 78 centers worldwide (ClinicalTrials.gov identifier:
NCT03673306).

RESULTS Comparedwith BRCA2 carriers (n 5 1,683), BRCA1 carriers (n 5 3,069) hadmore
frequently hormone receptor–negative (74.4% v 15.5%) and high-grade (77.5%
v 49.1%) tumors. Similar outcomes were observed in BRCA1 and BRCA2 carriers
but with a different pattern and risk of disease-free survival events over time.
Compared with patients tested for BRCA at diagnosis (ie, between 2 months
before and up to 6 months after diagnosis; n 5 1,671), those tested before
diagnosis (ie, any time up to 2 months before diagnosis; n 5 411) had smaller
tumors (T1: 61.3% v 32.4%), less nodal involvement (N0: 65.9% v 50.8%), less
frequently received chemotherapy (84.4% v 92.9%), and axillary dissection
(37.5% v 47.4%). Patients tested before diagnosis had better overall survival
(OS; unadjusted hazard ratio [HR], 0.61 [95% CI, 0.40 to 0.92]); however, this
result lost statistical significance after adjustment for potential confounders
including tumor stage (adjusted HR, 0.74 [95% CI, 0.47 to 1.15]).

CONCLUSION This global study provides evidence on the different clinical behavior of breast
cancer in young BRCA1 and BRCA2 carriers. Identifying a BRCA PV in healthy
individuals was associated with earlier-stage breast cancer diagnosis and lower
treatment burden, as well as better unadjusted OS.

INTRODUCTION

Breast cancer diagnosed in women age 40 years or
younger requires special multidisciplinary care given their
age-related issues and needs.1 Among them, germline
genetic testing plays a critical role considering that more
than 10% of young women with breast cancer are expected
to carry a germline pathogenic/likely pathogenic variant
(PV) in the BRCA genes.2,3 In young women, germline
genetic testing has clear clinical implications in terms of

reproductive counseling,4 surveillance, and prevention
strategies as well as therapeutic value once diagnosed with
breast cancer.5,6

Breast cancers arising in BRCA carriers are characterized by
unique biologic features and clinical behavior.7,8 Loss of
function of BRCA1 and BRCA2 proteins leads to genomic
instability that affects tumor biology and may also influence
sensitivity to standard systemic therapies, subsequent
prognosis,9 and reproductive outcomes.10,11 In young

ACCOMPANYING CONTENT

Data Supplement

Protocol

Accepted January 14, 2025

Published February 24, 2025

J Clin Oncol 43:1706-1719

© 2025 by American Society of

Clinical Oncology

View Online
Article

Licensed under the Creative
Commons Attribution 4.0 License

1706 | Volume 43, Issue 14 | ascopubs.org/journal/jco

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 3
.1

4.
23

2.
13

2 
on

 S
ep

te
m

be
r 

19
, 2

02
5 

fr
om

 0
03

.0
14

.2
32

.1
32

C
op

yr
ig

ht
 ©

 2
02

5 
A

m
er

ic
an

 S
oc

ie
ty

 o
f 

C
lin

ic
al

 O
nc

ol
og

y.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 

https://orcid.org/0000-0003-1797-5296
https://orcid.org/0000-0001-9566-4579
https://orcid.org/0000-0003-0295-7511
https://orcid.org/0000-0003-4430-3022
https://orcid.org/0000-0002-1343-8138
https://orcid.org/0000-0002-2470-6054
https://orcid.org/0000-0002-6764-3102
https://orcid.org/0000-0002-9902-711X
https://orcid.org/0000-0001-8990-7837
https://orcid.org/0000-0001-7657-3460
https://orcid.org/0000-0002-4493-3748
https://orcid.org/0000-0002-7472-9350
https://orcid.org/0000-0002-4722-4824
https://orcid.org/0000-0002-0475-1771
https://orcid.org/0000-0002-1854-6701
https://orcid.org/0000-0001-7087-5687
https://orcid.org/0000-0001-9064-0113
https://orcid.org/0000-0003-2525-3787
https://orcid.org/0000-0001-5688-2194
https://orcid.org/0000-0002-5077-6814
https://orcid.org/0000-0002-6850-2192
https://orcid.org/0000-0003-1577-8176
https://orcid.org/0000-0001-6298-332X
https://orcid.org/0000-0002-3967-9861
https://orcid.org/0000-0002-4122-9624
https://orcid.org/0000-0003-0244-429X
https://orcid.org/0000-0003-3587-339X
https://orcid.org/0000-0003-2195-7955
https://orcid.org/0000-0003-0573-4938
https://orcid.org/0000-0003-4378-6181
https://orcid.org/0000-0002-9119-6277
https://orcid.org/0000-0002-8821-4542
https://orcid.org/0000-0003-2217-4047
https://orcid.org/0000-0002-0762-6415
https://doi.org/10.1200/JCO-24-01334
https://www.clinicaltrials.gov/ct2/show/NCT03673306
https://ascopubs.org/doi/suppl/10.1200/JCO-24-01334
https://ascopubs.org/doi/suppl/10.1200/JCO-24-01334
http://ascopubs.org/journal/jco
http://crossmark.crossref.org/dialog/?doi=10.1200%2FJCO-24-01334&domain=pdf&date_stamp=2025-02-24


patients, while several studies have investigated potential
differences in outcomes between BRCA carriers and those
with sporadic disease,3,12,13 limited evidence exists on
whether breast cancers in BRCA1 or BRCA2 carriersmay differ
in clinical behavior beyond differences in tumor biology.14

Dedicated efforts to dissect the potential different contri-
bution of the specific altered BRCA gene in the clinical be-
havior of breast cancer are crucial to personalize patients’
counseling on surveillance, prevention, treatment, and
survivorship strategies.

Over the past decade, indications for and clinical implications
of germline genetic testing have radically changed.15 Since the
first International Consensus Conference for Breast Cancer in
Young Women (BCY1) in November 2012, young age at breast
cancer diagnosis is considered per se a criterion for referring
patients to genetic counseling irrespective of family history or
tumor biology.16 Awareness of a germline BRCA PV is critical,
especially among youngwomen.No breast cancer screening is
recommended below age 40 years for women with average
risk of breast cancer.17 Conversely, women at higher-than-
average risk including BRCA carriers are candidates for an
intensive surveillance starting at age 25-30 years.5,18 Never-
theless, despite the known beneficial effect of screening for
early diagnosis in BRCA carriers,5,18 limited evidence exists on
the association of prediagnostic awareness of germline BRCA
status with prognosis,19-22 and there are no specific data in
young women with breast cancer.

The BRCA BCY Collaboration (ClinicalTrials.gov identifier:
NCT03673306) is the largest global cohort of BRCA carriers
with diagnosis of breast cancer at young age.11 Hence, this
study represents a unique real-world cohort to explore the

clinical behavior of breast cancer in young BRCA1 and BRCA2
carriers separately and the association of the timing of ge-
netic testing with prognosis.

METHODS

Study Design and Participants

This was an international, multicenter, hospital-based retro-
spective cohort study conducted at 78 institutions worldwide.
As previously reported,11 the study included women diagnosed
with invasive breast cancer at age 40 years or younger between
January 2000 and December 2020 and known to carry a
germline PV in the BRCA1 and/or BRCA2 genes. For the present
analysis, patients carrying PVs in both BRCA1 and BRCA2 genes
and those known to carry a BRCA PV but unknown information
if in the BRCA1 or BRCA2 gene were excluded.

Each participating institution performed diagnostic, stag-
ing, treatment, and follow-up procedures according to local
clinical practice.

Genetic testing and pathologic examination were performed
locally. Hormone receptor positivity was defined by the
presence of estrogen and/or progesterone receptors in at
least 1% of invasive tumor cells (10% for nine centers), as
determined by immunostaining. Human epidermal growth
factor receptor 2 (HER2) positivity was defined as an im-
munohistochemical score of 31 or 21 with gene amplifi-
cation detected by in situ hybridization techniques.

Institut Jules Bordet in Brussels (Belgium) served as the
central ethics committee. In compliance with the regulatory

CONTEXT

Key Objective
To investigate the clinical behavior of breast cancer in young BRCA1 versus BRCA2 carriers and the association of pre-
diagnostic awareness of germline BRCA status with prognosis.

Knowledge Generated
In this global study including 4,752 young BRCA carriers with breast cancer, distinct patient, tumor, and treatment
characteristics and a different pattern and risk of disease-free survival events over time were observed between BRCA1 and
BRCA2 carriers. The identification of carrying BRCA pathogenic/likely pathogenic variants in healthy individuals was as-
sociated with earlier-stage breast cancer diagnosis and lower treatment burden, as well as better unadjusted overall
survival.

Relevance (K.D. Miller)
Genetic testing, whether for women diagnosed with breast cancer or cascade testing (testing of potentially affected family
members), remains underutilized. These results show that the power of genetic information to improve outcome should
reinvigorate our efforts to offer testing broadly.*

*Relevance section written by JCO Senior Deputy Editor Kathy D. Miller, MD.

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 43, Issue 14 | 1707

Breast Cancer in Young BRCA Carriers

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 3
.1

4.
23

2.
13

2 
on

 S
ep

te
m

be
r 

19
, 2

02
5 

fr
om

 0
03

.0
14

.2
32

.1
32

C
op

yr
ig

ht
 ©

 2
02

5 
A

m
er

ic
an

 S
oc

ie
ty

 o
f 

C
lin

ic
al

 O
nc

ol
og

y.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 

https://www.clinicaltrials.gov/ct2/show/NCT03673306
http://ascopubs.org/journal/jco


requirements of participating centers, the study received
ethical approval from the local, regional, or national insti-
tutional review boards whenever required.

The reporting of the study followed the Strengthening the
Reporting of Observational Studies in Epidemiology
statement.23

Outcomes

The objectives of this analysis were to explore the clinical
behavior and outcomes of breast cancer in young BRCA
carriers according to the specific BRCA gene (BRCA1 v BRCA2)
and to assess the association of the timing of genetic testing
(before v diagnosis) with prognosis.

For the first objective, all patients eligible for the present
analysis were included and two groups were identified:
womenwithBRCA1PVs (BRCA1 carriers) and thosewithBRCA2
PVs (BRCA2 carriers). Clinicopathologic and treatment char-
acteristics as well as survival outcomes were compared be-
tweenBRCA1 andBRCA2 carriers. Subgroup analyses according
to hormone receptor status were performed. To account for
the potential lead time bias, sensitivity analyses were con-
ducted by including only patients with BRCA testing per-
formed any time up to 2 months before diagnosis of breast
cancer (BRCA test-before-diagnosis group) andwomen tested
from up to 2 months before and within 6 months after di-
agnosis of breast cancer (BRCA test-at-diagnosis group).

For the second objective, the comparison was made
according to the timing of the test by including only patients
in the BRCA test-before-diagnosis group and women in the
BRCA test-at-diagnosis group. Patients with unknown date
of BRCA testing and those tested during follow-up were
excluded from this analysis. Subgroup analyses according to
the specific BRCA gene were performed.

Statistical Analysis

Descriptive analyses were used to compare clinicopathologic
and treatment characteristics. The Chi-Square test and
Wilcoxon test were used to compare categorical and con-
tinuous variables as appropriate. For survival analyses, the
following end points were considered and defined as pre-
viously reported11: disease-free survival (DFS), breast can-
cer–specific survival (BCSS), and overall survival (OS). For
patients who did not encounter an event, observation times
were censored at the date of their last contact. For the first
objective, all eligible patients were included and sensitivity
analyses including only those who tested before and at di-
agnosis were performed. For the second objective, only
patients tested before and at diagnosis were included.

Rates for DFS events were computed as the ratio between the
total number of events and the total of the observation times.
To assess the pattern of DFS events over time, the Epa-
nechnikov Kernel-Smoothed annual hazard of DFS events

was computed. The optimal width of the density window in
the Kernel-smoothed estimates was selected to minimize
the mean-integrated squared error. The number of points
for density estimation was set to 50. Kaplan-Meier plots
were used to illustrate results with a follow-up period up to
15 years. The Cox proportional hazard model was applied to
estimate hazard ratios (HRs), while adjusting for the con-
current effect of selected confounders. Before applying Cox
proportional hazard models, visual inspection of the plots of
Schoenfeld residuals and Grambsch-Therneau test was
performed. In case of violation of the proportional hazard
assumption, Cox models were not performed. When the
proportional hazard assumption was fulfilled, multivariate
models for survival analyses incorporated factors that were
known to be prognostic or were differently distributed be-
tween the two groups (ie, country, year at diagnosis, specific
BRCA gene, grade, tumor size, nodal status, axillary surgery,
and chemotherapy use). Country and year at diagnosis were
included in the models as stratification factors, whereas
specific BRCA gene, grade, tumor size, nodal status, axillary
surgery, and chemotherapy use were included as covariates.
No imputation methods were used to handle missing values
that were included in all models as a separate category.

All statistical analyses were two-sided, with P < .05 con-
sidered statistically significant. No adjustment for multi-
plicity was performed. The analyses were performed using
Stata, software version 16.1 (StataCorp LLC, College
Station, TX).

RESULTS

BRCA1 Versus BRCA2

A total of 4,752 young women with breast cancer were in-
cluded in the present analysis, of whom 3,069 were BRCA1
carriers and 1,683 were BRCA2 carriers (Fig 1).

Compared with patients in the BRCA2 group, BRCA1 carriers
were younger at diagnosis (median age, 34 [IQR, 31-37] v 35
[IQR, 32-38] years) and had more frequently hormone
receptor–negative (74.4% v 15.5%) and high-grade (77.5% v
49.1%) tumors, fewer small tumors (T1: 37.1% v 40.5%), less
nodal involvement (N0: 56.7% v 41.6%), lobular histology
(1.2% v 5.7%), andHER2 positivity (4.8% v 11.2%; Table 1). In
BRCA1 carriers, chemotherapy was administered more fre-
quently (94.3% v 85.4%) than in BRCA2 carriers; in the case
of hormone receptor–positive disease, endocrine therapy
was received less often (89.3% v95.5%). Radicalmastectomy
was the most common surgical treatment in both patient
groups; however, breast-conserving surgery was more
frequently performed in BRCA1 than in BRCA2 carriers
(42.9% v 30.6%). Axillary dissection was less commonly
performed in BRCA1 than in BRCA2 carriers (46.9% v 58.6%).
A total of 1,753 (57.1%) BRCA1 carriers and 949 (56.4%)
BRCA2 carriers underwent risk-reducing mastectomy,
whereas 1,591 (51.8%) BRCA1 carriers and 851 (50.6%) BRCA2
carriers underwent risk-reducing salpingo-oophorectomy
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during follow-up. Patient, tumor, and treatment charac-
teristics at the time of breast cancer diagnosis in BRCA1
versus BRCA2 carriers according to the timing of germline
BRCA testing are reported in the Data Supplement (Table S1,
online only).

At amedian follow-up of 7.8 years (IQR, 4.4-12.6 years), 1,691
DFS events were observed (Data Supplement, Table S2).
Second primary breast cancers (2.12 v 1.42 events per
100 person-year) and nonbreast primarymalignancies (0.70 v
0.45 events per 100 person-year) were more frequent among
BRCA1 than BRCA2 carriers, whereas distant recurrences were
less frequent (1.51 v 2.06 events per 100 person-year).

When considering timing of DFS events, the hazard rate
over time in BRCA1 carriers was higher during the first
2 years and then declined until year 6, at which point there
was a new increase in risk. In BRCA2 carriers, the hazard
rate progressively increased during the first 3 years before
stabilizing and remaining constant in the following years
(Fig 2A).

The 8-year DFS was 63.8% (95% CI, 61.8 to 65.8) for BRCA1
and 66.2% (95%CI, 63.5 to 68.9) for BRCA2 carriers (Fig 2B).
BRCA1 carriers had a higher risk of BCSS andOS events during
the first 8 years after diagnosis, whereas the risk was greater
for BRCA2 carriers afterward (the 8-year BCSS was 88.1%;
95% CI, 86.7 to 89.4 for BRCA1 and 88.9%; 95% CI, 86.9 to
90.7 for BRCA2 carriers; the 8-year OS was 87.5%; 95% CI,
86.1 to 88.8 for BRCA1 and 87.9%; 95% CI, 85.8 to 89.7 for

BRCA2 carriers; Figs 2C and 2D). For all survival end points,
violation of the proportional hazard assumption occurred.

To account for the potential lead time bias, sensitivity
analyses comparing BRCA1 versus BRCA2 carriers were re-
peated by including only patients tested before or at diag-
nosis. Results were superimposable with those observed in
the entire cohort (Data Supplement, Tables S3 and S4 and
Fig S1).

Tumor and treatment characteristics in BRCA1 and BRCA2
carriers according to hormone receptor status are reported in
the Data Supplement (Table S5), and those according to the
type of first DFS events are reported in the Data Supplement
(Table S6). Consistent DFS, BCSS, and OS results as in the
entire cohort were observed between BRCA1 and BRCA2
carriers with hormone receptor–positive (Data Supplement,
Fig S2) and hormone receptor–negative breast cancers (Data
Supplement, Fig S3).

BRCA Test Before Diagnosis Versus BRCA Test
at Diagnosis

Among 4,011 patients with the known date of germline BRCA
testing, 411 were tested before diagnosis and 1,671 were
tested at diagnosis (Fig 1).

Compared with the BRCA test-at-diagnosis group, those
who underwent genetic testing before diagnosis had smaller
tumors (T1: 61.3% v 32.4%) and less nodal involvement (N0:

Patients registered:
(N = 5,457)

Patients included
(n = 4,752)

Patients eligible
(n = 4,904)

Patients excluded
  Stage IV de novo breast cancer
  Germline BRCA1 and BRCA2 PVs
  Germline BRCA PVs, unknown type

(n = 152)
(n = 115)
(n = 27)
(n = 10)

Patients excluded
  No germline BRCA PVs
  Year at diagnosis earlier than 2000 or
    later than 2020
  Unknown germline BRCA status
  Duplicated cases
  Diagnosis of noninvasive breast cancer
  Age �41 years at diagnosis 
  No information on follow-up
  BRCA variant of unknown significance

(n = 553)
(n = 168)
(n = 107)

(n = 91)
(n = 72)
(n = 42)
(n = 38)
(n = 27)
(n = 8)

BRCA1 carriers
  BRCA test before diagnosis
  BRCA test at diagnosis
  BRCA test during follow-up
  BRCA test date unknown

(n = 3,069)
(n = 296)

(n = 1,082)
(n = 1,207)

(n = 484)

BRCA2 carriers
  BRCA test before diagnosis
  BRCA test at diagnosis
  BRCA test during follow-up
  BRCA test date unknown

(n = 1,683)
(n = 115)
(n = 589)
(n = 722)
(n = 257)

BRCA test before diagnosis
(n = 411)

BRCA test at diagnosis
(n = 1,671)

FIG 1. Study flowchart. PV, pathogenic/likely pathogenic variant.
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TABLE 1. Patient, Tumor, and Treatment Characteristics According to the Specific BRCA Gene

Variable BRCA1 Carriers (n 5 3,069) BRCA2 Carriers (n 5 1,683) Pa

Country, No. (%) <.001

North America 324 (10.6) 193 (11.5)

South-Center America 105 (3.4) 41 (2.4)

Asia 1 Israel 539 (17.6) 235 (14.0)

Oceania 114 (3.7) 84 (5.0)

North Europe 470 (15.3) 250 (14.8)

South Europe 1,278 (41.6) 810 (48.1)

East Europe 239 (7.8) 70 (4.2)

Year at diagnosis, No. (%) .370

2000-2005 485 (15.8) 275 (16.3)

2006-2010 745 (24.3) 391 (23.2)

2011-2015 891 (29.0) 462 (27.5)

2016-2020 948 (30.9) 555 (33.0)

Age at diagnosis, years, median (IQR) 34 (31-37) 35 (32-38) .003

Age at diagnosis, years, No. (%) <.001

≤30 705 (23.0) 272 (16.2)

31-35 1,088 (35.4) 636 (37.8)

36-40 1,276 (41.6) 775 (46.0)

Time from diagnosis to BRCA testing, months, median (IQR) 5.3 (0.8-24.3) 5.9 (1.0-28.1) .062

Missing, No. 484 257

Histology, No. (%) <.001

Ductal carcinoma 2,606 (84.9) 1,335 (79.3)

Lobular carcinoma 38 (1.2) 96 (5.7)

Invasive, not specified 130 (4.2) 69 (4.1)

Others 195 (6.3) 124 (7.4)

Missing 100 (3.3) 59 (3.5)

Tumor grade, No. (%) <.001

G1 23 (0.7) 56 (3.3)

G2 395 (12.9) 602 (35.8)

G3 2,378 (77.5) 827 (49.1)

Missing 273 (8.9) 198 (11.8)

Tumor size, No. (%) .001

T1 1,138 (37.1) 681 (40.5)

T2 1,385 (45.1) 662 (39.3)

T3-T4 396 (12.9) 244 (14.5)

Missing 150 (4.9) 96 (5.7)

Nodal status, No. (%) <.001

N0 1,741 (56.7) 701 (41.6)

N1 919 (29.9) 640 (38.0)

N2-N3 296 (9.6) 258 (15.3)

Missing 113 (3.7) 84 (5.0)

Hormone receptor status, No. (%) <.001

ER- and/or PR-positive 736 (24.0) 1,394 (82.8)

ER- and PR-negative 2,282 (74.4) 261 (15.5)

Missing 51 (1.7) 28 (1.7)

HER2 status, No. (%) <.001

HER2-negative 2,776 (90.4) 1,398 (83.1)

HER2-positive 147 (4.8) 188 (11.2)

Missing 146 (4.8) 97 (5.8)

(continued on following page)
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65.9% v 50.8%; Table 2). Chemotherapy was administered
less frequently in patients tested before diagnosis (84.4% v
92.9%); among women receiving chemotherapy, fewer
patients in the BRCA test-before-diagnosis group were
treated in the neoadjuvant setting (38.0% v 57.7%),

whereas a higher number of them were exposed to an
anthracycline-free taxane-based regimen (8.4% v 4.4%).
Axillary dissection was less frequently performed in pa-
tients in the BRCA test-before-diagnosis group (37.5% v
47.4%). A total of 323 (78.6%) and 1,059 (63.4%) patients

TABLE 1. Patient, Tumor, and Treatment Characteristics According to the Specific BRCA Gene (continued)

Variable BRCA1 Carriers (n 5 3,069) BRCA2 Carriers (n 5 1,683) Pa

Breast surgery, No. (%) <.001

Not performed 9 (0.3) 6 (0.4)

Breast-conserving surgery 1,317 (42.9) 515 (30.6)

Mastectomy 1,680 (54.7) 1,124 (66.8)

Missing 63 (2.0) 38 (2.3)

Axillary surgery, No. (%) <.001

Not performed 53 (1.7) 40 (2.4)

Sentinel node biopsy only 1,346 (43.9) 585 (34.8)

Axillary dissection 1,440 (46.9) 987 (58.6)

Missing 230 (7.5) 71 (4.2)

Use of chemotherapy, No. (%) <.001

No 153 (5.0) 231 (13.7)

Yes 2,895 (94.3) 1,437 (85.4)

Missing 21 (0.7) 15 (0.9)

Type of chemotherapy,b No. (%) .003

Anthracycline- and taxane-based 2,047 (70.7) 1,010 (70.3)

Anthracycline-based 540 (18.6) 258 (17.9)

Taxane-based 112 (3.9) 75 (5.2)

Others 103 (3.6) 27 (1.9)

Missing 93 (3.2) 67 (4.7)

Timing of chemotherapy administration,b No. (%) .003

Neoadjuvant 1,370 (47.3) 613 (42.7)

Adjuvant 1,509 (52.1) 820 (57.1)

Missing 16 (0.6) 4 (0.3)

Use of endocrine therapy,c No. (%) <.001

No 71 (9.6) 41 (2.9)

Yes 657 (89.3) 1,332 (95.5)

Missing 8 (1.1) 21 (1.5)

Type of endocrine therapy,d No. (%) .026

Tamoxifen alone 250 (38.0) 457 (34.3)

Tamoxifen 1 LHRHa 167 (25.4) 384 (28.8)

LHRHa alone 21 (3.2) 20 (1.5)

AI with or without LHRHa 111 (16.9) 242 (18.2)

Tamoxifen and AI (with or without LHRHa) 88 (13.4) 203 (15.2)

Others 12 (1.8) 14 (1.0)

Missing 8 (1.2) 12 (0.9)

Duration of endocrine therapy, months, median (IQR) 58 (24-60) 60 (28.5-60) .470

Missing, No. 186 320

Abbreviations: AI, aromatase inhibitors; ER, estrogen receptor; G, tumor grade; HER2, human epidermal growth factor receptor 2; LHRHa, luteinizing
hormone-releasing hormone agonists; N, nodal status; PR, progesterone receptor; T, tumor size.
aCalculated after exclusion of missing values.
bCalculated among patients who received chemotherapy.
cCalculated among patients with hormone receptor–positive breast cancer.
dCalculated among patients with hormone receptor–positive breast cancer who received endocrine therapy.
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in the BRCA test-before- and BRCA test-at-diagnosis
groups underwent risk-reducing mastectomy, whereas
229 (55.7%) and 831 (49.7%) underwent risk-reducing
salpingo-oophorectomy during study follow-up.

The typeofDFS events according to the timingofBRCA testing
is reported in theData Supplement (Table S7). The 8-year DFS
was 73.3% (95% CI, 67.3 to 78.4) in the BRCA test-before-
diagnosis group and 70.4% (95% CI, 67.5 to 73.1) in the BRCA
test-at-diagnosis group (unadjusted HR, 0.80 [95% CI, 0.63
to 1.01]; adjusted HR, 0.91 [95% CI, 0.71 to 1.16]; Fig 3A; Data
Supplement, Table S8). The 8-year BCSS was 92.5% (95% CI,
88.6 to 95.2) and 87.8% (95% CI, 85.6 to 89.7) in the BRCA
test-before- and BRCA test-at-diagnosis groups, respectively
(unadjustedHR, 0.56 [95%CI, 0.36 to0.87]; adjustedHR, 0.68
[95% CI, 0.43 to 1.09]; Fig 3B; Data Supplement, Table S8).

The 8-year OS was 90.7% (95% CI, 86.5 to 94.0) in the BRCA
test-before-diagnosis groupand87.4%(95%CI, 85.2 to89.4)
in the BRCA test-at-diagnosis group (unadjusted HR, 0.61
[95% CI, 0.40 to 0.92]; adjusted HR, 0.74 [95% CI, 0.47 to
1.15]; Fig 3C; Data Supplement, Table S8).

Patient, tumor, and treatment characteristics of patients
who underwent germline BRCA testing before and at breast
cancer diagnosis according to the specific BRCA gene are
reported in the Data Supplement (Table S9), and the type of
DFS event are reported in the Data Supplement (Table S10). A
significant interaction between specific BRCA gene and
timing of BRCA testing was observed in DFS (P for
interaction 5 .010), whereas similar results as in the entire
cohort were observed in BCSS and OS (Data Supplement,
Table S11 and Fig S4).
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TABLE 2. Patient, Tumor, and Treatment Characteristics in PatientsWho Underwent Germline BRCA Testing Before and at Breast Cancer Diagnosis

Variable BRCA Test Before Diagnosis (n 5 411) BRCA Test at Diagnosis (n 5 1,671) Pa

Country, No. (%) <.001

North America 50 (12.2) 191 (11.4)

South-Center America 1 (0.2) 20 (1.2)

Asia 1 Israel 85 (20.7) 362 (21.7)

Oceania 34 (8.3) 57 (3.4)

North Europe 62 (15.1) 240 (14.4)

South Europe 155 (37.7) 660 (39.5)

East Europe 24 (5.8) 141 (8.4)

Year at diagnosis, No. (%) .784

2000-2005 20 (4.9) 87 (5.2)

2006-2010 69 (16.8) 268 (16.0)

2011-2015 129 (31.4) 490 (29.3)

2016-2020 193 (47.0) 826 (49.4)

Age at diagnosis, years, median (IQR) 35 (31-38) 35 (31-38) .469

Age at diagnosis, years, No. (%) .375

≤30 93 (22.6) 350 (20.9)

31-35 136 (33.1) 614 (36.7)

36-40 182 (44.3) 707 (42.3)

Specific BRCA gene, No. (%) .005

BRCA1 carriers 296 (72.0) 1,082 (64.8)

BRCA2 carriers 115 (28.0) 589 (35.2)

Histology, No. (%) .180

Ductal carcinoma 354 (86.1) 1,444 (86.4)

Lobular carcinoma 15 (3.6) 37 (2.2)

Invasive, not specified 25 (6.1) 90 (5.4)

Others 16 (3.9) 94 (5.6)

Missing 1 (0.2) 6 (0.4)

Tumor grade, No. (%) <.001

G1 16 (3.9) 18 (1.1)

G2 76 (18.5) 361 (21.6)

G3 291 (70.8) 1,103 (66.0)

Missing 28 (6.8) 189 (11.3)

Tumor size, No. (%) <.001

T1 252 (61.3) 541 (32.4)

T2 118 (28.7) 803 (48.1)

T3-T4 28 (6.8) 271 (16.2)

Missing 13 (3.2) 56 (3.3)

Nodal status, No. (%) <.001

N0 271 (65.9) 849 (50.8)

N1 95 (23.1) 574 (34.3)

N2-N3 35 (8.5) 216 (12.9)

Missing 10 (2.4) 32 (1.9)

Hormone receptor status, No. (%) .231

ER- and/or PR-positive 170 (41.4) 752 (45.0)

ER- and PR-negative 237 (57.7) 917 (54.9)

Missing 4 (1.0) 2 (0.1)

HER2 status, No. (%) .226

HER2-negative 382 (92.9) 1,540 (92.2)

HER2-positive 20 (4.9) 109 (6.5)

Missing 9 (2.2) 22 (1.3)

(continued on following page)
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DISCUSSION

In this global study of young BRCA carriers with breast
cancer, distinct patient, tumor, and treatment characteris-
tics and a different pattern and risk of survival events over

time were observed between patients carrying germline
BRCA1 and BRCA2 PVs. Identification of carrying a BRCA PV in
healthy individuals was associated with earlier-stage breast
cancer diagnosis and lower treatment burden, as well as
better unadjusted OS.

TABLE 2. Patient, Tumor, and Treatment Characteristics in PatientsWho Underwent Germline BRCA Testing Before and at Breast Cancer Diagnosis
(continued)

Variable BRCA Test Before Diagnosis (n 5 411) BRCA Test at Diagnosis (n 5 1,671) Pa

Breast surgery, No. (%) .566

Not performed 1 (0.2) 7 (0.4)

Breast-conserving surgery 113 (27.5) 498 (29.8)

Mastectomy 294 (71.5) 1,155 (69.1)

Missing 3 (0.7) 11 (0.7)

Axillary surgery, No. (%) <.001

Not performed 7 (1.7) 26 (1.6)

Sentinel node biopsy only 238 (57.9) 785 (47.0)

Axillary dissection 154 (37.5) 792 (47.4)

Missing 12 (2.9) 68 (4.1)

Use of chemotherapy, No. (%) <.001

No 61 (14.8) 111 (6.6)

Yes 347 (84.4) 1,552 (92.9)

Missing 3 (0.7) 8 (0.5)

Type of chemotherapy,b No. (%) .023

Anthracycline- and taxane-based 267 (76.9) 1,222 (78.7)

Anthracycline-based 37 (10.7) 197 (12.7)

Taxane-based 29 (8.4) 69 (4.4)

Others 7 (2.0) 27 (1.7)

Missing 7 (2.0) 37 (2.4)

Timing of chemotherapy administration,b No. (%) <.001

Neoadjuvant 132 (38.0) 896 (57.7)

Adjuvant 214 (61.7) 651 (42.0)

Missing 1 (0.3) 5 (0.3)

Use of endocrine therapy,c No. (%) .219

No 13 (7.6) 39 (5.2)

Yes 155 (91.2) 698 (92.8)

Missing 2 (1.2) 15 (2.0)

Type of endocrine therapy,d No. (%) .069

Tamoxifen alone 56 (36.1) 201 (28.8)

Tamoxifen 1 LHRHa 29 (18.7) 191 (27.4)

LHRHa alone 5 (3.2) 13 (1.9)

AI with or without LHRHa 43 (27.7) 160 (22.9)

Tamoxifen and AI (with or without LHRHa) 18 (11.6) 115 (16.5)

Others 3 (1.9) 13 (1.9)

Missing 1 (0.6) 5 (0.7)

Duration of endocrine therapy, months, median (IQR) 38.5 (24-60) 49.5 (24-60) .299

Missing, No. 43 164

Abbreviations: AI, aromatase inhibitors; ER, estrogen receptor; G, tumor grade; HER2, human epidermal growth factor receptor 2; LHRHa, luteinizing
hormone-releasing hormone agonists; N, nodal status; PR, progesterone receptor; T, tumor size.
aCalculated after exclusion of missing values.
bCalculated among patients who received chemotherapy.
cCalculated among patients with hormone receptor–positive breast cancer.
dCalculated among patients with hormone receptor–positive breast cancer who received endocrine therapy.
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In patients with breast cancer, the specific altered BRCA gene
is known to be associated with different clinicopathologic
features, with the majority of tumors being triple-negative
in BRCA1 carriers and hormone receptor–positive/HER2-
negative in BRCA2 carriers.7,8,24,25 These peculiar biologic
features were also observed in our study. Notably, different
from the frequency of germline BRCA1 and BRCA2 PVs ob-
served in population-based studies,26 the majority of pa-
tients in our study were BRCA1 carriers. This result may be
explained by the specific patient population that we included
considering the higher risk of developing breast cancer at a
young age in BRCA1 carriers27 and the increased likelihood of
developing triple-negative disease in young women.28

In terms of prognosis, current evidence does not support
different survival outcomes between patients with sporadic

disease and BRCA carriers.29 Notably, most studies investi-
gating this issue considered all BRCA carriers without dif-
ferentiating according to the specific altered BRCA gene, or
when considering BRCA1 and BRCA2 carriers separately, a
comparison between them was often not performed or
analyses were underpowered. In our study of young women
with breast cancer, although there were no apparent dif-
ferences in survival outcomes between BRCA1 and BRCA2
carriers, a distinct pattern of DFS events over time was
observed with a peak among BRCA1 carriers in the first
2 years and a constant risk over time in BRCA2 carriers that
led to worse long-term OS. This patternmay be explained by
the different distribution of breast cancer subtypes in BRCA1
and BRCA2 carriers.30 Notably, these outcomes should be
interpreted in the context of the systemic therapy received
by the patients (of whom 91.2% received chemotherapy,
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FIG 3. Survival outcomes in patients tested for germline BRCA status before or at diagnosis of breast cancer: (A) DFS, (B) BCSS, and (C) OS. BCSS,
breast cancer–specific survival; DFS, disease-free survival; OS, overall survival.
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with modern anthracycline- and taxane-based regimens in
70% of the cases and use of ovarian function suppression in
62.1% of carriers with hormone receptor–positive disease).
During the period of eligibility to the study, immunotherapy,
adjuvant olaparib, or CDK4/6 inhibitors were not yet stan-
dard of care.

The differential role of BRCA1 and BRCA2 PVs in the
age-related risk of developing breast cancer and other ma-
lignancies is well established,27 with subsequent distinct
recommendations for surveillance and prevention strategies.5

Moreover, age <40 years at primary diagnosis is a known risk
factor for cumulative risk of contralateral breast cancer,
particularly among BRCA1 carriers.31 Our findings showed that
the specific altered BRCA gene may be associated with dif-
ferent age at breast cancer onset and typeoffirstDFS event. As
compared with BRCA2 carriers, patients with BRCA1 PVs were
younger at diagnosis and more often developed second pri-
mary breast and nonbreast malignancies. These data raise
awareness on the importance of developing tailored sur-
veillance, prevention, and follow-up strategies for patients
with hereditary breast cancer that should consider both age at
first diagnosis and the specific altered BRCA gene. Future
efforts in clinical trials including BRCA carriers should be
made to report outcomes and treatment effects separately in
patients with BRCA1 and BRCA2 PVs and to record surveillance
and prevention strategies of those who are further under
study.

In the past few years, the indications for germline genetic
testing in patients with breast cancer have remarkably ex-
panded.6 The recommended intensive surveillance in healthy
BRCA carriers leads to earlier breast cancer diagnosis19-21,32,33

and is cost-effective.34 However, very limited information
exists on the impact of germline testing on oncologic
outcomes,19-22 with no evidence in the specific cohort of young
women. In our study, patients known to carry aBRCA1 orBRCA2
PV before diagnosis were diagnosedmore oftenwith T1 tumors
and node-negative disease as compared with those who were
tested after diagnosis and underwent less frequently axillary
dissection and chemotherapy. Importantly, knowledge of BRCA
status before breast cancer diagnosis was associated with a
trend toward improved DFS (in BRCA1 carriers only) and sig-
nificantly better unadjusted BCSS and OS (in both BRCA1 and
BRCA2 carriers). Although informationonprevention strategies
was not collected in our study, these data may suggest that
awareness of carrying a BRCA PV before diagnosis was likely
associated with enhanced surveillance and increased health
care–seeking behaviors among BRCA carriers. As a conse-
quence, this attitude could explain the observed breast cancer

downstaging and its subsequent downstream benefits in-
cluding less aggressive surgical and systemic treatments.
The lack of statistical significance observed in the multi-
variatemodelsmay indicate that timing of BRCA test itself did
not influence prognosis but that the observed survival dif-
ferences were likely explained by different tumor features
including more advanced stage in patients tested at diag-
nosis. With improved knowledge of breast cancer biology and
the availability of biomarkers for refining chemotherapy
indications,35,36 future research efforts are needed to opti-
mize the systemic treatment particularly among patients
with stage I disease (of whom 79.7% received chemotherapy
in our study).

In addition to its retrospective nature, other limitations of
the study include that BRCA genetic testing, determination of
tumor characteristics, anticancer treatments, and follow-up
were performed locally according to standard practice. The
study was conducted in 78 different centers from 26
countries in four continents over a 20-year time frame.
Hence, different health care systems and changes in practice
during the study period might have influenced the results.
Information on prevention strategies before breast cancer
diagnosis was not collected. Moreover, it is not possible to
exclude the fact that other unmeasured differences might
have contributed to the survival results according to the
timing of genetic testing, including greater health care–
seeking behaviors in patients tested before diagnosis, which
might have also led to better OS once diagnosed (ie, the
healthy user effect). Finally, considering the nature of the
study design and the absence ofmultiple testing adjustment,
all analyses should be considered exploratory. However, the
uniqueness of this cohort (including only young BRCA car-
riers with breast cancer), the global representation, and the
relatively long follow-up are important strengths.

In conclusion, our global study including young BRCA car-
riers provides evidence on the different clinical behavior of
breast cancer according to the specific BRCA gene and the
association of the timing of genetic testing with prognosis.
BRCA1 and BRCA2 carriers were characterized by distinct
patient, tumor, and treatment characteristics and a different
pattern and risk of DFS events over time. Identification of
carrying a BRCA PV in healthy individuals was associated
with earlier-stage breast cancer diagnosis and lower treat-
ment burden, as well as better unadjusted OS. Increased
awareness on the importance of identifying healthy women
at risk of carrying a BRCA1 or BRCA2 PV is needed to offer
genetic counseling and testing to inform them about early
detection options that may lead to better prognosis.
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