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Abstract
Purpose  While enhanced breast screening of germline pathogenic variant (GPV) carriers results in earlier stage 
at diagnosis, the impact of tumour biology and GPV on chemotherapy receipt in early-stage disease remains 
understudied.

Methods  We retrospectively reviewed treatment administered following a first diagnosis of BRCA1/2- and PALB2-
associated breast cancer between 2002 and 2022. Chemotherapy receipt was compared according to tumor size, 
biologic subtype, and GPV. Subgroup analyses were performed in women with T1N0 disease and in those with pre-
diagnostic awareness of their GPV.

Results  Overall, 309 affected BRCA1/2 and PALB2 carriers with a median age of 43 years at breast cancer 
diagnosis (range, 19–80 years) were included; 160 (51.8%) BRCA1, 130 (42.1%) BRCA2, and 19 (6.1%) PALB2 carriers. 
Chemotherapy was administered in 70.9% of index breast cancer cases and was significantly associated with younger 
age, tumor size, histologic grade, nodal status, and biologic subtype (all p < 0.05). Chemotherapy receipt was 80.6% 
in BRCA1-associated breast cancers compared to 56.9% in BRCA2 and 84.2% in PALB2 associated breast cancers 
(p < 0.001). In subgroup analysis of early stage, T1N0 disease, chemotherapy was administered in 78.9% BRCA1 and 
59.5% BRCA2/PALB2 patients (p = 0.04). Pre-diagnostic awareness of a GPV in BRCA1/2 or PALB2 was associated with 
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Introduction
While enhanced surveillance of germline BRCA1/2 and 
PALB2 carriers results in earlier stage at breast cancer 
diagnosis and improved outcomes [1, 2], the impact of 
tumor biology and specific germline pathogenic variant 
(historically termed ‘mutation’) on chemotherapy receipt 
in early-stage disease remains understudied. Approxi-
mately 72% of BRCA1 carriers and 22–34% of BRCA2 
and PALB2 carriers diagnosed with breast cancer present 
with triple-negative breast cancer (TNBC) [3, 4] a par-
ticularly aggressive biologic subtype that almost always 
necessitates chemotherapy even if tumors are small 
at diagnosis [5]. Although the majority of BRCA2 and 
PALB2-associated breast cancers and 20% of BRCA1-
associated breast cancers are hormone-receptor posi-
tive, human epidermal growth factor receptor negative 
(ER + HER2-), germline pathogenic variant carriers tend 
to have highly proliferative ER + HER2- tumors with 
markedly elevated 21-gene recurrence scores, for which 
chemotherapy is also recommended [6–8]. 

Pre-diagnostic awareness of a germline pathogenic 
variant in BRCA1/2 or PALB2 allows for enhanced 
screening and risk-reducing mastectomy, the latter of 
which dramatically lowers the likelihood of being diag-
nosed with breast cancer [9, 10]. For patients who elect 
to forgo risk-reducing surgery, protocols combining 
breast magnetic resonance imaging (MRI) and mammo-
graphic screening aim to detect breast cancers early. In 
one study of 105 BRCA1/2 germline pathogenic variant 
carriers diagnosed with breast cancer between 2005 and 
2016, chemotherapy receipt was 59% overall, yet in the 
42 patients with pre-diagnostic awareness of their BRCA 
status, 86% were diagnosed with stage 0-I disease and 
only 29% received chemotherapy [11]. Perhaps because 
of the older median age of this cohort (50.4 years), their 
results contrast with those from other studies of younger 
affected BRCA1/2 carriers, where chemotherapy receipt 
has been documented in upwards of 92% of carriers [12, 
13]. For PALB2 carriers, breast cancers are felt to be bio-
logically similar to BRCA2 cases, however there remains 
a paucity of data on breast cancer treatment and out-
comes [14, 15]. 

To further characterize factors associated with che-
motherapy receipt and help advise unaffected BRCA1/2 
and PALB2 carriers about the likelihood of requiring 

chemotherapy if diagnosed with an early-stage breast 
cancer in the future, we performed a multi-centered ret-
rospective cohort study of affected BRCA1/2 and PALB2 
carriers diagnosed between 2002 and 2022. Our primary 
objective was to evaluate the proportion of affected car-
riers who received chemotherapy for an index breast 
cancer diagnosis, including those with early stage, T1N0 
disease. A secondary objective was to evaluate the impact 
of pre-diagnostic awareness on clinical and treatment 
related outcomes, including the need for chemotherapy 
and adjuvant endocrine therapy.

Methods
Cohort selection
Following institutional review board approvals from the 
Jewish General Hospital (CIUSSS West-Central Mon-
treal Research Ethics Board, reference no. MP-05-2022-
3018) and McGill University Health Centre (CIUSSS 
Central West of the Island of Montreal Research Ethics 
board), we retrospectively reviewed the medical records 
of female patients with a confirmed germline pathogenic 
variant in BRCA1/2 or PALB2 who were diagnosed or 
treated with at least one in situ or invasive stage I-III 
breast cancer at two McGill University-affiliated institu-
tions in Montreal, Canada between January 2002 and Jan-
uary 2022 (Fig. 1). Variants were annotated according to 
the American College of Medical Genetics (ACMG) five-
tiered categorization, and those which were pathogenic 
or likely pathogenic were included in the cohort, while 
variants of uncertain significance or any likely benign or 
benign variants were excluded. Patients who did not have 
a diagnosis of breast cancer, had de novo stage IV breast 
cancer at diagnosis, or those for whom pathology or sys-
temic therapy details were unknown were also excluded 
from the cohort. Due to the retrospective nature of the 
study and study period, the requirement for informed 
consent was waived by the research ethics boards of par-
ticipating centres.

Outcomes and independent variables
The primary outcome was any chemotherapy receipt 
for an index diagnosis of breast cancer, including neo-
adjuvant or adjuvant chemotherapy. Chemotherapy was 
defined as any systemic therapy that included anthracy-
cline and/or taxane and/or platinum-based regimens, 

smaller invasive tumors (%T1, 50% vs. 32.9%; p = 0.002) and node-negative invasive disease (87.1% vs. 72.2%), as well as 
a reduced likelihood of chemotherapy (59.7% vs. 74.3%, p = 0.02).

Conclusion  Chemotherapy receipt is high in BRCA1/2 and PALB2-associated breast cancers including in early stage, 
node-negative disease. Pre-diagnostic awareness is associated with a lower likelihood of requiring chemotherapy for a 
breast cancer diagnosis.
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with immunotherapy or HER2-directed therapy when 
applicable.

Independent variables of interest included germline 
pathogenic variant, divided into BRCA1 vs. BRCA2 vs. 
PALB2, age at index breast cancer diagnosis (categorized 
as < 30 years, 30–39 years, 40–49 years, 50–59 years, and 
60 + years), family history (breast cancer, ovarian can-
cer, pancreatic cancer, and male breast cancer), and pre-
diagnostic awareness, defined as knowledge of a germline 
pathogenic variant prior to breast cancer diagnosis if 
genetic testing had been performed at least one month or 
more prior to diagnostic biopsy. Clinical variables, such 
as tumor histology, histologic grade, biologic subtype 
(ER + HER2-, TNBC, or HER2+), tumor size, and nodal 
status were determined clinically at the time of biopsy 
in the setting of neoadjuvant treatment or based on final 
pathologic staging in the setting of primary surgery. 
Treatment approach (primary surgery or neoadjuvant 
chemotherapy), index breast surgery (defined as breast 
conserving surgery, unilateral mastectomy, or bilateral 

mastectomy), and adjuvant therapy (radiation and endo-
crine therapy) were also evaluated.

Statistical analysis
All data variables were collected and managed using 
REDCap electronic data capture tools hosted at the Jew-
ish General Hospital Lady Davis Institute for Medical 
Research [16]. Descriptive statistics were used to summa-
rize baseline demographic and clinical characteristics of 
the study population. The Chi-squared and Fisher’s exact 
tests were used to compare categorical variables between 
groups, comparing clinical and treatment related vari-
ables by germline pathogenic variant as well as clinical 
variables associated with chemotherapy receipt. Sub-
group analysis was then performed among patients with 
T1N0 breast cancer to evaluate the association between 
germline pathogenic variant, tumor biology, and chemo-
therapy receipt in early-stage disease. We then performed 
additional analyses evaluating the impact of pre-diag-
nostic awareness on the clinicopathologic outcomes 
and treatment associated with an index breast cancer 

Fig. 1  Cohort selection
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diagnosis. Analyses were carried out with SAS software 
version 9.4 (SAS Institute Inc., Cary, NC, USA) with a p 
value of < 0.05 used to indicate statistical significance.

Results
Cohort characteristics
Of 895 patients with a known pathogenic variant in 
BRCA1/2 and PALB2 or other breast cancer suscepti-
bility genes, we identified 312 affected female BRCA1/2 
and PALB2-positive patients with breast cancer. After 
exclusion of 3 (1.0%) patients with stage IV disease, the 
final analytic cohort included 309 BRCA1/2 and PALB2-
positive women with operable breast cancer; 160 (51.8%) 
BRCA1, 130 (42.1%) BRCA2, and 19 (6.1%) PALB2 carri-
ers. Of these 309 patients, 72 (23.3%) were aware of their 
germline pathogenic variant prior to the development of 
their first breast cancer. Notably, none of the 3 excluded 
stage IV cases were aware of their germline pathogenic 
variant prior to diagnosis.

In the analytic cohort, the median age at index breast 
cancer diagnosis was 43 years; 40 years (range 19–72) 
for BRCA1, 44 (range, 27–80) for BRCA2, and 50 (range, 
42–61) for PALB2. Clinical characteristics and treat-
ment details by pathogenic variant are shown in Table 1. 
BRCA2 carriers were more likely to be diagnosed with 
ductal carcinoma in situ (18.5% vs. 4.4%, p < 0.001) com-
pared to BRCA1 carriers. BRCA1-associated breast can-
cers tended to be earlier onset at diagnosis (p = 0.003), 
and when invasive, were higher grade (p < 0.001), node-
negative (p = 0.01), and more commonly TNBC (%TNBC: 
69.4% BRCA1 vs. 24.7% BRCA2 vs. 31.6% PALB2; 
p < 0.001). In contrast, BRCA2 and PALB2-associated 
invasive breast cancers were more likely to be node-posi-
tive and were ER + HER2- in 63.2–70% of cases (Table 1). 
In terms of treatment approach, 36% of patients were 
treated with neoadjuvant systemic therapy, including 
42.5% of BRCA1 and 47.4% of PALB2 cases, compared to 
only 26.2% of BRCA2 patients (p = 0.01). Approximately 
half (48.4%) of patients received breast conserving ther-
apy, while the remaining half were treated with mastec-
tomy, including 15.8% who underwent unilateral and 
34.9% who underwent bilateral mastectomy, with no dif-
ference by germline pathogenic variant (p = 0.31).

Chemotherapy was administered in 70.9% of index 
breast cancer cases diagnosed in BRCA1/2 and PALB2 
carriers. Chemotherapy receipt varied significantly by 
pathogenic variant and age at diagnosis, with BRCA1 
carriers, PALB2 carriers, and early-onset breast cancers 
diagnosed under 30 years of age receiving chemotherapy 
in greater than 80% of cases (Table 2). In contrast, only 
56.9% of BRCA2 carriers and 11.3% of patients over 60 
years old received chemotherapy for an index breast can-
cer diagnosis. In cases of invasive breast cancer, higher 
histologic grade, tumor size, and node positive disease 

were all significantly associated with chemotherapy 
receipt (all p < 0.001). Patients with ER + HER2- invasive 
breast cancer received chemotherapy in 74% of cases, 
compared to 90.0% of TNBC and 91.7% of HER2 + inva-
sive breast cancers (p = 0.006). The majority of chemo-
therapy received was anthracycline-based (55.0%), with 
or without taxanes or the addition of platinum agents.

In subgroup analysis of 89 patients with T1N0 dis-
ease, 52 (58.4%) BRCA1, 32 (36.0%) BRCA2, and 5 
(5.6%) PALB2 carriers were included. In this subgroup 
of patients with early-stage invasive disease, chemother-
apy was administered in 41 (78.9%) BRCA1 compared to 
22 (59.5%) BRCA2/PALB2 patients (p = 0.04). This was 
largely driven by the increased incidence of TNBC which 
accounted for 56% of BRCA1 carriers with T1N0 breast 
cancer (90% of whom received chemotherapy), while only 
15.6% of BRCA2 and 40% of PALB2 carriers had T1N0 
TNBC (of which 80% and 100% received chemotherapy, 
respectively; eTable 1). In comparison, 76% of BRCA2/
PALB2 carriers with T1N0 breast cancer had ER + HER2- 
disease, only half of whom received chemotherapy (Fig. 2, 
eTable 1). Anthracycline-based regimens (with or with-
out taxanes or the addition of platinum agents) consti-
tuted the majority of chemotherapy received in T1N0 
tumours (57.1%), followed by taxane-based regimens in 
(27.0%), platinum-based regimens (9.5%) and other regi-
mens (6.4%).

Pre-diagnostic awareness of BRCA1/2 and PALB2 status and 
treatment receipt
In the 72 (23.3%) patients who had pre-diagnostic knowl-
edge of their BRCA1/2 or PALB2 pathogenic variant, 
there were no significant differences in age at breast 
cancer diagnosis, family history of breast or pancreatic 
cancer, or distribution of germline pathogenic variants 
compared to the 237 patients who underwent testing 
after diagnosis (all p > 0.05, Table  3). Women with pre-
diagnostic awareness were however more likely to have a 
family history of ovarian cancer than those who under-
went testing after diagnosis (37.5% vs. 23.6%, p = 0.02) 
and were more likely to be enrolled in MRI screening 
(79.2% vs. 1.3%, p < 0.001). When diagnosed with breast 
cancer, tumor histology, histologic grade, and bio-
logic subtype of the index breast cancer were not sig-
nificantly different between the two groups (all p > 0.05). 
However, women with pre-diagnostic awareness were 
more likely to have MRI detected tumours (61.1% vs. 
0.84%, p < 0.001), be diagnosed with invasive tumors 
less than 2  cm (50% vs. 32.9%, p = 0.002) and present 
with node negative disease (87.1% vs. 72.2%, p = 0.02). 
In contrast, patients who underwent genetic testing 
after diagnosis were more likely to present with a clini-
cal abnormality/palpable mass (70.1% vs. 11.1%) or with 
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Characteristic BRCA1
(n = 160)

BRCA2
(n = 130)

PALB2
(n = 19)

P-value Total
(n = 309)

Age at First Breast Cancer Diagnosis – n, (%) 0.003
  <30 years 22 (13.8) 6 (4.6) 1 (5.3) 29 (9.4)
  30–40 years 56 (35.0) 34 (26.2) 1 (5.3) 91 (29.5)
  40–50 years 36 (22.5) 48 (36.9) 7 (36.8) 91 (29.5)
  50–60 years 31 (19.4) 27 (20.8) 5 (26.3) 63 (20.4)
  60 + years 15 (9.4) 15 (11.5) 5 (26.3) 35 (11.3)
Family History in a 1st or 2nd degree relative – n, (%)
  Breast Cancer 112 (70.0) 90 (69.2) 11 (57.9) 0.94 187 (68.3)
  Ovarian Cancer 56 (35.0) 24 (18.5) 3 (15.8) 0.004 72 (26.3)
  Pancreatic Cancer 21 (13.1) 13 (10.0) 3 (15.8) 0.62 37 (12.0)
  Male Breast Cancer 4 (2.8) 8 (7.1) 1 (5.9) 0.25 13 (4.7)
Pre-diagnostic awareness of GPV status – n, (%) 0.18
  Awareness of GPV prior to breast cancer diagnosis 44 (27.5) 25 (19.2) 3 (15.8) 72 (23.3)
  Genetic testing after breast cancer diagnosis 116 (72.5) 105 (80.8) 16 (84.2) 237 (76.7)
Histology – n, (%) < 0.001
  Ductal carcinoma in situ (DCIS) 7 (4.4) 24 (18.5) - 31 (11.3)
  Invasive ductal carcinoma 128 (80.0) 84 (64.6) 16 (84.2) 228 (73.8)
  Invasive lobular carcinoma 3 (1.9) 7 (5.4) 2 (10.3) 12 (3.9)
  Other/unknown 22 (13.8) 15 (11.5) 1 (5.3) 38 (12.3)
Histologic Grade* – n, (%) < 0.001
  Grade I 2 (1.3) 5 (4.7) - 7 (2.5)
  Grade II 26 (17.0) 37 (34.9) 10 (52.6) 73 (26.3)
  Grade III 125 (81.7) 64 (60.4) 9 (47.4) 198 (71.2)
Tumor Size* – n, (%) 0.09
  T1a/cT1b 21 (13.7) 17 (16.0) 2 (10.5) 40 (14.4)
  T1c 38 (24.8) 27 (25.5) 5 (26.3) 70 (25.2)
  T2 65 (42.5) 32 (30.2) 11 (57.9) 108 (38.9)
  T3/T4 15 (9.8) 9 (8.5) 1 (5.3) 25 (9.0)
  Unknown tumor size 14 (9.2) 21 (19.8) - 35 (12.6)
Nodal Status* – n, (%) 0.01
  N0 124 (81.1) 76 (71.7) 10 (52.6) 210 (75.5)
  N1/N2 29 (18.9) 30 (28.3) 9 (47.4) 68 (24.5)
Biologic Subtype* – n, (%) < 0.001
  ER + HER2- 38 (25.9) 65 (69.9) 12 (63.2) 115 (44.4)
  HER2+ 7 (4.8) 5 (5.4) 1 (5.3) 13 (5.0)
  TNBC 102 (69.4) 23 (24.7) 6 (31.6) 131 (50.6)
Treatment Approach – n, (%) 0.01
  Primary/upfront surgery 92 (57.5) 96 (73.9) 10 (52.6) 198 (64.1)
  Neoadjuvant systemic therapy 68 (42.5) 34 (26.2) 9 (47.4) 111 (35.9)
Index Breast Surgery – n, (%) 0.31
  Breast conserving surgery 79 (50.3) 60 (46.9) 8 (42.1) 147 (48.4)
  Unilateral mastectomy 18 (11.5) 26 (20.3) 4 (21.1) 48 (15.8)
  Bilateral mastectomy 60 (38.2) 42 (32.8) 7 (36.8) 109 (34.9)
Adjuvant Radiotherapy – n, (%) 0.49
  Yes 85 (53.1) 78 (60.0) 11 (57.9) 174 (56.3)
  No 75 (46.9) 52 (40.0) 8 (42.1) 135 (43.7)
Adjuvant Endocrine Therapy – n, (%) < 0.001
  Yes 33 (20.6) 61 (46.9) 9 (47.4) 103 (33.3)
  No 127 (79.4) 69 (53.1) 10 (52.6) 206 (66.7)

Table 1  Demographic and clinical differences between BRCA1/2 and PALB2 patients with breast cancer (n = 309)
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a mammographically-detected abnormality (29.1% vs. 
22.2%) relative to those with pre-diagnostic awareness 
(p < 0.001).

Pre-diagnostic awareness was associated with a signifi-
cantly higher use of bilateral mastectomy at index surgery 
(56.3% vs. 29.6%, p < 0.001) and lower use of adjuvant 

radiation (34.7% vs. 62.9%, p < 0.001). In those with pre-
diagnostic awareness, chemotherapy was less likely to 
be administered for treatment of an index breast cancer 
(59.7% vs. 74.3%, p = 0.02). Adjuvant endocrine therapy 
(22.2% vs. 36.7%, p = 0.02) was also less common in those 
with pre-diagnostic awareness.

Table 2  Clinical and demographic factors associated with chemotherapy receipt in BRCA1/2 and PALB2 carriers with operable breast 
cancer (n = 309)
Characteristic Cohort Proportion receiving chemotherapy

No. (%) % p-value
Germline Pathogenic Variant (GPV) – n, (%) < 0.001
  BRCA1 160 (51.8) 80.6
  BRCA2 130 (42.1) 56.9
  PALB2 19 (6.2) 84.2
Age at Index Breast Cancer Diagnosis – n, (%) 0.040
  <30 years 29 (9.4) 84.6
  30–40 years 91 (29.5) 72.4
  40–50 years 91 (29.5) 74.4
  50–60 years 63 (20.4) 54.7
  60 + years 35 (9.5) 11.3
Biopsy Histology – n, (%) < 0.001
  Ductal carcinoma in situ (DCIS) 31 (10.3) 0.0
  Invasive ductal carcinoma 228 (73.8) 84.2
  Invasive lobular carcinoma 12 (3.9) 66.7
  Other/unknown 38 (12.3) 50.0
Histologic Grade* < 0.001
  Grade I 7 (2.5) 14.3
  Grade II 73 (26.3) 69.9
  Grade III 198 (71.2) 84.3
Biologic Subtype* – n, (%) 0.006
  HR + HER2- 92 (43.6) 73.9
  HER2+ 12 (5.7) 91.7
  TNBC 108 (50.9) 90.0
Tumour Size* – n, (%) < 0.001
  cT1a-b 36 (13.0) 50.0
  cT1c 66 (23.7) 87.9
  cT2 104 (37.4) 96.2
  cT3-T4 23 (8.3) 95.7
  Unknown 49 (17.6) 42.9
Nodal Status* – n, (%) < 0.001
  cN0 210 (75.5) 72.3
  cN1-N2 68 (24.5) 98.5
ER + HER2- estrogen receptor positive, HER2-negative, HER2 + HER2-positive, TNBC Triple negative breast cancer

*Reported for invasive breast cancer cases only

Characteristic BRCA1
(n = 160)

BRCA2
(n = 130)

PALB2
(n = 19)

P-value Total
(n = 309)

Any Chemotherapy Receipt† – n, (%) < 0.001
  Yes 129 (80.6) 74 (56.9) 16 (84.2) 219 (70.9)
  No 31 (19.4) 56 (43.1) 3 (15.8) 90 (29.1)
ER + HER2- estrogen receptor positive, HER2-negative, GPV Germline pathogenic variant, HER2 + HER2-positive, TNBC Triple negative breast cancer

*Reported for invasive breast cancer cases only
†Includes neoadjuvant or adjuvant chemotherapy

Table 1  (continued) 
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Discussion
In our study of 309 affected BRCA1/2 and PALB2 carriers 
with operable breast cancer, the receipt of chemotherapy 
following an index breast cancer diagnosis was 70% over-
all but varied from 57% in BRCA2 carriers to upwards 
of 80% in BRCA1 and PALB2 carriers. In the setting of 
early-stage, T1N0 disease, we found that 79% of BRCA1 
carriers still underwent chemotherapy, largely due to 
more aggressive tumor biology with TNBC.

The biologic differences between BRCA1 and BRCA2-
associated breast cancers have been well established in 
the literature, with data on PALB2 continuing to evolve 
[3, 17, 18]. Germline pathogenic variants in these three 
genes are associated with a greater than 8-fold odds of 
TNBC relative to women with sporadic breast cancer 
[17, 19, 20], although among BRCA2 and PALB2 carri-
ers, ER + HER2- breast cancer is still the most common 
biologic subtype. Data from the BRIDGES study suggest 
that protein truncating variants in BRCA2 and PALB2 
are associated with a 17–22% and 11–13% absolute risk 
of developing low and high-grade ER + HER2- breast can-
cer, respectively, and a 7–9% lifetime risk of developing 
TNBC by age 80. In contrast, protein truncating variants 
in BRCA1 have a 22% lifetime risk of ER + HER2- breast 
cancer but a 40% lifetime risk of developing TNBC by age 
80 [17]. 

Although we found that BRCA1-associated breast can-
cers were more likely to be early-stage and node-negative 
at presentation, they were also more likely to receive che-
motherapy due to a higher prevalence of TNBC. Current 
guidelines recommend consideration of chemotherapy 
for triple-negative tumors greater than 5 mm and endorse 
its use for all TNBC beyond 1 cm (T1cN0 disease) [5, 21, 

22]. The use of chemotherapy – including neoadjuvant 
chemotherapy– for stage I TNBC has increased over 
time, reflecting changes in the treatment paradigms for 
high-risk biologic subtypes [23, 24]. In our subgroup 
analysis of 89 T1N0 breast cancers, 56% of BRCA1-
associated cases were TNBC compared to only 18% of 
BRCA2 and PALB2-associated cases. Although similar 
treatment patterns were seen within biologic subtypes of 
T1N0 disease regardless of germline pathogenic variant 
(85–90% of T1N0 TNBC patients received chemotherapy 
compared to 52–60% of ER + HER2- breast cancers), the 
higher prevalence of TNBC in BRCA1 carriers resulted 
in 80% of BRCA1 patients receiving chemotherapy for 
stage I breast cancer overall. Thus, unaffected BRCA1 
patients who undergo high-risk screening with the goal 
of early detection should be counselled around the high 
likelihood of requiring chemotherapy if diagnosed with a 
breast cancer, even if detected at early stages.

As has been shown in other studies [11, 25, 26], we 
found that pre-diagnostic awareness of a germline 
pathogenic variant in BRCA1/2 and PALB2 was associ-
ated with a stage-shift towards smaller, node-negative 
tumors at diagnosis, with a significantly lower pro-
portion receiving chemotherapy (60% vs. 74%) and 
endocrine therapy (22.2% vs. 36.7%) relative to those 
undergoing genetic testing after a diagnosis of breast 
cancer. In a recent study by Hadar et al. that included 
105 BRCA1/2 germline pathogenic variant carriers diag-
nosed with breast cancer, pre-diagnostic awareness of 
their BRCA1/2 status was similarly associated with ear-
lier detection with higher rates of stage 0-I disease (86% 
vs. 39%, p < 0.001) as well as lower rates of chemotherapy 
receipt (29% vs. 79%, p < 0.001) [11]. In another study by 

Fig. 2  Chemotherapy receipt amongst (a) BRCA1 and (b) BRCA2/PALB2 carriers with T1N0 invasive breast cancer (n=89). ER+HER2- estrogen receptor 
positive, HER2-negative; HER2+ HER2-positive; TNBC Triple negative breast cancer
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Characteristic Awareness of GPV prior to BC 
diagnosis (n = 72)

Genetic testing after BC diagnosis
(n = 237)

P-value

Age at First Breast Cancer Diagnosis – n, (%) 0.27
  <30 years 5 (6.9) 24 (10.1)
  30–40 years 22 (30.6) 69 (29.1)
  40–50 years 16 (22.2) 75 (31.7)
  50–60 years 17 (23.6) 46 (19.4)
  60 + years 12 (16.7) 23 (9.7)
Family History in a 1st or 2nd degree relative – n, (%)
  Breast Cancer 56 (77.8) 159 (67.1) 0.08
  Ovarian Cancer 27 (37.5) 56 (23.6) 0.02
  Pancreatic Cancer 5 (6.9) 32 (13.5) 0.13
  Male Breast Cancer 7 (7.9) 8 (3.8) 0.17
Germline Pathogenic Variant – n, (%) 0.18
  BRCA1 44 (61.1) 116 (49.0)
  BRCA2 25 (34.7) 105 (44.3)
  PALB2 3 (4.2) 16 (6.8)
Screening MRI – n, (%) < 0.001
  Yes 57 (79.2) 3 (1.3)
  No 15 (20.8) 234 (98.7)
Method of Breast Cancer Detection – n, (%) < 0.001
  Clinical abnormality/palpable mass 8 (11.1) 166 (70.0)
  Mammographically-detected abnormality 16 (22.2) 69 (29.1)
  MRI-detected abnormality 44 (61.1) 2 (0.84)
  Occult breast cancer on risk-reducing mastectomy 4 (5.6) -
Histology – n, (%) 0.53
  Ductal carcinoma in situ (DCIS) 10 (13.9) 21 (8.9)
  Invasive ductal carcinoma 53 (73.6) 175 (73.8)
  Invasive lobular carcinoma 2 (2.8) 10 (4.2)
  Other/unknown 7 (9.7) 31 (13.1)
Histologic Grade* – n, (%) 0.40
  Grade I 3 (4.8) 4 (1.9)
  Grade II 15 (24.2) 58 (26.9)
  Grade III 44 (71.0) 154 (71.3)
Tumor Size* – n, (%) 0.002
  T1a/T1b 17 (27.4) 19 (8.8)
  T1c 14 (22.6) 52 (24.1)
  T2 15 (24.2) 89 (41.2)
  T3/T4 4 (6.5) 19 (8.8)
  Unknown tumor size 12 (19.4) 37 (17.1)
Nodal Status* – n, (%) 0.02
  N0 54 (87.1) 156 (72.2)
  N1/N2 8 (12.9) 60 (27.8)
Biologic Subtype* – n, (%) 0.37
  ER + HER2- 29 (46.8) 105 (48.6)
  TNBC 32 (51.6) 99 (45.8)
  HER2+ 1 (1.6) 12 (5.6)
Treatment Approach – n, (%) 0.17
  Primary/upfront surgery 51 (70.8) 147 (62.0)
  Neoadjuvant systemic therapy 21 (29.2) 90 (38.0)
Index Breast Surgery – n, (%) < 0.001
  Breast conserving surgery 21 (29.6) 126 (54.1)
  Unilateral mastectomy 10 (14.1) 38 (16.3)
  Bilateral mastectomy 40 (56.3) 69 (29.6)

Table 3  Clinicopathologic and treatment characteristics in BRCA1/2 and PALB2 patients with breast cancer based on pre-diagnostic 
awareness of germline pathogenic variant (n = 309)
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Bernstein-Molho et al. of 225 Israeli BRCA1/2 carriers, 
chemotherapy was recommended in 51% of known car-
riers with pre-diagnostic awareness compared to 80% 
of latent carriers who underwent genetic testing during 
oncological treatment or follow up (p < 0.001) [25]. The 
method of breast cancer detection was also dramatically 
different between these two groups, with 58% of known 
carriers having breast cancer diagnosed by MRI screen-
ing, compared to the majority (65%) of latent carriers 
presenting with a self-detected palpable mass, the latter 
of which was more likely to be node-positive (48.5% vs. 
11.5%, p < 0.001). Results from our study show similar 
patterns of detection, with 61% of known carriers pre-
senting with an MRI-detected abnormality compared to 
those without awareness of their germline pathogenic 
variant, of which 70% presented with a clinical abnor-
mality, typically in the form of a palpable mass. It is also 
notable that no patients with pre-diagnostic awareness 
in our study presented with stage IV disease. Recent 
data from the Hereditary Breast Cancer Clinical Study 
Group support a survival benefit of MRI in unaffected 
BRCA1/2 carriers partaking in MRI surveillance pro-
grams [2]. In their study of 1756 women, Lubinski et 
al. found that the risk of breast cancer mortality at 20 
years was 3.2% for those undergoing MRI surveillance 
compared to 14.9% for those who did not. Notably, this 
appeared to be driven largely by an 80% reduction in 
breast cancer related deaths in BRCA1 carriers, whereas 
there was no statistically significant effect of MRI on 
reducing mortality in those with BRCA2 pathogenic 
variants.

In addition to enabling enhanced surveillance and 
access to preventive strategies, early awareness of a germ-
line pathogenic variant in BRCA1/2 or PALB2 vastly 
influences surgical decision making when a patient is 
diagnosed with breast cancer. In the current study, 72 
(23.3%) of patients underwent genetic testing prior to 

their breast cancer diagnosis, whereas 105 (34.0%) had 
testing and result disclosure after diagnosis but before 
index breast surgery, and the remaining 132 (42.7%) 
underwent testing and/or result disclosure after index 
surgery. The high proportion of patients who were 
unaware of their germline pathogenic variant at the time 
of surgery likely contributed to the high breast conserv-
ing surgery rate of 48.4%, as those lacking knowledge of 
their genetics status had a 76% rate of breast conserva-
tion compared to only 28.6% in those aware of their car-
rier status. By contrast, women in our study who were 
aware of their BRCA1/2 or PALB2-positive status prior 
to diagnosis underwent bilateral mastectomy as their 
index breast surgery in 56% of cases.

Similar to other studies [27, 28], we have previously 
shown that preoperative result disclosure increases 
uptake of bilateral mastectomy by 70% and reduces 
the need for adjuvant radiation in a large percentage 
of carriers who forgo breast conserving treatment for 
therapeutic mastectomy [29]. Several guidelines cur-
rently support consideration of unilateral therapeutic 
and contralateral risk reducing mastectomy as a treat-
ment option for affected BRCA1/2 and PALB2 carriers, 
although breast conserving therapy remains reasonable 
for eligible patients who desire this approach [30–32]. As 
mainstream genetic testing efforts that streamline result 
disclosure are more widely implemented, better informed 
local therapy decisions are expected to be cost-effective 
and will increase the opportunity for surgical prevention 
[33–35]. 

Data on treatment and chemotherapy receipt in 
PALB2 carriers who develop breast cancer remains 
sparse, in large part because of the more recent discov-
ery and characterization of PALB2 as a breast cancer 
susceptibility gene and the relative rarity of pathogenic 
variants in PALB2 - seen in only 0.2–0.5% of invasive 
breast cancers [19, 36] - compared to BRCA1/2 [4, 14, 

Characteristic Awareness of GPV prior to BC 
diagnosis (n = 72)

Genetic testing after BC diagnosis
(n = 237)

P-value

Adjuvant Radiation – n, (%) < 0.001
  Yes 25 (34.7) 149 (62.9)
  No 47 (65.3) 88 (37.1)
Adjuvant Endocrine therapy – n, (%) 0.02
  Yes 16 (22.2) 87 (36.7)
  No 56 (77.8) 150 (63.3)
Any Chemotherapy Receipt† – n, (%)  0.02
  Yes 43 (59.7) 176 (74.3)
  No 29 (40.3) 61 (25.7)
ER + HER2- estrogen receptor positive, HER2-negative, GPV Germline pathogenic variant, HER2 + HER2-positive, MRI magnetic resonance imaging, TNBC Triple 
negative breast cancer

*Reported for invasive breast cancer cases only
†Includes neoadjuvant or adjuvant chemotherapy

Table 3  (continued) 
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37]. Single-institution series from the United States sug-
gest bilateral mastectomy uptake is approximately 60% 
in PALB2 carriers [38], while studies from population-
based data that combine PALB2 with other non-BRCA 
carriers such as those with moderate penetrance vari-
ants in ATM and CHEK2 report expectedly lower bilat-
eral mastectomy rates of 43% [39]. In our study, PALB2 
was associated with a 37% likelihood of bilateral mas-
tectomy at index breast cancer surgery, but this did not 
account for women undergoing risk reducing surgery 
during follow-up. The available literature also suggests 
that PALB2-associated breast cancers are biologically 
aggressive, with TNBC diagnosed in approximately 
one third of breast cancer cases [4, 37]. In the remain-
ing PALB2 affected carriers with HR + HER2- breast 
cancer, higher 21-gene recurrence scores (similar to 
that of BRCA2 carriers) have been reported, suggesting 
that tumor biology and chemotherapy response is likely 
similar between these groups [6]. In our study, PALB2 
carriers were more likely to require chemotherapy rela-
tive to BRCA2 carriers, however analyses were based on 
a small number of only 19 PALB2-cases and were likely 
underpowered; therefore, further data on this subgroup 
are needed.

Our study has several additional limitations related 
to its retrospective cohort design and prolonged period 
of study between 2002 and 2022, during which indica-
tions for chemotherapy were changing. Furthermore, we 
lacked information on the rationale for chemotherapy 
decisions by treating oncologists, and as stated above, 
the PALB2 subgroup was limited. For the patients with 
pre-diagnostic awareness, we did not collect informa-
tion on long-term adherence to high-risk MRI screen-
ing, nor did we have information on participation and 
adherence to provincial mammographic screening pro-
grams, which begin at 50 years old in Canada, for those 
with post-diagnostic awareness. Despite the stated limi-
tations, our study is one of the first to evaluate PALB2 
germline pathogenic variant carriers and to our knowl-
edge is one of the largest in the reported literature to 
address the topic of chemotherapy receipt in those with 
pre-diagnostic awareness of their germline pathogenic 
variant status.

Our results suggest a 55–80% likelihood of receiving 
chemotherapy for BRCA1/2 breast cancer and provide 
early estimates for patients with PALB2-associated dis-
ease. Furthermore, while these data support the value 
of pre-diagnostic awareness and high-risk screening to 
detect cancers early and reduce the need for chemother-
apy, they also suggest that BRCA1/2 and PALB2 carriers 
should be counseled around the greater than 60% likeli-
hood of requiring chemotherapy even if diagnosed with 
early-stage disease. Decision tools and counseling that 

extend beyond survival outcomes and incorporate esti-
mates around the need for chemotherapy will remain 
important for unaffected carriers considering preven-
tive options in the future. Additional studies that evalu-
ate the interaction between premenopausal risk reducing 
salpingo-oophorectomy, hormone-replacement therapy, 
and endocrine prevention on subsequent breast cancer 
development, tumor biology, and chemotherapy receipt 
would also be valuable for women considering risk-man-
agement strategies.
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