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Clinical characteristics,
treatment patterns, and
outcomes in adult patients with
germline BRCA1/2-mutated,
HER2-negative advanced breast
cancer: a retrospective medical
record review in the
United States
Elias Obeid1*†, Rohan C. Parikh2, Elizabeth Esterberg2,
Bhakti Arondekar3, Abigail Hitchens2, Lillian Shahied Arruda4,
Alexander Niyazov5 and Kristen Whitaker1†

1Clinical Genetics, Fox Chase Cancer Center, Philadelphia, PA, United States, 2Health Economics, RTI
Health Solutions, Research Triangle Park, NC, United States, 3Pfizer Inc., Collegeville, PA, United
States, 4Pfizer Inc., Department of US Oncology Medical Affairs, New York, NY, United States, 5Pfizer
Inc., Department of HTA, Value and Evidence, New York, NY, United States
Aim: To examine clinical characteristics, real-world treatment patterns, and

health outcomes among patients with germline BRCA1/2-mutated, human

epidermal growth factor receptor 2 (HER2)–negative advanced breast

cancer (ABC).

Methods: A retrospective analysis was conducted using medical records from

patients with HER2-negative ABC with BRCA1/2 mutation who received

cytotoxic chemotherapy. Data were stratified into groups with triple-negative

breast cancer (TNBC) or hormone receptor–positive (HR+)/HER2-negative

diagnoses. Time-to-event outcomes (i.e., real-world progression-free survival

[rwPFS] and overall survival [OS]) were calculated to summarize health outcomes.

Results: When diagnosed with ABC, most patients were younger than 60 years

(mean age = 57.3 years), were white (76.4%), and had a family history of BRCA-

related cancer (71.5%). A total of 305 patient records were examined; 194 patients

(63.6%) had advanced TNBC, and 111 patients (36.4%) had HR+/HER2-negative

ABC. Chemotherapy was primarily used as first-line treatment for both

subgroups, but the TNBC subgroup received poly (ADP-ribose) polymerase

(PARP) inhibitors at triple the rate as a second-line treatment and double the

rate as a third-line treatment compared with the HR+/HER2-negative subgroup.

Two-year OS rates were similar between the TNBC (73.9%) and the HR+/HER2-

negative subgroups (77.0%), and anemia, nausea, and neutropenia were the most

commonly reported toxicities across all treatments.
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Conclusion: Clinicians should consider the use of targeted agents such as PARP

inhibitors in earlier lines of therapy for ABC given the growing evidence that PARP

inhibitors may improve PFS compared with chemotherapy while potentially

offering a more manageable toxicity profile and improved quality of life.
KEYWORDS

metastatic breast cancer, BRCA1/2 gene mutations, poly (ADP-ribose) polymerase
(PARP) inhibitors, human epidermal growth factor receptor 2 (HER2)-negative,
hormone receptor-positive (HR+), triple-negative breast cancer (TNBC)
Introduction

In the United States (US), 1 in 8 women will be diagnosed with

breast cancer during their lifetime (1), and among those, 1 in 3 will

develop metastatic disease (2, 3). The overall 5-year survival rate for

women with localized or regional nonmetastatic breast cancer is

approximately 86%-99%, but for those with metastatic breast

cancer, the 5-year survival rate drops substantially to 29% (4).

Women with a genetic predisposition, such as those with a germline

mutation in the BRCA1/2 genes, have a significantly higher lifetime

risk of developing breast cancer. Further, the cumulative lifetime

risk of breast cancer for women who carry the BRCA1/2 genes was

estimated to be 72% for women who carry the BRCA1 gene and 69%

for women who carry the BRCA2 gene, and women who had either

BRCA1 or BRCA2 mutations carried greater risk for developing

breast cancer if they had a family history (5). BRCA1/2 mutations

have been shown to impact not only breast cancer risk but also

breast cancer outcomes. Women with a BRCA1 mutation and a

breast cancer diagnosis have reduced time to progression and

survival compared with BRCA2 mutation carriers and noncarriers

of BRCA1/2 mutations (6). Additionally, treatment benefits from

therapies such as adjuvant chemotherapy have been shown to be

higher in patients without the BRCA1/2 genetic mutations

compared with patients with the mutations (7).

Treatment for advanced breast cancer (ABC) is often tailored

based on clinical stage, tumor histology, biomarker expression,

prior therapy, and patient performance status (8). Treatment in

earlier stages of breast cancer may include surgical resection, breast-

conserving surgery, mastectomy (simple or double mastectomy,

and modified radical mastectomy), or radiation therapy in women

with BRCA1/2 mutation (9, 10). Historically, chemotherapy and/or

endocrine therapy were the cornerstone of systemic treatment for

patients with human epidermal growth factor receptor 2 (HER2)–

negative ABC, but the treatment landscape is changing because of

the recent introduction of therapies into the treatment paradigm.

Recently, therapies such as poly (ADP-ribose) polymerase (PARP)

inhibitors were approved in the US for the treatment of germline

BRCA1/2-associated ABC (11–14). PARP inhibitors have been

shown to improve the progression-free survival (PFS) compared

with chemotherapy in patients with germline BRCA1/2-mutated,
02
HER2-negative locally advanced and/or metastatic breast cancer

(12, 15–17). Data from previous studies and the PRAEGNANT

registry, which examines genetics and other molecular biomarkers

in individuals with metastatic breast cancer, indicate that

approximately 5% of patients with metastatic breast cancer carry

germline BRCA1/2 mutations (18, 19) and thus could potentially

derive benefit from a PARP inhibitor. The optimal treatment

sequencing in this population has not yet been established.

Patient characteristics, prescribing patterns, diverse health care

systems, and variable access to care in the clinical practice setting

differ from controlled clinical trial environments, which can cause

variation in real-world outcomes for patients with germline BRCA1/

2 mutations.

In this analysis, clinical characteristics, real-world treatment

patterns, and health outcomes among patients with germline

BRCA1/2-mutated, HER2-negative ABC in the US were evaluated

in order to contextualize the results of relevant clinical trials and

determine the extent of unmet need among these patients in the

routine clinical-practice setting.
Materials and methods

Study design

This study was a noninterventional, retrospective medical

record review of adult patients with HER2-negative ABC and

germline BRCA1/2 mutations who received cytotoxic

chemotherapy. The RTI International Institutional Review Board

determined that this study was not human subjects research

(STUDY00020382), as the data were unidentifiable. ABC was

defined as locally advanced breast cancer that was not amenable

to curative radiation or surgery, or as metastatic disease. The sample

was further stratified into two groups consisting of patients with

advanced triple-negative breast cancer (TNBC) and patients with

hormone receptor–positive (HR+)/HER2-negative ABC. Data

describing patient and clinical characteristics, treatment patterns,

and health outcomes were abstracted directly by eligible oncologists.

A purposive, quasi-random sampling method was employed

through the selection of medical records for patients whose last
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names began with a randomly generated letter. The inclusion

criteria for oncologists, inclusion criteria for medical records, and

exclusion criteria for medical records are presented in Table 1.

Medical record abstraction occurred from July 2019 to May 2020,

which allowed for extraction of follow-up data (when available)

until May 2020.
Demographics and clinical characteristics

Demographic characteristics, including primary medical

specialty, primary practice setting, and geographic region of

practice, were collected for the recruited oncologists. For eligible

patients, demographic data, as well as baseline clinical

characteristics related to their initial breast cancer diagnosis and

the diagnosis of ABC, were collected from medical records. Patient

demographic data included sex, race, and family history of a BRCA-

related cancer. Baseline clinical characteristics included age and

Eastern Cooperative Oncology Group (ECOG) performance status

at ABC diagnosis.
Treatment patterns

Data measures related to the treatment of breast cancer were

collected before and after diagnosis of ABC (Figure 1). Treatment

choices before the diagnosis of ABC included neoadjuvant

treatment(s), surgery, adjuvant chemotherapy, adjuvant targeted

therapy/biologics, adjuvant hormonal therapy, and radiation
Frontiers in Oncology 03
therapy. Types of treatment approaches, along with total number

of systemic lines, collected after diagnosis of ABC included surgery,

chemotherapy, targeted therapy/biologics, hormonal therapy, and

radiation therapy.
Health outcomes

Health outcomes included time-to-event estimates (i.e., real-

world PFS [rwPFS], overall survival [OS]) and prespecified

treatment-related toxicities. Dates of progression and death (i.e.,

whether the patient died during the follow-up period and whether

the death was related to breast cancer) were documented. Time-to-

event estimates were calculated from the date of ABC diagnosis and

the start of each treatment line (received after ABC diagnosis).

Several treatment-related hematological (i.e., anemia, neutropenia,

thrombocytopenia) and nonhematologic toxicities (i.e., hand-foot

syndrome [or palmar-plantar erythrodysesthesia], nausea,

vomiting) commonly observed in clinical trials and real-world

studies (10, 20) were documented for each treatment line received

after diagnosis of ABC.
Statistical analysis

Measures were summarized descriptively through tabular and

graphical display of mean values, medians, ranges, and standard

deviations for continuous variables of interest and frequency

distributions for categorical variables. Time-to-event outcomes

(i.e., rwPFS, OS) were calculated using Kaplan-Meier methods.

All analyses were conducted using SAS (version 9.4 or higher)

statistical software. This study was descriptive, with the primary

goal of retrospectively summarizing existing treatment patterns and

patient outcomes.
Results

Demographics and clinical characteristics

A total of 97 oncologists provided abstraction of 305 medical

records of adult patients with germline BRCA1/2-mutated, HER2-

negative ABC. The majority were medical oncologists (62.9%) and

practiced in a private hospital or clinic (48.5%) (Supplementary

Table 1). The geographic locations were approximately evenly

distributed among the Southern (30.9%), Northeastern (26.8%),

Midwestern (21.7%), and Western US (20.6%).

Patient demographics and clinical characteristics are presented

in Table 2. Of the 305 included medical records, 194 (63.6%) patients

had advanced TNBC and 111 (36.4%) patients had HR+/HER2-

negative ABC. The median age at ABC diagnosis for the overall

patient population with germline BRCA1/2-mutated, HER2-negative

ABC was 57.3 (range, 33.3-79.8) years. Similar median ages at ABC

diagnosis were found for the TNBC (57.2 years) and HR+/HER2-

negative (58.2 years) subgroups. There was one male patient in the

TNBC subgroup. The overall group was mostly white (76.4%); this
TABLE 1 Inclusion/Exclusion criteria.

Inclusion criteria for physician data abstractors

▪ Practicing oncologists or hematologist-oncologists
▪ Treated at least 1 patient with ABC with a BRCA mutation in the 24 months
before data abstraction
▪ Acted as main decision maker regarding ABC treatment or follow-up

Inclusion criteria for medical records

▪ Female or male patients aged > 18 years with germline BRCA1/2-mutated,
HER2-negative ABC (i.e., local ABC that was not amenable to curative radiation
or surgical cure or metastatic breast cancer), living or deceased at the time of
data abstraction
▪ Initiated > 1 cytotoxic chemotherapy (single agent or combination) for
advanced disease (any line of therapy) from January 1, 2013, to April 30, 2018a

▪ Use of nonchemotherapy-based treatments as first-line treatment for
advanced disease was permitted

Exclusion criteria for medical records

▪ Patients with evidence of other malignant neoplasms except:
▪ Nonmelanoma skin cancer
▪ Carcinoma in situ
▪ BRCA mutation carrier with a prior history of ovarian or fallopian tube

cancer that was cured before initial breast cancer diagnosis
▪ Prior nonbreast cancer diagnosis from which the patient had been disease-

free for > 5 years)
▪ Patients who participated in a clinical trial related to treatment of ABC
ABC, advanced breast cancer; BRCA, germline breast cancer gene; HER2, human epidermal
growth factor receptor 2.
aLimiting the latest index date to April 2018 allowed a follow-up opportunity of >12 months
(data collection started in July 2019) and therefore mature data.
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composition decreased for the TNBC subgroup (71.7%) and

increased for the HR+/HER2-negative subgroup (84.7%). The

percentages of patients of Ashkenazi Jewish ancestry were similar

across the overall group (11.5%), the TNBC subgroup (12.9%), and

the HR+/HER2-negative subgroup (9.0%). The percentages of

patients with no known family history of a BRCA-related cancer

were 24.6%, 27.8%, and 18.9% for the overall group, the TNBC

subgroup, and the HR+/HER2-negative subgroup, respectively. The

percentage of patients with an ECOG performance status of 0 or 1 at

ABC diagnosis was 74.6% for the overall group, 70.2% for the TNBC

subgroup, and 83.2% for the HR+/HER2-negative subgroup.
Treatment patterns

For both the TNBC (Figure 2) and HR+/HER2-negative

(Figure 3) subgroups, first-line treatments were similar, with

chemotherapy being the most commonly used treatment, but

differences in treatments between these subgroups emerged in the

second-line setting and beyond. First-line treatment for the TNBC

subgroup was composed of mostly nonplatinum-based

chemotherapy (60.8%) and platinum-based chemotherapy

(39.2%). In second-line treatment, the TNBC subgroup had

nearly equivalent rates of nonplatinum-based chemotherapy

(40.2%) and PARP inhibitors (42.0%). Third-line treatment in the

TNBC subgroup again had similar rates for nonplatinum-based

chemotherapy (39.1%) and PARP inhibitors (43.5%). In the HR+/

HER2-negative subgroup, first-line treatment consisted of

chemotherapy for 78.4% of patients and endocrine-based therapy

(EBT) for 19.8% of patients. In second-line treatment, most of the

HR+/HER2-negative subgroup received EBT (51.2%), with lower

percentages of chemotherapy (31.0%) and PARP inhibitors (13.1%).

In third-line treatment for the HR+/HER2-negative subgroup,

chemotherapy again became the dominant treatment (50.0%),
Frontiers in Oncology 04
with decreased use of EBT (27.8%) and increased use of PARP

inhibitors (19.4%).
Efficacy and safety outcomes

During the first-, second-, and third-line treatments, rwPFS was

assessed for the TNBC and HR+/HER2-negative ABC subgroups

(Table 3). Among patients with TNBC, the median PFS for first-line

treatment (n = 190) was 11.6 months (95% confidence interval [CI],

9.9-13.6); for second-line treatment (n = 64), the median PFS was

9.0 months (95% CI, 6.2-11.4); and for third-line treatment (n = 26),

the median PFS was 5.9 months (95% CI, 3.5-10.9). Among patients

who were HR+/HER2 negative, the median PFS for first-line

treatment (n = 110) was 12.1 months (95% CI, 9.1-14.3); for

second-line treatment (n = 68), the median PFS was 14.2 months

(95% CI, 10.7-29.5); and for third-line treatment (n = 29), the

median PFS was 6.5 months (95% CI, 4.4-9.2). Overall survival from

index chemotherapy was assessed for the TNBC and HR+/HER2-

negative ABC subgroups (Table 4). Patients in the TNBC subgroup

had a 2-year OS rate of 73.9%, which decreased to 53.1% at 5 years.

The median OS was not estimable during the study follow-up.

Patients in the HR+/HER2-negative subgroup had a 2-year OS rate

of 77.0%, which decreased to 44.2% at 5 years, and a median OS of

45.9 months.

The prespecified treatment-related hematological toxicities and

evidence of hand-foot syndrome, nausea, and vomiting during the

first-, second-, and third-line treatments were documented for the

TNBC and HR+/HER2-negative ABC subgroups (Table 5). For first-

line treatment, the most commonly experienced toxicities for both

the TNBC (n = 190) and HR+/HER2-negative (n = 110) subgroups

were nausea (41.1% and 27.3%, respectively) and anemia (26.3%

and 20.9%, respectively). Toxicities were not documented for 24.7%

of the patients in the TNBC subgroup and 44.6% of patients in the
FIGURE 1

Treatment Pattern Time Period. Patients who were initially diagnosed with advanced breast cancer or were initially diagnosed at an earlier stage and
experienced progression to advanced breast cancer were included in the study.
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HR+/HER2-negative subgroup in the first-line setting. For second-

line treatment, the TNBC subgroup (n = 64) documented anemia

(32.8%) and the HR+/HER2-negative subgroup (n = 68)

documented neutropenia (17.7%) as the most commonly

experienced toxicities. Toxicities were not documented for 32.8%

of the TNBC subgroup and 51.5% of the HR+/HER2-negative

subgroup in the second-line setting. For third-line treatment,

nearly half (44.8%) of the 29 patients in the HR+/HER2-negative

subgroup did not document toxicities, compared with 15.4% of

patients who did not document toxicities in the TNBC subgroup

(n = 26). However, the small sample sizes for third-line treatment

warrant caution in interpretation of the toxicities experienced.
Discussion

The current study involved a relatively large review of medical

records that described the clinical characteristics, treatment

patterns, rwPFS, and OS of adult patients with HER2-negative

ABC with germline BRCA1/2 mutation who had received cytotoxic

chemotherapy. At the time of ABC diagnosis, most patients in this

sample were younger than 60 years (mean age = 57.3 years), were

white (76.4%), and had a family history of BRCA-related cancer

(71.5%). Nearly 25% of the patients who were germline BRCA1/2

mutation carriers in this study had no known family history of

BRCA-related cancers, thus emphasizing the importance of not

limiting BRCA1/2 genetic testing to those who have family history.

Two-year OS rates were similar between the advanced TNBC

subgroup (73.9%) and the HR+/HER2-negative subgroup

(77.0%). Anemia, nausea, and neutropenia were among the most

commonly documented toxicities across all treatment lines,

although some patients had no documentation of experiencing

the prespecified toxicities. Because of our selection criteria,

chemotherapy was primarily used as first-line treatment for both

TNBC and HR+/HER2-negative subgroups. However, compared

with the HR+/HER2-negative subgroup, the TNBC subgroup

received PARP inhibitors at triple the rate in the second-line

setting and double the rate in the third-line setting. The
FIGURE 2

First-, Second-, and Third-Line Treatments Among Patients With Advanced Triple-Negative Breast Cancer. PARPi, poly (ADP-ribose) polymerase inhibitors.
TABLE 2 Demographics and clinical characteristics in patients with
germline BRCA1/2-mutated HER2-negative advanced breast cancer.

Overall
(N = 305)

TNBC
(n = 194)

HR+/HER2−
(n = 111)

Age at ABC
diagnosis, median, y

57.3 57.2 58.2

Sex, n (%)

Female 304 (99.7) 193 (99.5) 111 (100.0)

Male 1 (0.3) 1 (0.5) 0 (0.0)

Race, n (%)a

White 233 (76.4) 139 (71.7) 94 (84.7)

Black/
African American

57 (18.7) 43 (22.2) 14 (12.6)

Asian, Native
Hawaiian, or

other
Pacific Islander

15 (4.9) 12 (6.2) 3 (2.7)

Other 1 (0.3) 1 (0.5) 0 (0.0)

Ashkenazi Jewish
descent, n (%)

35 (11.5) 25 (12.9) 10 (9.0)

Known family
history of a BRCA-
related cancer, n (%)

218 (71.5) 135 (69.6) 83 (74.8)

No known family
history of a BRCA-
related cancer, n (%)

75 (24.6) 54 (27.8) 21 (18.9)

Unsure of family
history of a BRCA-
related cancer, n (%)

12 (3.9) 5 (2.6) 7 (6.3)

ECOG performance
status at ABC
diagnosis, n (%)

276 (90.5) 181 (93.3) 95 (85.6)

0 or 1, n (%) 206 (74.6) 127 (70.2) 79 (83.2)
ABC, advanced breast cancer; BRCA, germline breast cancer gene; ECOG, Eastern
Cooperative Oncology Group; HER2, human epidermal growth factor receptor 2; HR,
hormone receptor; TNBC, triple-negative breast cancer.
a1 patient was reported as White and Asian, Native Hawaiian, or other Pacific Islander.
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introduction of PARP inhibitors for second-line treatment of TNBC

could be linked to the increased proportion of patients who did not

experience toxicities, from 24.7% in the first line to 32.8% in the

second line. The relatively higher use of PARP inhibitors in the

TNBC subgroup compared with the HR+/HER2-negative subgroup

likely reflects that there are limited nonchemotherapy treatment

options for patients with triple-negative disease, whereas patients

with HR+/HER2-negative ABC have other nonchemotherapy-

targeted treatment options, such as CDK4/6 inhibitors, PIK3CA

inhibitors, and mTOR inhibitors, combined with endocrine therapy

that can be utilized in the second and third lines.

Recent clinical trials have demonstrated that the use of PARP

inhibitors—a nonchemotherapy-targeted treatment option—has

significantly improved clinical and patient-reported outcomes

with a manageable side effect profile in patients with HER2-

negative ABC carrying a germline BRCA1/2 mutation (12, 15, 16).

OlympiAD, a phase 3 clinical trial of patients with germline BRCA1/

2-mutated, HER2-negative ABC, showed that a significantly longer

median PFS was observed in patients who received olaparib (7.0

months; n = 205 patients), a PARP inhibitor treatment, compared

with patients who received single-agent chemotherapy (either

capecitabine, eribulin, or vinorelbine), for whom PFS was 4.2

months (n = 97 patients, P < 0.001) (12). Similarly, EMBRACA, a

phase 3 clinical trial of patients with germline BRCA1/2-mutated,

HER2-negative ABC, demonstrated significantly longer median

PFS in patients who received talazoparib (8.6 months; n = 287

patients), a PARP inhibitor treatment, compared with patients who

received 1 of 4 physician’s choice standard chemotherapy options,

for whom PFS was 5.6 months (n = 144, P < 0.001) (15). A safety

analysis using the EMBRACA trial data evaluated the safety profile

of talazoparib in 286 patients compared with chemotherapy in 126

patients with germline BRCA1/2, HER2-negative mutation and

ABC (16). While anemia and nausea were commonly experienced

adverse events, talazoparib participants experiencing these events

had more favorable patient-reported outcomes compared with

participants on chemotherapy.

Therefore, an accumulating body of evidence suggests patients

who receive PARP inhibitors have better PFS, more favorably
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reported outcomes, and fewer instances of discontinuation

secondary to side effects compared with patients treated with

chemotherapy. To date, the sequencing of treatment options,

particularly when to introduce PARP inhibitors into the

treatment of patients with HER2-negative germline BRCA1/2

ABC, has yet to be explored. Targeted therapy with PARP

inhibitors may need to be considered in earlier lines of treatment

in patients with ABC. This consideration is especially relevant

among patients with TNBC whose alternative treatment options

will consist of chemotherapy alone or chemotherapy combined with

immunotherapy, which are associated with significant toxicities and

limited improvement in breast cancer outcomes (i.e., PFS and/

or OS).
Study limitations

This study represents the first dataset to examine real-world

treatment patterns and outcomes exclusively among HER2-negative

patients with germline BRCA1/2-mutated ABC and provides

valuable findings related to how targeted therapies, such as PARP

inhibitors, are being incorporated into real-world practice in this

select patient population. However, given that data abstraction

occurred between July 2019 and May 2020 (maximum follow-up

until May 2020), the incidence of PARP inhibitor therapy may have

changed, and PARP inhibitors might be prescribed more often. A

limitation of this study is that patients selected for study inclusion

represented a purposive sample of medical records obtained from

oncologists who were willing to participate in the study. Therefore,

study findings may not be generalizable to the overall population of

patients with germline BRCA1/2-mutated ABC. To minimize this

limitation and improve generalizability offindings, oncologists were

recruited from a variety of geographic regions and practice types.

Another limitation was that data were limited to medical records to

which oncologists had access. Information on health care services

received outside the physician’s care setting that was not recorded in

the medical record was unavailable for this study (e.g., treatment for

adverse events received through care rather than the abstracting
FIGURE 3

First-, Second-, and Third-Line Treatments Among Patients With HR+/HER2-Negative ABC. ABC, advanced breast cancer; EBT, endocrine-based
therapy; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; PARPi, poly (ADP-ribose) polymerase inhibitors.
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physician specialist). Accordingly, some adverse events may not

have been included because they were reported elsewhere and not

collected in the medical record. Also, while not all known

treatment-related toxicities were evaluated in this study, toxicities

commonly observed in clinical trials and real-world studies were

assessed. Lastly, to homogenize the sample, patients in this study

were required to have initiated at least one cytotoxic chemotherapy
Frontiers in Oncology 07
for ABC, which may have resulted in selection bias and could

be the reason for relatively lower utilization of endocrine or

endocrine-based therapies and PARP inhibitors observed in our

study population.
Key findings

Given the growing evidence that PARP inhibitors may improve

PFS better than chemotherapy while potentially offering a more

manageable toxicity profile and improved quality of life, clinicians

should consider the use of targeted agents such as PARP inhibitors

in earlier lines of therapy for ABC. Further prospective trials
TABLE 3 Progression-free survival during first-, second-, and third-
line treatment.

Advanced
TNBC

Advanced
HR+/HER2−

First-line treatment

na 190 110

PFS, mob

Progressed or died, n (%) 117 (61.6) 63 (57.3)

Time from initiation of treatment (Kaplan-Meier estimate)

Mean (SE) 16.0 (0.9) 13.1 (0.8)

Median 11.6 12.1

95% CI 9.9-13.6 9.1-14.3

Censored, n (%) 73 (38.4) 47 (42.7)

Second-line treatment

na 64 68

PFS, mob

Progressed or died, n (%) 35 (54.7) 37 (54.4)

Time from initiation of treatment (Kaplan-Meier estimate)

Mean (SE) 10.1 (0.9) 28.2 (3.4)

Median 9.0 14.2

95% CI 6.2-11.4 10.7-29.5

Censored, n (%) 29 (45.3) 31 (45.6)

Third-line treatment

na 26 29

PFS, mob

Progressed or died, n (%) 15 (57.7) 24 (82.8)

Time from initiation of treatment (Kaplan-Meier estimate)

Mean (SE) 7.1 (0.9) 6.8 (0.6)

Median 5.9 6.5

95% CI 3.5-10.9 4.4-9.2

Censored, n (%) 11 (42.3) 5 (17.2)
ABC, advanced breast cancer; HER2, human epidermal growth factor receptor 2; HR,
hormone receptor; PFS, progression-free survival; SE, standard error; TNBC, triple-negative
breast cancer.
aNumber of patients who received first-line treatment and for whom progression was assessed.
Progression was not assessed among patients who received poly (ADP-ribose) polymerase
(PARP) inhibitors.
bPhysician-assessed disease progression and death were considered “progression events” for
PFS calculation. Progression events were documented as the reason for stopping the
treatment, best response to treatment, during the treatment, or between the end of
treatment and start of next treatment.
TABLE 4 Overall survival and mortality among patients with germline
BRCA1/2-mutated, HER2-negative advanced breast cancer.

TNBC
(n = 194)

HR+/HER2−
(n= 111)

All-cause from index chemotherapy, mo

Kaplan-Meier estimate

Mean (SE) 36.0 (1.5) 33.7 (1.8)

Median NE 45.9

95% CI 32.5-NE 29.1-NE

Censored, n (%) 134 (69.1) 79 (71.2)

Survival rate, % (SE), mo

12 83.9 (2.6) 88.2 (3.1)

24 73.9 (3.4) 77.0 (4.4)

36 56.9 (5.1) 51.6 (8.0)

48 56.9 (5.1) 44.2 (9.7)

60 53.1 (6.0) 44.2 (9.7)
BRCA, germline breast cancer gene; CI, confidence interval; HER2, human epidermal growth
factor receptor 2; HR, hormone receptor; NE, not estimable; SE, standard error; TNBC, triple-
negative breast cancer.
TABLE 5 Toxicities during first-, second-, and third-line treatment.

Toxicity, n (%)
Advanced
TNBC

Advanced
HR+/HER2−

First-line treatment

Patients initiating treatment (n = 190) (n = 110)

Anemia 50 (26.3) 23 (20.9)

Neutropenia 30 (15.8) 12 (10.9)

Thrombocytopenia 23 (12.1) 9 (8.2)

Hand-foot syndrome 12 (6.3) 3 (2.7)

Nausea 78 (41.1) 30 (27.3)

Vomiting 40 (21.1) 10 (9.1)

No toxicities/
syndrome experienced

47 (24.7) 49 (44.6)

(Continued)
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examining the sequencing of targeted agents in ABC are needed.

Ultimately, the results of this study may contextualize the results of

ongoing clinical trials, inform routine clinical-practice, and improve

patient lives.
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