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ARTICLE INFO ABSTRACT

Keywords: Background: Current guidelines for the treatment of human epidermal growth factor receptor 2-negative
Breast.caﬂcer susceptibility gene 1 or 2 (HER2-) advanced breast cancer (ABC) are informed by tumor characteristics and include platinum- and non-
Hereditary breast cancer —platinum-based chemotherapy, chemotherapy plus immunotherapy, endocrine monotherapy, or endocrine

poly(adenosine diphosphate-ribose) polymer-

ase inhibitors therapy plus a targeted therapy. In addition, poly(adenosine diphosphate-ribose) polymerase inhibitors (PARPi)

Real-world have recently demonstrated improved clinical and patient-reported outcomes and manageable toxicity profiles

Safety compared with chemotherapy in patients with germline breast cancer susceptibility gene 1 or 2 (§BRCA1/2)-

Treatment patterns mutated HER2— ABC in clinical trials and are now approved to treat this patient population. This study provides
complementary real-world data regarding treatment patterns, adverse events, and physician-reported treatment
satisfaction in this population.
Methods: This retrospective analysis using the Adelphi Real World ABC Disease Specific Programme in the United
States, European Union, and Israel included patients aged >18 years receiving therapy for stage IIIb or IV
gBRCA1/2-mutated HER2— ABC. Oncologists completed a patient record form detailing patient demographics,
clinical assessments, and treatment history and a survey regarding their use of and satisfaction with treatments.
Results: Among the 543 patients, mean age was 55 years, 25% were premenopausal, 70% had hormone receptor—
positive (HR+) ABC, and 30% had triple-negative breast cancer (TNBC). PARPi were used in 5%, 11%, and 12%
of first-line, second-line, and third-line therapies, respectively, for patients with HR+ ABC; for TNBC, percentages
were 18%, 44%, and 36%. Across treatment lines, neutropenia, anemia, and nausea occurred in 16%, 24%, and
32% of patients receiving PARPI, respectively; 22%, 38%, and 33% of patients receiving platinum chemotherapy;
and 20%, 20%, and 33% of patients receiving non-platinum-based chemotherapy. Physician satisfaction was
highest with PARPi and with chemotherapy plus immunotherapy.
Conclusions: Findings in this real-world population complement clinical trial observations and provide further
support for treatment of patients with PARPi in gBRCA1/2-mutated HER2— ABC.

1. Introduction the leading cause of cancer deaths among women, accounting for
approximately 2.1 million diagnoses and approximately 630,000 deaths
Breast cancer (BC) is the most frequently diagnosed cancer type and worldwide in 2018 [1]. Advanced breast cancer (ABC) is defined as
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locally advanced (stage IIIb/c) or metastatic (stage IV) disease. In the
United States and Europe, approximately 5%-10% of all patients with
BC present with metastatic disease, and approximately 30% of patients
diagnosed with early-stage BC progress to ABC [2-5]. ABC is generally
incurable; the goals of treatment are to extend survival without
impacting quality of life and improve disease-related symptoms [4].

Breast cancer is categorized into subtypes according to tumor char-
acteristics, including hormone receptor (HR) status and human
epidermal growth factor receptor 2 (HER2) overexpression, which
support treatment decisions [6,7]. About two-thirds of BCs are HR
positive (HR+), 13%-20% are HER2 positive, and 12% are classified as
triple-negative BC (TNBC) [8-10]. Another factor that impacts BC risk
and treatment options is the presence of germline mutations in BC sus-
ceptibility gene 1 or 2 (gBRCA1/2mut). These mutations occur in
approximately 5% of BC cases overall and account for approximately
30% of hereditary BCs [11-14]. Individuals with gBRCA1/2mut face
substantial lifetime BC risk, estimated at 60%-70% [11,15-17]. Ac-
cording to guidelines, the choice of systemic therapy depends on various
tumor and patient characteristics. Tumor characteristics include endo-
crine receptor and HER2 status and, for TNBC, programmed death
ligand 1 (PD-L1) expression. Other factors that inform treatment de-
cisions include disease-free interval from the end of adjuvant therapy,
receipt of prior therapies (including presence/absence of persistent
toxicities), duration of disease control on prior lines of therapy, sites of
metastases, comorbidities, and patient preferences. [18,19] Determi-
nation of tumor biomarkers is therefore essential for individual and
targeted use of a given therapy.

Current preferred regimens for HER2— ABC include chemotherapy,
chemotherapy plus immunotherapy for PD-L1-positive TNBC, and
platinum-based chemotherapy for select patients with gBRCA1/2mut
TNBC; for HR+ disease, preferred regimens are endocrine monotherapy
or endocrine therapy plus a targeted therapy [20]. For patients with
HER2— ABC and a gBRCAl/2mut, treatment with poly(adenosine
diphosphate-ribose) polymerase inhibitors (PARPi) has also been
approved in the United States and European countries based on findings
from the OlympiAD [21] and EMBRACA [22] trials, and their use is
endorsed by international guidelines [23,24]. The OlympiAD and
EMBRACA trials demonstrated improvements in progression-free sur-
vival outcomes and patient-reported outcome measures in patients with
HER2- ABC with gBRCA1/2mut who received olaparib or talazoparib,
respectively, compared with patients who received physician’s choice of
chemotherapy (capecitabine, vinorelbine, eribulin, or, in EMBRACA
only, also included gemcitabine) [21,22,25]. In the trials, PARPi were
generally well tolerated, and approximately 98% and 97% of patients
who received PARPi or chemotherapy, respectively, experienced any
adverse events (AEs) [21,22,25]. Grade >3 AEs were reported in 37%
and 51% of patients who received PARPi or chemotherapy, respectively,
in OlympiAD; grade 3/4 AEs were reported in 26% and 25% of patients
in EMBRACA [21,26]. The most common AEs associated with PARPi
were anemia, neutropenia, thrombocytopenia, nausea, vomiting, and
fatigue [21,22,25].

Although the importance of real-world evidence is widely acknowl-
edged [27-29], limited information is available regarding the use of
PARPi in the real-world clinical setting. Patients included in clinical
trials represent a small, often nonrepresentative percentage of the target
population for a given drug due to strict eligibility criteria (eg, elderly
patients or patients with comorbidities are often excluded). Patients
treated in the real-world setting may therefore differ from those in
clinical trials in numerous ways, including treatment adherence.

Information on how frequently PARPi (or other treatments) are
prescribed for patients with gBRCA1/2-mutated HER2— ABC, as well as
the AEs experienced by this patient population and overall satisfaction
with selected treatments, would be valuable to clinicians when making
evidence-based, individualized treatment decisions. To our knowledge,
no study has characterized the current multinational treatment land-
scape for patients with gBRCA1/2-mutated HER2— ABC. This study
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therefore aimed to assess real-world physician-reported treatment pat-
terns, AEs experienced by patients, and physician-reported satisfaction
with treatment in adult patients with gBRCA1/2-mutated HER2— ABC
in the United States, 4 EU nations (EU4; ie, Germany, France, Italy, and
Spain), and Israel.

2. Methods
2.1. Study design and data source

Data were drawn from the Adelphi Real World ABC Disease Specific
Programme (DSP™) during October 2019-March 2020 in the United
States, EU4, and Israel. DSPs are large, multinational, point-in-time
studies conducted in clinical practices that describe disease burden,
disease management strategies, and responses to treatment as assessed
by treating physicians [30].

Medical oncologists evaluating >5 patients with ABC per month, and
who were personally responsible for making treatment decisions, were
recruited by local fieldwork teams. Physicians provided patient record
forms (PRFs) for the next 8 eligible patients: 4 patients receiving first-
line advanced treatment and 4 receiving second- or later-line
advanced treatment. Eligible patients were >18 years of age with
stage I1Ib or IV HER2— BC receiving therapy for ABC at the time of data
collection. Patients who were participating in a clinical trial at the time
of data collection were excluded from this study. Physicians were asked
to oversample patients with a gBRCA1/2mut and invited to complete up
to 4 additional PRFs for patients who fit the eligibility criteria and had a
confirmed gBRCA1/2mut. Patients with unknown HR status, a somatic
BRCA1/2mut, or unknown BRCA1/2mut status were excluded from the
analysis. Physicians were asked to designate the sample used for testing,
and, if reported as done on blood, saliva, or buccal samples, this infor-
mation was used to confirm that BRCA1/2mut testing was germline. For
US-based patients, this was also verified by obtaining the name of the
laboratory where the testing was performed; data for laboratory
confirmation of test type was not available for the EU4 and Israel
(Fig. 1). The PRF included detailed questions regarding patient de-
mographics, clinical assessments, clinical outcomes, AEs experienced at
the time of data collection among treated patients, treatment history,
and physician-rated satisfaction with treatment. The treating physician
completed the survey using patient medical records as well as clinical
judgement and diagnostic skills, consistent with the decision-making
process during routine clinical practice. Physicians also completed an
online survey that included questions related to their patient manage-
ment and treatment use and perceptions.

Data were aggregated and de-identified before receipt by Adelphi
Real World, and all patients provided informed consent for use of these
data for research and scientific publications. This research was approved
by the Western Institutional Review Board (study protocol AG8643).
Data collection was undertaken in line with European Pharmaceutical
Marketing Research Association guidelines [31] and, as such, did not
require ethics committee approval. Surveys were administered in
accordance with relevant legislation at the time of data collection,
including the US Health Insurance Portability and Accountability Act of
1996 [32] and the Health Information Technology for Economic and
Clinical Health Act [33].

2.2. Therapy categories

Physicians recorded the current treatment and line of therapy for
each patient. Therapies included platinum-based chemotherapy (all
platinum-based therapies [ie, carboplatin and cisplatin] alone or in
combination with non-platinum-based chemotherapies), non-plat-
inum-based chemotherapy (ie, all non-platinum-based chemotherapies
alone or in combination with each other only), chemotherapy plus
immunotherapy (ie, any chemotherapy in combination with an immu-
notherapy/checkpoint inhibitor [all chemotherapies were non-
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Patients with HER2— ABC

(n=2,929)

BRCA1/2

Testing status 5=t

BRCA1/Z2mut

(n=1,697)

Germline BRCA1/2
mutation

(n=543)

BRCA1/2
Testing results

Not BRCA1/2mut
tested

(n=1,232)

Germline BRCA1/2 wildtype
and germline BRCA1/2 unknown
(including not BRCA1/2mut tested)

(n=2,386)

Fig. 1. BRCA1/2mut status testing. ABC = advanced breast cancer; BRCA1/2mut = breast cancer susceptibility gene 1 or 2 mutation; HER2— = human epidermal

growth factor receptor 2 negative.

platinum]), PARPi (ie, olaparib and talazoparib monotherapy),
endocrine-based therapy (ie, all endocrine regimens [except endocrine
monotherapy] plus a targeted agent defined as a cyclin-dependent ki-
nase 4/6 [CDK4/6] inhibitor, mechanistic target of rapamycin [mTOR]
inhibitor, or phosphoinositide 3-kinase catalytic subunit alpha
[PIK3CA] inhibitor, or any chemotherapy), endocrine monotherapy,
and other therapies (ie, therapies not classified by the above categories,
such as PARPi plus immunotherapy, vascular endothelial growth factor
[VEGF] inhibitor, CDK4/6 inhibitor, immunotherapy, mTOR inhibitor,
and PIK3CA inhibitor monotherapies, and chemotherapy plus the
following: mTOR inhibitor, VEGF inhibitor, CDK4/6 inhibitor, aroma-
tase inhibitor [AI], Al plus VEGF inhibitor, PARPi, and selective estrogen
receptor modulator [all chemotherapies were non-platinum]).

2.3. Statistical analysis

Descriptive summary statistics including means, standard deviations,
medians, and ranges were calculated for continuous variables. Fre-
quency counts and percentages were calculated for categorical
variables.

Current treatment details are reported by treatment line (first, sec-
ond, or third) and hormone receptor status (ie, HR+/HER2— or TNBC).
AEs experienced by patients at the time of data collection and physician-
rated satisfaction with treatment are reported by current treatment type.

Data were entered online using electronic forms, and the design and
logic within the online system did not allow for variables to be left blank
or skipped. For any remaining missing values, patients were removed
from all analyses where that variable was used. There was no imputation
of missing data. Analyses were performed using Stata v16.1 or later
(StataCorp, College Station, TX, USA).

3. Results
3.1. Study participation and patient characteristics

A total of 192 physicians participated in the study (United States, 24;
EU4, 129; Israel, 39). Collectively, these physicians reported data from
543 patients with gBRCA1/2-mutated HER2— ABC. Table 1 shows the
demographic and clinical characteristics for the overall population and
stratified by the treatment type received. Overall, mean (SD) patient age
was 55.1 (12.9) years, and 25% of patients were premenopausal. Twenty
percent of patients were currently employed; 19% were on long-term
sick leave, and 70% had HR+/HER2— ABC and 30% had TNBC.
Eighty-five percent of patients had a BRCAI mutation, and 57% had a
BRCAZ2 mutation. At collection, 85% of patients had stage IV ABC and
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78% had an Eastern Cooperative Oncology Group performance status
(ECOG PS) of 0 or 1 (Table 1).

3.2. Treatment patterns

Among the 381 patients with HR+/HER2— ABC, 375 had treatment
by line of therapy data available. Endocrine-based treatments were the
most common across all lines of therapy, comprising 45%, 37%, and
35% of first-, second-, and third-line therapies, respectively (Fig. 2). The
percentage of patients with HR+/HER2— ABC treated with PARPi
increased from 5% (first line) to 11% (second line) and 12% (third line);
similar treatment patterns were observed for chemotherapy, which
increased from 17% to 13% in the first and second lines, respectively, to
31% in the third line. By contrast, among patients with TNBC, the most
common treatments differed by line of therapy (Fig. 2). Platinum-based
chemotherapy and other therapies were most frequently used as first-
line therapies, at 27% and 22%, respectively. PARPi was used in the
first-line at 18%. The most common second-line therapy in patients with
TNBC was PARPi (44%), followed by non-platinum-based chemo-
therapy (25%); the most common third-line therapy was platinum-based
chemotherapy (45%) followed by PARPi (36%; Fig. 2). In patients with
TNBC, the variety of treatment options narrowed with subsequent
therapy lines, with third-line therapy consisting only of platinum-based
chemotherapy, non-platinum-based chemotherapy, or PARPi (Fig. 2).

Among the HR+/HER2— ABC patients receiving endocrine-based
therapy or endocrine monotherapy as a second-line therapy, the most
common therapy received as a first-line treatment was endocrine mon-
otherapy (Fig. 3A). Among those receiving non-platinum-based
chemotherapy as a second-line therapy, the most common therapy
received as the first-line treatment was also non-platinum-based
chemotherapy. Of the 18 patients receiving PARPi as a second-line
therapy, the most common therapy received as the first-line therapy
was endocrine-based therapy. Of the 9 HR+/HER2— ABC patients
receiving endocrine-based therapy as a third-line treatment, the most
common therapy received as a second-line treatment was endocrine-
based therapy. Among the 26 patients with TNBC receiving non-plat-
inum-based chemotherapy as a second-line therapy, the most common
therapy received as the first-line treatment was also non-platinum-
based chemotherapy (Fig. 3B). Of the 27 patients with TNBC receiving
PARPi as a second-line therapy, the most common therapies received as
a first-line therapies were either non-platinum-based or platinum-based
chemotherapy. Of the 11 patients with TNBC receiving a third-line
therapy, all had received non-platinum-based chemotherapy as a
second-line therapy (Fig. 3B). At the time of data collection, for both
HR+/HER2— ABC and TNBC patients, a relatively large number of the
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Table 1
Patient demographics and clinical characteristics”.
Patients (N Platinum- Non-Platinum- Chemotherapy + PARPi Endocrine-Based Endocrine Other (n
= 543) Based (n = 45) Based (n = 80) Immunotherapy (n = 11) (n=79) Therapy (n = 159) Monotherapy (n = = 84)
85)
Age,y
Mean (SD) 55.1 (12.9) 51.4 (13.0) 53.1 (13.5) 46.9 (9.9) 52.4 56.7 (12.4) 60.8 (13.6) 53.7
(11.2) (12.1)
Median (IQR) 56.0 (45.0, 51.0 (44.0, 54.5 (41.0, 46.0 (40.0, 58.0) 52.0 57.0 (48.0, 69.0) 64.0 (51.5, 72.0) 53.5
66.0) 60.0) 65.8) (42.0, (44.0,
61.0) 65.0)
Ethnic origin
White 334 (62) 38 (84) 59 (74) 8(73) 54 (68) 108 (68) 27 (32) 40 (48)
Other 209 (38) 7 (16) 21 (26) 3(27) 25 (32) 51 (32) 58 (68) 44 (52)
Ashkenazi Jewish heritage
Yes 107 (20) 3@ 12 (15) 2(18) 15(19) 24 (15) 25 (29) 26 (31)
No 400 (74) 36 (80) 62 (78) 9(82) 64 (81) 126 (79) 48 (56) 55 (65)
Unknown 36 (7) 6 (13) 6(8) 0 (0) 0(0) 9(6) 12 (14) 34
Employment status
Working full-/part- 109 (20) 9 (20) 17 (21) 6 (55) 25 (32) 31 (19) 6 (7) 15(18)
time
On long-term sick 105 (19) 16 (36) 16 (20) 3(27) 19 (24) 25 (16) 8(9) 18 (21)
leave
Homemaker 149 (27) 8 (18) 21 (26) 2(18) 16 (20) 47 (30) 30 (35) 25 (30)
Student 7 (1) 1(2) 2(3) 0(0) 1M 2(1) 0 (0) 1M
Retired 112 (21) 7 (16) 14 (18) 0 (0) 12 (15) 44 (28) 19 (22) 16 (19)
Unemployed 38 (7) 2(4) 8 (10) 0(0) 4(5) 74 10 (12) 7(8)
Unknown 23 (4) 2(4) 2(3) 0 (0) 2(3) 3(2) 12 (14) 2(2)
Menopausal status
Premenopausal 136 (25) 13 (30) 27 (34) 5 (45) 24 (31) 22 (14) 19 (23) 26 (31)
Family history of BRCA-related cancer
Yes 346 (64) 22 (49) 43 (54) 5 (45) 60 (76) 103 (65) 53 (62) 60 (71)
No 171 (31) 21 (47) 33 (41) 6 (55) 18 (23) 53 (33) 18 (21) 22 (26)
Unknown 26 (5) 24 4 (5) 0 (0) 1) 32 14 (16) 2(2)
BRCA1/2 mutation status
BRCA1 mutation 459 (85) 38 (84) 66 (83) 10 (91) 63 (80) 138 (87) 76 (89) 68 (81)
BRCA2 mutation 311 (57) 20 (44) 41 (51) 4 (36) 37 (47) 97 (61) 60 (71) 52 (62)
Hormone receptor status
HR+/HER2— 381 (70) 11 (24) 48 (60) 2(18) 32 (41) 152 (96) 78 (92) 58 (69)
Triple-negative 162 (30) 34 (76) 32 (40) 9(82) 47 (59) 7 (4) 7 (8) 26 (31)
breast cancer
AJCC stage at diagnosis
0-IIla 269 (50) 13 (29) 44 (55) 4 (36) 46 (58) 72 (45) 46 (54) 44 (52)
Ib-1V 273 (50) 32 (71) 36 (45) 7 (64) 33 (42) 87 (55) 39 (46) 39 (46)
AJCC stage at time of data collection
Ib 33 (6) 37 11 (14) 0 (0) 10 (13) 3() 2(2) 4(5)
Illc 47 (9) 1(2) 9(11) 0 (0) 709 9(6) 10 (12) 11 (13)
v 463 (85) 41 (91) 60 (75) 11 (100) 62 (78) 147 (92) 73 (86) 69 (82)
ECOG PS score at time of data collection
0 132 (24) 15(33) 24 (30) 5 (45) 18 (23) 49 (31) 10 (12) 11 (13)
1 293 (54) 22 (49) 42 (53) 5 (45) 52 (66) 69 (43) 51 (60) 52 (62)
2 92 (17) 6 (13) 13 (16) 109 8 (10) 26 (16) 18 (21) 20 (24)
3 12 (2) 1(2) 0 (0) 0 (0) 11 7 (4) 34) 0(0)
4 14 (3) 1(2) 1(1) 0 (0) 0(0) 8(5) 34 1(1)

AJCC = American Joint Committee on Cancer; BRCA = breast cancer susceptibility gene; ECOG PS = Eastern Cooperative Oncology Group performance status; HER2—
= human epidermal growth factor receptor 2 negative; HR+ = hormone receptor positive; IQR = interquartile range; PARPi = poly(adenosine diphosphate-ribose)

polymerase inhibitors.
@ All data are n (%) unless specified otherwise.

patients remained on their first- or second-line treatments (Fig. 3A and
B). We note that while all current treatment information was known,
some patients had unknown line information (e.g. number of lines
received) and therefore these were excluded from the treatment
overview.

3.3. Adbverse events experienced at data collection

Table 2 shows AEs experienced by therapy type and median days on
treatment across all lines of therapy at the time of data collection. Me-
dian days on treatment was relatively high (493 days) for patients
receiving endocrine monotherapy. Compared to the patients receiving
non-platinum-based chemotherapy (median days on treatment 163),
the median days on treatment were relatively low for patients receiving
platinum-based chemotherapy (84 days) and PARPi therapy (96 days).
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The most common AEs experienced by patients who were currently
receiving treatment with chemotherapy were anemia, neutropenia, and
nausea, which occurred in 38%, 22% and 33% of patients, respectively,
treated with platinum-based chemotherapy and 20%, 20% and 33% of
patients treated with non-platinum-based chemotherapy. When strati-
fied by line of therapy, among the most common AEs experienced by
patients receiving platinum-based chemotherapy were also anemia,
neutropenia, and nausea, which occurred in 38%, 22% and 38% of first-
line patients and 83%, 50% and 33% of second-line patients (Supple-
mentary Tables S1 and S2). The most common AEs experienced by
patients receiving non-platinum-based chemotherapy as a first-line
therapy were nausea (42%), anemia (26%), and neutropenia (26%),
and as a second-line therapy were nausea (27%), joint/muscle pain
(21%), alopecia (15%), and neutropenia (15%; Supplementary
Tables S1 and S2).
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Fig. 2. Proportion of patients receiving treatment by line of therapy and hormone receptor status. CT = chemotherapy; HR+ = hormone receptor positive;
HER2— = human epidermal growth factor receptor 2 negative; PARPi = poly(adenosine diphosphate-ribose) polymerase inhibitors; TNBC = triple-negative

breast cancer.
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Fig. 3. Sankey diagrams illustrating the sequence of therapies patients received. The sequence of the first through third lines of therapy for patients with HR+/
HER2- advanced breast cancer (A) and TNBC (B). CT + IO = chemotherapy plus immunotherapy; EBT = endocrine-based therapy; endocrine = endocrine mon-
otherapy; PARPi = poly(adenosine diphosphate-ribose) polymerase inhibitors; TNBC = triple-negative breast cancer. *First- or second-line patients are patients that

remain on their first- or second-line of therapy, respectively.

Anemia was also the second most common AE experienced by pa-
tients who were currently receiving treatment with PARPi (24% of pa-
tients); neutropenia occurred in 16% of these patients (Table 2). When
stratified by line of therapy, anemia was common in patients receiving
PARPi as a second- or third-line therapy (both 29%) but occurred in only
12% of patients as first-line therapy (Supplementary Tables S1-S3).
Nausea was the most common AE experienced by patients receiving
PARPi, occurring in 32% of patients overall (Table 2), including 44% of
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first-line and 31% of second-line treated patients (Supplementary
Tables S1 and S2).

Nausea was also the most common AE experienced by patients
receiving endocrine-based therapy (28%), endocrine monotherapy
(35%), and other therapies (37%; Table 2). The second most common AE
experienced by patients receiving endocrine-based therapy was fatigue
(25%) and by patients receiving endocrine monotherapy was vomiting
(22%; Table 2). Neutropenia was relatively common in patients
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Table 2
All current adverse events experienced by >10% of patients with HER2— ABC with germline BRCA1/2 mutations.
Adverse Event, n (%) Chemotherapy PARPi n Endocrine-Based Endocrine Other n
Platinum-Based Non-Platinum- Chemotherapy + =79 Therapy n =159 Monotherapy n = 85 =84
n=45 Based n = 80 Immunotherapy n = 11
Arthralgia 0 (0) 34 2 (18) 10(13) 9 (6) 1M 34
Joint/muscle pain 2(4) 10 (13) 2(18) 4(5) 15 (9) 13 (15) 15 (18)
Myalgia 3 4 (5) 0(0) 11 (14) 7 (4) 22 8 (10)
Anemia® 17 (38) 16 (20) 109 19 (24) 18 (11) 78 10 (12)
Neutropenia® 10 (22) 16 (20) 2(18) 13 (16) 30 (19) 6 (7) 9(11)
Low platelet count 5(11) 3(4) 109 9(11) 0 (0) 1) 2(2)
Diarrhea 4(9) 10 (13) 109 12 (15) 20 (13) 8(9) 13 (15)
Loss of appetite 5(11) 12 (15) 2(18) 15 (19) 20 (13) 10 (12) 15 (18)
Nausea 15 (33) 26 (33) 109 25(32) 45 (28) 30 (35) 31(37)
Vomiting 6 (13) 10 (13) 0(0) 17 (22) 23 (14) 19 (22) 19 (23)
Alopecia 9 (20) 13 (16) 0(0) 1() 4(3) 2(2) 16 (19)
Asthenia 10 (22) 709) 0(0) 10 (13) 17 (11) 4 (5) 5(6)
Disturbed sleep 1(2) 2(3) 109 7 (9) 3(2) 4 (5) 2(2)
Fatigue 5(11) 12 (15) 4 (36) 14 (18) 39 (25) 12 (14) 13 (15)
Weight loss 4(9) 9(11) 1(9) 5(6) 5(3) 6(7) 5(6)
Median days on 84 (0, 3249) 163 (4, 4316) 73 (28, 465) 96 (4, 153 (2, 2471) 493 (3, 2827) 154 (6,
treatment (min, max) 2857) 3275)

ABC = advanced breast cancer; BRCA1/2 = breast cancer susceptibility gene 1 or 2; HER2— = human epidermal growth factor receptor 2 negative; PARPi = poly
(adenosine diphosphate-ribose) polymerase inhibitors.
# Anemia and neutropenia were not defined on the patient record questionnaire.

Platinum-based CT (n=45)

Non-platinum-based CT (n=80)

CT + immunotherapy (n=11) 4.09
PARPi monotherapy (n=79)
Endocrine-based therapy (n=159)
Endocrine monotherapy (n=85)
Other (n=84)
I T T T 1
1.00 2.00 3.00 4.00 5.00
Very Very
dissatisfied satisfied

Mean Physician Satisfaction Score
Fig. 4. Physician satisfaction with current therapy. Physicians were asked which of the following best describes their satisfaction with the current treatment for

this patient’s ABC on a scale of 1 (very dissatisfied) to 5 (very satisfied). Mean physician satisfaction scores are shown. Error bars represent 95% confidence intervals.
ABC = advanced breast cancer; CT = chemotherapy; PARPi = poly(adenosine diphosphate-ribose) polymerase inhibitors.
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receiving endocrine-based therapy, occurring in 24% and 15% of pa-
tients as first- and second-line therapy, respectively (Supplementary
Tables S1 and S2). Fatigue was the most common AE experienced by
patients receiving chemotherapy plus immunotherapy (36%), although
there were few patients in this group (n = 11), limiting interpretation of
this observation.

3.4. Physician satisfaction

Fig. 4 shows physician satisfaction with each of the treatments across
all patients. Overall, physicians reported being least satisfied with
platinum-based chemotherapy and non-platinum-based chemotherapy,
with mean satisfaction scores of 3.53 (95% CI, 3.34-3.72) and 3.60
(3.46-3.74), respectively, on a scale of 1 (very dissatisfied) to 5 (very
satisfied). The 2 therapies that physicians were most satisfied with were
chemotherapy plus immunotherapy (4.09 [3.62-4.56]) and PARPi
therapy (3.99 [3.85-4.13]).

4. Discussion

The safety and efficacy of PARPi in patients with gBRCA1/2-mutated
ABC have been established in randomized controlled trials [21,22,25].
In this retrospective analysis of data from the Adelphi Real World DSP,
we evaluated patient demographic and clinical characteristics, treat-
ment patterns, AEs experienced, and physician-rated satisfaction with
treatment in a real-world population of physicians and their patients
with HER2— ABC.

In comparing these real-world data with those obtained during
pivotal phase 3 clinical trials, it is important to note that the patients in
this study were older (median age, 56 years) at the time of data
collection compared with the median ages of patients in the OlympiAD
study [21] (44 and 45 years for those treated with olaparib and
chemotherapy, respectively) and EMBRACA study [22] (45 and 50 years
for those treated with talazoparib and chemotherapy). Additionally, the
percentage of patients with an ECOG PS score of 0 was 24% in the
current study, whereas corresponding percentages were 72% and 64%
in the olaparib- and chemotherapy-treated groups, respectively, in
OlympiAD and 53% and 58% in the talazoparib- and
chemotherapy-treated groups in EMBRACA [21,22]. Such differences
between clinical trial populations and real-world populations highlight
the importance of understanding therapeutic treatment patterns and
efficacy in routine clinical practice.

Among all patients in the current study, 276 patients received first-
line therapy, 224 received second-line therapy, and few had third-line
therapy (n = 37). In OlympiAD, patients were eligible if they had un-
dergone <2 lines of chemotherapy for metastatic disease, and, in
EMBRACA, eligibility was limited to <3 lines; as such, the number of
lines of therapy received in the current study was on par with both of
these trials.

In examining treatment patterns, we found that endocrine therapies
(endocrine-based and endocrine monotherapies) were the most common
in patients with HR+/HER2— ABC across all lines; used in 62%, 63%
and 47% of first-, second-, and third-line patients, respectively. Among
patients with HR+/HER2— ABC, chemotherapy use of any type was
relatively low as a first- or second-line treatment, 17% and 13% of pa-
tients, respectively, but increased to 31% in the third line. PARPi was
less commonly used for patients with HR+/HER2— ABC (5%, 11% and
12% in first, second, and third lines, respectively). Among patients with
TNBC, platinum-based chemotherapy was the most common therapy in
first- and third-line patients, while non-platinum based chemotherapy
was the most common therapy in the second-line patients. Endocrine
therapies were used in first- and second-line TNBC therapy, but in fewer
than 10% of patients. It is unclear why a small proportion of patients
with TNBC received endocrine therapy. It is possible that the estrogen
receptor status of these patients had changed during the course of
treatment; however, we did not capture this information for verification.
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Among second-line therapies in patients with TNBC, PARPi were used at
the highest rate (44%), which was higher than the rate of all chemo-
therapies (ie, platinum, non-platinum and chemotherapy plus immu-
notherapy; 36%). In the third-line setting in these patients, PARPi were
used at a rate of 36% and chemotherapies (all combined) at 63%.
However, the use of PARPi in the first-line was low at 18%. Chemo-
therapy in combination with immunotherapy was rarely used in patients
with HR+/HER2— ABC, and in TNBC patients was used in only 8% of
first-line patients and 3% of second-line patients.

Grade >3 AEs were reported in 37% and 51% of patients who
received PARPi or chemotherapy, respectively, in OlympiAD; grade 3/4
AEs were reported in 26% and 25% of patients in EMBRACA. In the
current observational study, AE grades were not standardized across the
different sites/countries and thus could not be provided.

In this study, the AEs experienced by patients at the time of data
collection with PARPi and chemotherapies were generally consistent in
type but somewhat less frequent than those reported in clinical trials.
According to a recent meta-analysis of the OlympiAD and EMBRACA
trials, an occurrence of any AE was reported in 98% of patients treated
with PARPi and 97% of patients treated with chemotherapy [25].
Nausea and anemia were the 2 most common AEs observed in patients
treated with PARPi in both the clinical trials and in this study but were
more frequent in the clinical trials (53% and 48%, respectively) [25]
than in this study (32% and 24%). Neutropenia was the most common
AE associated with chemotherapy in the meta-analysis of the OlympiAD
and EMBRACA trials, reported at a rate of 46% of the patients receiving
chemotherapy and 32% of patients receiving PARPi [25]. In this study,
neutropenia was the second most common AE in patients receiving non-
platinum-based chemotherapy, occurring at a rate of 20%, and was re-
ported in 16% of patients receiving PARPi. Fatigue was also relatively
common among patients in the clinical trials, reported at rates of 41%
and 35% in patients receiving PARPi and chemotherapy. In this study
fatigue occurred at rates of 18% and 15% in patients receiving PARPi
and chemotherapy, respectively.

Although direct comparisons of AEs experienced by patients between
different treatments was not performed in this study, we do note com-
parable rates of hematologic and gastrointestinal toxicities experienced
by patients receiving platinum-based-chemotherapy and PARPi ther-
apy. Anemia, nausea, fatigue, and loss of appetite were experienced by
38%, 33%, 11% and 11%, respectively, of patients receiving platinum-
based-chemotherapy and 24%, 32%, 18% and 19% of patients receiving
PARP;.

Not surprisingly, given that hormonal therapy is generally better
tolerated than chemotherapy, physician satisfaction was higher with
endocrine therapy than with chemotherapy (both platinum and non-
platinum-based). Physician satisfaction with PARPi therapy, which was
routinely used as a second- or third-line therapy in patients with TNBC,
was higher than with platinum-based and non-platinum-based che-
motherapies. The relatively high satisfaction with PARPi likely reflects
tolerability and efficacy in patients with HER2— ABC, as observed in
clinical trials.

Our findings should be interpreted considering some limitations.
Patients selected from the database may not be representative of the
general population of patients with BRCA1/2-mutated HER2— ABC,
potentially limiting external validity. Patients who visit their physician
more frequently, and therefore might be more likely to be included in
this study, may be more severely affected. Also, the DSP is not based on
true random samples of physicians or patients, and identification of the
target patient group is based on physician judgement, not a formalized
diagnostic checklist. Additionally, not all countries had access to PARPi
at the time of data collection, which may have influenced physicians’
choice of therapy. Furthermore, point-in-time designs do not allow for
the determination of causal relationships, such as between specific
treatments and observed AEs; however, the identification of associations
is possible. As with all retrospective studies, recall bias might have
affected participant respondents. Also, AEs are not systematically
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collected in accordance with a study protocol in real-world studies and
as such may be underreported; however, underreporting would be
across all respondents. Because AEs were assessed at the time of data
collection, they cannot be directly attributed to drug treatment. In
addition, physicians reported that 85% and 57% of patients had BRCA1
and BRCA2 mutations, respectively. These data suggest that about 40%
of patients had both BRCA1 and BRCA2 mutations; however, the rate of
BRCA1 and BRCA2 co-mutation among patients with a BRCA mutation is
around 1-2%. Thus, it is likely many physicians did not distinguish
between BRCA1 and BRCA2 mutations and incorrectly reported/
selected both mutations on the PRF. Finally, physician reported muta-
tion testing in blood was used as a proxy for germline BRCA1/2mut
testing. Because blood is used as a source material for testing of circu-
lating tumor DNA, it cannot be verified that all testing done on blood
samples was germline testing only. Despite such limitations, real-world
studies play an important role in highlighting areas of concern that are
not addressed and in identifying treatment patterns, outcomes, and AEs
that are not represented, in clinical trials.

5. Conclusions

Based on the efficacy and tolerability of PARPi demonstrated in
clinical trials, treatment of patients with gBRCA1/2-mutated ABC with
PARPi was approved in the United States and European countries, and
international guidelines recommend their use [23,24]. In this real-world
population of patients with gBRCA1/2-mutated HER2— ABC from the
United States, the EU4, and Israel, PARPi use is reflected in real-world
care, especially in TNBC in the second and third line. However, owing
to the efficacy and tolerability of PARPi and the high level of physician
satisfaction with their use, there is still potential for their increased use
for patients with TNBC and HR+/HER2— to avoid or postpone chemo-
therapy use. Overall AE rates reported during treatment with PARPi
were similar to rates in patients treated with chemotherapies, although
they were somewhat lower than rates reported in clinical trials. With the
exception of chemotherapy in combination with immunotherapy,
physician-reported satisfaction with PARPi treatment was higher than
with any other type of therapy. Our findings provide further support for
the added value of treatment with PARPi in patients with gBRCA1/2--
mutated HER2— ABC.
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