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Simple Summary: Targeted therapies are increasingly used in patients with early breast cancer and
a high clinical risk of relapse. Patients with clinical high-risk HER2-negative early breast cancer
might be eligible for olaparib treatment. A prerequisite for olaparib treatment is a germline BRCA1/2
mutation. In the clinical routine, patients undergo BRCA1/2 mutation testing if they show family
breast or ovarian cancer history. However, it is not known whether all patients that are potentially
eligible for olaparib treatment are recommended to undergo BRCA1/2 mutation assessment based
on family history. Thus, the aim of this study was to analyze which patients are eligible for olaparib
treatment based on the OlympiA trial and to clarify which of these patients do not undergo BRCA1/2

mutation testing in the clinical routine.

Abstract: Background: Approximately 6% of women with breast cancer carry pathogenic germline
variants in predisposition genes such as BRCA1 and BRCA2. Depending on personal and family
cancer history, it is therefore recommended to test for hereditary breast cancer. Moreover, as shown
by the phase III OlympiA trial, olaparib significantly improves overall survival in patients with
HER?2 negative (HER2—) early breast cancer who (1) carry a BRCA1 or BRCA2 germline mutation
(gBRCA1/2-positive), (2) have received (neo)adjuvant chemotherapy and (3) are at high clinical risk.
The objective of the current analysis was to determine the number of patients with early HER2—
breast cancer who are at high clinical risk, according to the inclusion criteria of OlympiA, and
to estimate how many of these patients would meet the criteria for hereditary cancer testing in a
real-world analysis. Methods: All patients included in this retrospective analysis were treated for
early breast cancer (eBC) at the Department of Gynecology and Obstetrics, Ulm University Hospital,
Germany, and the Department of Women’s Health at Tuebingen University Hospital, Germany,
between January 2018 and December 2020. Patients were identified as high risk, in line with the
clinicopathological determiners used in the OlympiA trial. The criteria of the German Consortium
for Hereditary Breast and Ovarian Cancer were used to identify patients who qualify for hereditary
cancer testing. Results: Of 2384 eligible patients, 1738 patients (72.9%) showed a hormone receptor
positive (HR+)/HER2— tumor biology, 345 patients (14.5%) displayed HER2+ breast cancer and
301 patients (12.6%) suffered from HR-/HER2— breast cancer (TNBC). Of 2039 HER2— breast
cancer patients, 271 patients (13.3%) were at high clinical risk. This cohort encompassed 130 of the
1738 patients with HR+/HER2— breast cancer (7.5%) and 141 of 301 patients with TNBC (46.8%). A
total of 121 of 271 patients (44.6%) with high clinical risk met the criteria for hereditary cancer testing
(34 of 130 (26.2%) HR+/HER2— patients and 87 of 141 (61.7%) patients with TNBC). Conclusion:
Approximately one in ten patients with HR+/HER2—, and half of the patients with TNBC, meet the
high-risk criteria according to OlympiA. Half of these patients do not meet the criteria for hereditary
cancer testing and should therefore be tested for the presence of gBRCA1/2 mutations, irrespective of
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their own or family cancer history. The overall number of patients with early breast cancer benefiting
from olaparib needs to be investigated in future studies.

Keywords: breast cancer; BRCA; olaparib

1. Introduction

Treatment of late-stage breast cancer has been significantly improved by the emergence
of personalized approaches that have extended patients’ lives. These treatment options are
now being used in earlier, curative therapy settings to prevent the emergence of distant
metastatic disease. Although neoadjuvant or adjuvant chemotherapy is still the standard
of care for patients with high-risk early breast cancer, several additional oral treatment
options like abemaciclib, neratinib and olaparib are currently available [1-4]. As shown in
the randomized phase III OlympiA trial, the poly ADP ribose polymerase (PARP) inhibitor
olaparib is effective in patients with HER2-negative (HER2—) early breast cancer (eBC) who
carry germline BRCA1 and BRCA2 mutations in the susceptibility genes BRCA1 and BRCA2
(gBRCA1/2 positive), that have received neoadjuvant or adjuvant chemotherapy and are
at clinical high risk of relapse [5,6]. The intake of 300 mg olaparib twice daily significantly
improved overall survival, with a 3.7% reduction in the risk of death after three years,
alongside a hazard ratio of 0.68 and a 99% confidence interval of 0.44-1.05 [5]. These
results led to the approval of olaparib by the European Medicines Agency for patients
with gBRCA1/2-mutated high-risk hormonal receptor positive (HR+)/HER2— eBC or
triple-negative early breast cancer (TNBC). To estimate the proportion of patients with eBC
who need to undergo gBRCA1/2 testing for olaparib treatment, irrespective of their own
and family cancer history, the aim of this study was to analyze how many patients fulfill
the inclusion criteria of the OlympiA trial and to estimate how many of these patients meet
the criteria for hereditary cancer testing in a real-world analysis.

2. Material and Methods

All patients included in this retrospective analysis were treated for eBC at the De-
partment of Gynecology and Obstetrics, Ulm University Hospital, and the Department of
Women’s Health at Tuebingen University Hospital in Germany between January 2018 and
December 2020. This study was conducted according to the guidelines of the Declaration
of Helsinki and approved by the Ethics Committee of both Tuebingen University Hospital
(protocol code 379/2022BO2) and Ulm University Hospital (protocol code 72/23-FSt. /bal.).
Patients (female and male) were eligible for this retrospective analysis if they underwent
complete surgical resection (RO). If patients were diagnosed with bilateral breast cancer,
the tumor with the worse prognosis was included in the analysis. Hormone receptor (HR)
and HER2 receptor expression were assessed by board-certified pathologists according to
local standards: tumors were defined as HR+ if they had a positive estrogen receptor (ER)
and/or a positive progesterone receptor (PR) expression according to immunohistochem-
istry (>10% for ER, >10% for PR). HER2 immunoreactivity was scored on a scale of 0 to 3+
using the HERCEPT test (DAKO, Glostrup, Denmark). Only tumors with a HER2 score of
3+ or 2+ with detectable HER2 amplification were counted as HER2 positive. Tumors with
a HER?2 score of 1+ or 2+ without detectable HER2 amplification were classified as HER2
low. If no HER2 immunoreactivity could be found (score of 0), tumors were classified as
HER2 0. As a simplified representation, HER2 low and HER2 negative receptor status was
summarized as HER2 negative. HER2 amplification was determined by fluorescence in situ
hybridization using the Pathvysion® Kit (Vysis, Downers Grove, IL, USA) in Tuebingen and
the ZytoMation® ERBB2/CEN 17 Dual Color FISH Probe (Cytovision GmbH, Bremerhaven,
Germany) in Ulm. The CPS-EG score was assessed according to the pre-therapeutic clinical
stage (CS) and the post therapeutic pathological stage (PS), as well as the estrogen recep-
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tor expression (E) and the grading (G) in the neoadjuvant therapy setting as previously
described [7].

According to the inclusion criteria of OlympiA, clinical high risk was defined as
follows [5]: Patients with TNBC treated with neoadjuvant chemotherapy had to display
residual invasive tumor in the histopathological analysis (i.e., no pathological complete
response, pCR). For patients with TNBC who did not receive neoadjuvant chemotherapy,
either pathologic lymph node involvement or a tumor size of at least 20 mm had to be
present. Patients with HR+/HER2— eBC who underwent neoadjuvant chemotherapy also
had to display non-pCR in the histopathological analysis. Additionally, they needed to
exhibit a CPS-EG score of at least three. Patients with HR+/HER2— breast cancer who did
not receive neoadjuvant chemotherapy had to have at least four pathologically involved
lymph nodes.

Patients who qualify for hereditary cancer testing were determined using the crite-
ria of the German Consortium for Hereditary Breast and Ovarian Cancer (GC-HBOC)
(Table S2) [8-11].

Data processing and statistical analyses were performed using Jupyter Notebook
(Version 6.3.0, Project Jupyter, open-access and community developed) on Anaconda
(Version 3.0, Anaconda Inc., Austin, TX, USA), with the Python extension packages pandas
(Version 1.4.1, open-access and community developed) and numeric Python (Version
1.22.2, open-access and community developed). Wondershare EdrawMind (Wondershare
Technology Co. Ltd. Shenzhen, Guangdong, China) was used for designing flow charts
and data visualization.

3. Results

In total, 2384 patients with eBC were included in this retrospective analysis. The most
common tumor subtype was HR+/HER2— (72.9%), followed by HER2+ (14.5%) and TNBC
(12.6%). Since only patients with HER2— eBC were included in the OlympiA study, the
following section will focus on these patients only. Patient characteristics of the whole
study population can be reviewed in Supplementary Table S1.

A total of 1738 patients had an HR+/HER2— tumor, and 301 patients had a triple-
negative tumor biology (Table 1). The average age of patients with HR+/HER2— eBC
was 60.1 £ 12.3 years old. Most patients with HR+/HER2— eBC were postmenopausal
(1203/1738; 69.2%), the most common histology was non-special type (NST; 1360/1738;
78.2%), and the most common grading was G2 (1247/1738; 71.8%). Most patients with
HR+/HER2— eBC had a tumor smaller than 20 mm (1084/1738; 62.3%) and did not display
pathologically involved lymph nodes (1195/1738; 68.8%). Most patients with HR+/HER2—
eBC displayed HER2 low receptor status (1118/1738; 64.3%). Furthermore, most patients
with HR+/HER2— eBC did not receive (neo)adjuvant chemotherapy (1279/1738; 73.6%).
Patients with TNBC were on average 55.6 & 14.9 years old, and approximately half of
the patients were postmenopausal (162/301; 53.8%). The most common histology in
patients with TNBC was NST (275/301; 91.4%), and the most common grading was G3
(238/301; 79.1%). After surgery, 77.8% (234/301) of patients with TNBC who either received
neoadjuvant chemotherapy or primary surgery displayed a tumor size smaller than 20 mm,
and 83.7% (288/301) had no pathologically involved lymph nodes. Most patients with
TNBC displayed HER?2 0 receptor status (182/301; 60.5%). The majority of patients with
TNBC received neoadjuvant chemotherapy (188/301; 62.4%), 72/301 (23.9%) received
adjuvant chemotherapy and only 13.6% (41/301) of the patients with TNBC did not receive
chemotherapy at all.

In total, 271 of 2039 HER2— patients (13.3%) fulfilled the inclusion criteria of the
OlympiA trial for clinical high risk (Figure 1). These included 130 of 1738 (7.5%) patients
with HR+/HER2— breast cancer and 141 of 301 (46.8%) patients with TNBC (Figure 1).
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Table 1. Characteristics of HR+/HER2— and TNBC patients.

HR+/HER2— Percentage TNBC Percentage
n 1738 100 301 100
Age 60.1 +12.3 55.6 + 14.9
Menopausal status
Premenopausal 491 28.2 129 429
Postmenopausal 1203 69.2 162 53.8
Male 3 0.2 0 0
n/a 41 2.4 10 3.3
Histology
NST 1360 78.2 275 91.4
ILC 277 15.9 6 2.0
Other 100 5.8 18 6.0
n/a 1 0.1 2 0.6
Grading
1 214 12.3 0 0
2 1247 71.8 59 19.6
3 275 15.8 238 79.1
n/a 2 0.1 4 1.3
T-stage *
0 43 2.4 108 35.9
1 1041 59.9 126 419
2 540 31.1 52 17.3
3 80 4.6 10 3.3
4 34 2.0 5 1.6
N-stage *
0 1195 68.8 252 83.7
1 415 23.9 36 12.0
2 89 5.1 8 2.7
3 38 21 5 1.6
X 1 0.1 0 0
ER status
+ 1729 99.5 0 0
— 9 0.5 301 100.0
PR status
+ 1447 83.3 0 0
— 291 16.7 301 100.0
HER?2 status
Positive 0 0.00 0 0
Low 1118 64.3 119 39.5
0 620 35.7 182 60.5
Ki67
>20% 580 33.4 279 92.7
<20% 1158 66.6 22 7.3
Chemotherapy
Neoadjuvant 146 8.4 188 62.4
Adjuvant 313 18.0 72 23.9
None 1279 73.6 41 13.6

*T and N stages were assessed after surgery. NST, non-special type; ILC, invasive lobular carcinoma; ER, estrogen
receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative
breast cancer; n/a, not available. Headlines are written in bold.

Table 2 displays the characteristics of 271 patients who fulfilled the clinical high-risk
criteria according to the OlympiA trial. Patients with HR+/HER2— tumor biology had an
average age of 59.0 & 14.1 years, and most of these patients were postmenopausal (90/130;
69.2%). Most HR+/HER2— patients had tumors larger than 20 mm (104/130; 80.0%) and at
least four pathologically involved lymph nodes (111/130; 85.4%). Most patients with high-
risk HR+/HER2— eBC displayed HER2 low receptor status (90/130; 69.2%). Approximately
half of all clinical high-risk HR+/HER2— eBC patients showed a high Ki67 proliferation
index (64/130; 49.2%), and most patients received chemotherapy (31/130 neoadjuvant,
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23.8%; 56/130 adjuvant, 43.1%). A total of 34/130 (26.2%) patients with HR+/HER2—
eBC met the criteria for hereditary cancer testing. Patients with TNBC were on average
57.9 £ 15.2 years old. Most of these patients were postmenopausal (81/141; 57.5%), and
the most common grading was G3 (111/130; 78.7%). Regarding the TNBC patients, 52.5%
(74/141) displayed a tumor size smaller than 20 mm, and 65.3% (92/141) did not have
pathologically involved lymph nodes. Most patients with high-risk TNBC displayed HER2
0 receptor status (86/141; 61.0%). Of these patients, 92.2% (130/141) displayed a high
Ki67 proliferative index, and 85.8% (121/141) of patients received chemotherapy (61.7%
neoadjuvant, 87/141; and 24.1% adjuvant, 34/141). A total of 87/141 (61.7%) patients with
TNBC met the criteria for hereditary cancer testing.

non-pCR CPS-EG >2
Neoadjuvant
pN2-3
HR+/HER2-
TNBC
non-pCR
Neoadjuvant
pN1-3
NO
>T1

Figure 1. Patients fulfilling the OlympiA inclusion criteria: In total, 2384 patients comprised the
study cohort, of whom 1738 patients were HR+/HER2— and 301 patients were triple-negative. A
total of 146 of 1738 HR+/HER2— patients were treated with neoadjuvant chemotherapy. Of these,
119 patients displayed residual invasive tumor after surgery (non-pCR), and 31 of 119 patients with
non-pCR exhibited a CPS-EG score > 2. In total, 1592 patients were either treated with adjuvant
chemotherapy or no chemotherapy at all. Of these, 99 showed pathologic involvement of at least
4 lymph nodes (pN2-3). Of 301 patients with TNBC, 188 patients were treated with neoadjuvant
chemotherapy and 87 of these patients had no pCR. A total of 113 of 301 patients were treated with
adjuvant chemotherapy or no chemotherapy at all. Of these, 20 patients showed pathologic lymph
node involvement (pN1-3), and 34 were node-negative but with a tumor size of at least 20 mm. In
total, 130 of 1738 patients with HR+/HER2— breast cancer, 141 of 301 with TNBC and 271 of 2039 of
all HER2—patients fulfilled the clinicopathological inclusion criteria of the OlympiA trial (displayed
in brown).
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Table 2. Characteristics of patients that might be eligible for olaparib.

HR+/HER2— Percentage TNBC Percentage
n 130 100 141 100
Age 59.0 +14.1 579 +15.2
Menopausal status
Premenopausal 37 28.5 57 404
Postmenopausal 90 69.2 81 57.5
Male 0 0 0 0
n/a 3 2.3 3 2.1
Histology
NST 105 80.8 121 85.8
ILC 21 16.2 4 2.8
Other 4 3.0 15 10.6
n/a 0 0 1 0.8
Grading
1 0 0 0 0
2 90 69.2 30 21.3
3 40 30.8 111 78.7
n/a 0 0 0 0
T-stage *
0 3 2.3 7 5.0
1 23 17.7 67 47.5
2 72 55.4 52 36.9
3 20 15.4 10 7.1
4 12 9.2 5 35
N-stage *
0 4 3.1 92 65.3
1 15 115 36 25.5
2 73 56.2 8 5.7
3 38 29.2 5 3.5
X 0 0 0 0
ER status
+ 126 96.9 0 0
- 4 31 141 100.0
PR status
+ 97 74.6 0 0
- 33 254 141 100.0
HER?2 status
Positive 0 0 0 0
Low 90 69.2 55 39.0
0 40 30.8 86 61.0
Ki67
>20% 64 49.2 130 92.2
<20% 66 50.8 11 7.8
Chemotherapy
Neoadjuvant 31 23.8 87 61.7
Adjuvant 56 43.1 34 241
None 43 33.1 20 14.2
Criteria for hereditary
cancer testing met
no 96 73.8 54 38.3
yes 34 26.2 87 61.7

* T and N stages were assessed after surgery. NST, non-special type; ILC, invasive lobular carcinoma; ER, estrogen
receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative
breast cancer; n/a, not available. Headlines are written in bold.

4. Discussion

The PARP inhibitor olaparib is the first of its kind to significantly prolong overall sur-
vival (OS) and invasive disease-free survival (IDFS) in patients with high-risk HR+/HER2—
and triple-negative eBC who carry a germline BRCA1/2 mutation. We showed that nearly
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8% of the patients with HR+/HER2— eBC and 47% of patients with early TNBC are poten-
tial candidates for olaparib treatment based on clinicopathologic risk factors and should
therefore undergo gBRCA1/2 mutation testing. If gBRCA1/2 mutation testing was carried
out based only on family history, the majority of patients (55% overall; 74% HR+/HER2—;
38% TNBC) potentially eligible for olaparib in our cohort would not receive gBRCA1/2
mutation testing.

As the test criteria of the GC-HBOC are similar to those of the NCCN and ESMO,
our retrospective bicentric real-world data analysis from two large German breast cen-
ters is, in our opinion, not only representative of Germany but also of other western
countries [11-13]. Nevertheless, the patient cohort characterized in this analysis dif-
fers from the patient cohort analyzed in the OlympiA trial, especially with regard to
the use of chemotherapy. Patients could be enrolled in the OlympiA trial only if they
had received neoadjuvant or adjuvant chemotherapy [5]. In our real-world analysis,
approximately one third of all patients with clinically high-risk HR+/HER2— eBC, and
approximately one seventh of the patients with TNBC, did not receive chemotherapy.
Albeit suffering from breast cancer with a high risk of relapse or disease progression, and
therefore presenting with a clear indication for (neo)adjuvant chemotherapy, chemother-
apy might have been omitted due to patient choice, age or comorbidities. Moreover,
other prognostic factors like (dynamic) Ki67 and multigene expression arrays impact
chemotherapy decisions in HR+/HER2— early breast cancer [14-19].

The prevalence of gBRCA1/2 mutation depends on tumor biology, disease stage, sex,
age, family predisposition, country and ethnicity [20]. In early TNBC, prevalence rates
of gBRCA1/2 mutation range from 6.5%-15.4% [21-23]. In contrast, in HR+ eBC, the
prevalence of gBRCA1/2 mutations range between 1.5% and 5.0% [21,24]. Taking these
percent ranges into account, approximately 9-22 of 141 patients with high-risk TNBC, and
2-7 of 130 patients with high-risk HR+/HER2— eBC, would be gBRCA1/2 positive, would
fulfill the clinicopathological inclusion criteria of OlympiA and would therefore benefit
from adjuvant olaparib.

Patients with TNBC are most commonly treated with neoadjuvant chemotherapy.
However, in our analysis, only 62.4% of the patients with TNBC received neoadjuvant
treatment. As olaparib is an important treatment option for TNBC patients who carry
gBRCA1/2 mutations and do not achieve a pCR after neoadjuvant chemotherapy, even
more patients might have been eligible for adjuvant olaparib if all patients had received
neoadjuvant chemotherapy. Other treatment options are available for patients who do
not achieve a pCR [25]: according to the CREATE-X trial, postneoadjuvant capecitabine
improves OS in patents with TNBC [26]. Moreover, the KEYNOTE-522 trial found that
patients without a pCR will also benefit from the checkpoint inhibitor pembrolizumab.
Although there are to date no clear data on which of these treatment options is the most
effective for patients with TNBC and non-pCR, 64% of Expert Panel members at the St.
Gallen Breast Cancer Consensus Conference 2021 voted to continue (postneo)adjuvant
treatment with olaparib in patients with gBRCA-associated TNBC and residual tumor after
neoadjuvant chemotherapy [27].

In HR+/HER2— eBC, nearly all patients who are eligible for adjuvant olaparib treat-
ment also fulfill the inclusion criteria of the monarchE trial and are therefore candidates
for a CDK4/6 inhibitor therapy with abemaciclib [2,28]. Moreover, ribociclib might be
approved for use in high-risk HR+/HER2— eBC patients based on the findings of the
phase III NATALEE trial, the first results of which were recently presented at the ASCO
meeting [29,30]. There are, however, no data on whether olaparib or abemaciclib is more
effective in these patients. At the St. Gallen International Breast Cancer Conference in
2023, 49% of Expert Panel members said that they would use both treatments in sequence.
However, this decision rarely has to be made in clinical practice because, as discussed
above, only few HR+/HER2— patients are eligible for treatment with olaparib. All patients
that might receive both treatments in sequence should be informed about the off-label
use, since no data are available for this treatment situation. Furthermore, all patients
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should be included in observational studies to assess potential short- and long-term side
effects and potential cumulative toxicities of a sequential therapy with olaparib and a
CDK4/6 inhibitor.

An important limitation of the current analysis is that, due to its retrospective nature,
no information on the gBRCA1/2 mutation status was available. Yet, as indicated earlier,
half of all patients in our cohort who displayed clinical high risk in line with the OlympiA
trial criteria would not receive gBRCA1/2 mutation testing, according to the current criteria
for hereditary cancer [31]. A recent study conducted by Yadav et al. found that BRCA1/2
mutation testing that is solely based on the NCCN guidelines would miss approximately
13% of patients with pathogenic gBRCA1/2 mutation [12,32]. Hence, all patients who are
possibly eligible for olaparib treatment based on the clinicopathological high risk factors
outlined in the OlympiA trial should undergo gBRCA1/2 testing [27].

5. Conclusions

In total, 8% of HR+/HER2— eBC and 47% of early TNBC patients display clinical high
risk according to the OlympiA trial. As only 45% of these patients receive hereditary cancer
testing according to the criteria of the GC-HBOC, a relevant proportion of gBRCA1/2-
positive patients that might be eligible for olaparib treatment would be missed. Hence, all
patients with eBC who fulfill the clinicopathologic eligibility criteria of the OlympiA trial
should undergo gBRCA1/2 testing, irrespective of their own and family cancer history.
Nevertheless, the total number of patients with early breast cancer who benefit from
olaparib is estimated to be low. The true frequency of gBRA1/2 mutations in patients
with eBC and clinical high risk, according to the OlympiA inclusion criteria, should be
investigated in future studies.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/cancers15153847/s1, Table S1: Characteristics of the total patient
cohort, Table S2: Indication for genetic testing in the BRCA1/2 genes and potentially other risk
genes [11].
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