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A B S T R A C T

Purpose: To evaluate olaparib in advanced triple negative breast cancer (TNBC) patients with homologous 
recombination deficiency (HRD) and no germline BRCA1/2 mutations (gBRCA1/2mut).
Methods: NOBROLA (NCT03367689) is a single-arm, open-label, multicenter, phase IIa trial, enrolling adult 
patients with advanced TNBC without gBRCA1/2mut and with HRD, who were treated with olaparib. The pri-
mary endpoint was clinical benefit rate (CBR) per RECIST v.1.1.
Results: Six of 114 patients were eligible and received olaparib. Median follow up was 8.5 months. CBR and 
overall response rate (ORR) were 50 % (95 % CI, 11.8–88.2).
Conclusions: The observed results could prompt further investigation.
Trial: ClinicalTrials.gov identifier NCT03367689.

1. Introduction

Triple-negative breast cancer (TNBC) is an aggressive subtype of 
breast cancer (BC) that represents 10–20 % of BC cases [1,2]. TNBC, 
defined by lack of tumor cell expression of estrogen receptor (ER), 
progesterone receptor (PR), and human epidermal growth factor re-
ceptor 2 (HER2) [3], exhibits increasing tumor heterogeneity [4] and 
genomic instability, which can be caused by homologous recombination 

deficiency (HRD) [1,5]. HRD can result from germline mutations in 
BRCA1/2 genes, as well as somatic BRCA1/2 mutations or germline 
mutations in other genes involved in homologous recombination repair 
(HRR), found in 10–15 % and less than 4 % of TNBC, respectively [6,7]. 
Loss-of-function mutations in HRR genes sensitise tumors to poly 
(ADP-ribose) polymerase inhibitors (PARPi) [8,9]. In TNBC, PARPi are 
approved for patients with germline BRCA1/2 mutations (gBRCA1/2-
mut) [2,10]; however, HRD tumors without gBRCA1/2mut display 
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synthetic lethality with PARPi [11–16]. The NOBROLA trial aimed to 
evaluate the activity of olaparib monotherapy in advanced TNBC pa-
tients with HRD and without gBRCA1/2mut.

2. Material and methods

2.1. Study design

NOBROLA (NCT03367689) was a single-arm, open-label, multi-
center phase IIa trial conducted across 17 Spanish sites enrolling adult 
patients with advanced TNBC without gBRCA1/2mut and HRD, deter-
mined by Myriad myChoice® HRD Plus CDx or FoundationOne® CDx 
tests. Detailed eligibility criteria are provided in Supplementary 
Material.

This study was performed in agreement with the Declaration of 
Helsinki and Good Clinical Practice guidelines and was approved by 
Institutional Review Boards or independent ethics committees at each 
site. All patients provided written informed consent.

2.2. Procedures

Patients received 300 mg of olaparib orally, twice daily, throughout 
28-day cycles until disease progression, symptomatic deterioration, 
unacceptable toxicity, death, withdrawal of consent, or study comple-
tion, whichever occurred first. Detailed procedures are reported in 
Supplementary Material.

2.3. Outcomes

The primary endpoint was clinical benefit rate (CBR), assessed by 
investigators as per RECIST v.1.1. Secondary efficacy and safety out-
comes are detailed in Supplementary Material.

2.4. Statistical analysis

Statistical analyses are detailed in Supplementary Material.

3. Results

Between April 2018 and December 2021, 114 patients were screened 
and only six received olaparib (Fig. 1, Table 1). The study was prema-
turely terminated because of slow accrual.

All patients were women, with a median age of 60 (range, 45–76) 
years and received up to three prior lines of treatment in the advanced 
setting. Baseline characteristics are in Table 2. By November 24, 2022, 
median follow-up time was of 8.5 months (range, 4.2–34.4). All patients 
discontinued treatment because of disease progression. At data cutoff, 
one patient was alive, four had died, and one was lost to follow-up 6 
months after the study beginning. Three patients achieved partial re-
sponses for a CBR at 24 weeks of 50 % (95 % CI, 11.8–88.2) among 6 
patients and an overall response rate (ORR) of 50 % (95 % CI, 11.8–88.2) 
(Table 3).

Median time to response was 1.9 months (95 % CI, 1.8–3.6) and 
median duration of response was 4.9 months (95 % CI, 4.7–13.2). Me-
dian progression-free survival was 6.2 months (95 % CI, 0.8–15.1) and 
median overall survival was 19.4 months (95 % CI, 4.2–34.4) 
(Supplementary Fig. 1).

Treatment-emergent adverse events (TEAEs) were grade 1–2 (5 
[83.3 %] events). Grade 3 TEAEs occurred in 66.6 % patients, being 
anemia the most frequent (33 %). There were no grade 4 TEAEs 
(Supplementary Table 1). The most common TEAEs of any grade were 
anemia (83 % patients), and fatigue (50 % patients). All TEAEs are 
shown in Supplementary Table 2. Any patient experienced serious 
TEAEs related to olaparib. No treatment-related deaths occurred.

4. Discussion

The NOBROLA phase II trial showed antitumor activity of olaparib 
monotherapy in 50 % of advanced TNBC patients with HRD and without 
gBRCA1/2mut, a rare group of patients with limited treatment options 
and who have not been considered in previous clinical trials.

Tumors with gBRCA1/2mut in the homologous recombination 
pathway are significantly prevalent in TNBC and associated with 
response to PARPi [11,16]; however, PARPi also have activity in tumors 
beyond gBRCA1/2mut [17]. The Talazoparib Beyond BRCA phase II 
trial reported 54 % CBR in patients with mutations in genes different 
from BRCA1/2 [12]. Similarly, the TBCRC 048 phase II trial demon-
strated 50 % CBR with olaparib in BC patients with germline non--
BRCA1/2 [14]. The PETREMAC phase II study achieved 51.9 % ORR 
using olaparib in TNBC without germline BRCA1/2 and PALB2 muta-
tions [18]. Apart from the small sample size, clinical responses observed 
in our study may probably occur because HRD is associated with 
response to PARPi, even independently of the BRCA1/2 status [19], and 
other HRD-related genes beyond BRCA1/2 may be sensitive to these 
treatments [20].

NOBROLA was a non-randomized trial in which low frequency of 
HRD cases was detected after more than 100 analyses and, therefore, the 
trial was closed earlier than expected. Most of screened subjects had no 
relevant alterations in the HRD-related genes. HRD can result from 
deleterious mutations in HRR genes in a very low percentage of TNBC 
patients [6,7]. BRCA1/2 mutations are the most common mutations to 
cause HRD [21]; however, mutations in other HRD-related genes (such 
as RAD51 or ATM) may occur, although these events are less frequent 
[21–23]. Altogether, this may explain the low incidence of HRD cases in 
the screened population. The results of this study must be interpreted 
with caution due to some limitations, which included (a) the 

Fig. 1. Patient disposition.
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heterogeneous definition of the HRD status, which is related to differ-
ences in the methods used to assess HRD, the biological complexity of 
HRR pathways, and the types of genomic alterations evaluated [24], (b) 
the slow patient accrual rate due to the low incidence of HRD cases and, 
consequently, (c) the small sample size and limited dataset, which 
weakened the statistical power of the results and precluded several 
planned analyses.

This only prompts more data and more relevant selection criteria. 
The low incidence in this population presents a significant challenge 
that limits conducting studies with a large sample size. If results from 
future trials were similar, entities should reconsider the approval of new 
drugs in infrequent patient populations without requiring pivotal phase 
III studies.

5. Conclusions

Olaparib provided antitumor activity in 50 % of patients. These re-
sults warrant further investigation in larger trials.
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Table 1 
Patient disposition.

Parameter n (%) 
N = 114

Patients tested with FoundationOne® CDx 53 (46.5)
Included 2 (3.8)
Excluded 51 (96.2)

Patient’s decision 2 (3.8)
Withdrawal of consent 2 (3.8)
Non-fulfilment of inclusion criteria 47 (88.7)

HRD negativea 24 (45.3)
Inadequate or unavailable tissue sample 7 (13.2)
Disease progression to a prior platinum-based treatment 11 (20.7)
Hormone receptor statusb 3 (5.7)
Non-measurable disease only 1 (1.9)
Number or type of prior lines of treatment 1 (1.9)

Patients tested with Myriad myChoice® HRD Plus CDx 61 (53.5)
Included 4 (6.6)
Excluded 57 (93.4)

Death 4 (6.6)
Recruitment closed 2 (3.3)
Non-fulfilment of inclusion criteria 51 (83.6)

HRD negativea 18 (29.5)
Inadequate or unavailable tissue sample 13 (21.3)
Disease progression to a prior platinum-based treatment 10 (16.4)
Number or type of prior lines of treatment 7 (11.5)
ECOG PS ≥ 2 1 (1.6)
Non-measurable disease only 1 (1.6)
Hormone receptor status 1 (1.6)

Percentages may not add up to 100 because of rounding.
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance 
status; HRD, homologous recombination deficiency.

a HRD negative indicates either no relevant alteration in any HRD-related 
genes (FoundationOne® CDx test) or a score <33 (Myriad myChoice® HRD 
Plus CDx test).

b Logistic issues led to 3 patients receiving delayed results.

Table 2 
Baseline patient characteristics.

Baseline characteristics n (%) 
N = 6

Age; median (min; max) (years) 60 (45; 76)
Sex

Female 6 (100)
Male 0 (0)

Disease status
Locally advanced disease 0 (0)
Metastatic disease 6 (100)

ECOG PS
0 2 (33)
1 4 (67)

Measurable disease
Yes 6 (100)
No 0 (0)

Number of target lesions
1 3 (50)
2 1 (17)
3 2 (33)

Metastatic sites
Bone 1 (17)
Brain 1 (17)
Liver 1 (17)
Lung 2 (33)
Lymph nodes 2 (33)

Previous treatment for early disease
Yes 6 (100)
No 0 (0)

(Neo)adjuvant treatment for early disease
Taxane 6 (100)
Platinum 6 (100)
Anthracycline 6 (100)
Cyclophosphamide 6 (100)
Anastrozole 1 (17)
Trastuzumab 1 (17)
Fluorouracil 1 (17)
Others 6 (100)

Number of previous lines of therapy for ABC
1 1 (17)
2 2 (33)
3 3 (50)

Previous treatment for ABC
Taxane 6 (100)
Platinum 1 (17)
Anthracycline 1 (17)
Capecitabine 5 (83)
Eribulin 1 (17)
Gemcitabine 1 (17)
Targeted therapy 3 (50)
Atezolizumab 1 (17)
Others 6 (100)

Abbreviations: ABC, advanced breast cancer; ECOG PS, Eastern Coop-
erative Oncology Group performance status.
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specified purposes and the trial protocol will be provided after the 
completion of a data-sharing agreement that will be set up by the study 
sponsor. All data provided are anonymized to respect the privacy of 
patients who have participated in the trial in line with applicable laws 
and regulations.
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genomic landscape in triple-negative breast cancer through inhibitors of the 
transcriptional machinery. Cancers 2022 Sep 7;14(18):4353.

[6] Couch FJ, Hart SN, Sharma P, Toland AE, Wang X, Miron P, et al. Inherited 
mutations in 17 breast cancer susceptibility genes among a large triple-negative 
breast cancer cohort unselected for family history of breast cancer. J Clin Oncol 
2015 Feb 1;33(4):304–11.

[7] Shimelis H, LaDuca H, Hu C, Hart SN, Na J, Thomas A, et al. Triple-negative breast 
cancer risk genes identified by multigene hereditary cancer panel testing. J Natl 
Cancer Inst 2018 Aug 1;110(8):855–62.

[8] Belli C, Duso BA, Ferraro E, Curigliano G. Homologous recombination deficiency in 
triple negative breast cancer. Breast 2019 Jun;45:15–21.

[9] Paulet L, Trecourt A, Leary A, Peron J, Descotes F, Devouassoux-Shisheboran M, 
et al. Cracking the homologous recombination deficiency code: how to identify 
responders to PARP inhibitors. Eur J Cancer Oxf Engl 1990. 2022 May;166:87–99.

[10] Gradishar WJ, Moran MS, Abraham J, Abramson V, Aft R, Agnese D, et al. NCCN 
Guidelines® insights: breast cancer, version 4.2023: featured updates to the NCCN 
guidelines. J Natl Compr Cancer Netw 2023 Jun;21(6):594–608.

[11] Litton JK, Rugo HS, Ettl J, Hurvitz SA, Gonçalves A, Lee KH, et al. Talazoparib in 
patients with advanced breast cancer and a germline BRCA mutation. N Engl J Med 
2018 Aug 23;379(8):753–63.

[12] Gruber JJ, Afghahi A, Timms K, DeWees A, Gross W, Aushev VN, et al. A phase II 
study of talazoparib monotherapy in patients with wild-type BRCA1 and BRCA2 
with a mutation in other homologous recombination genes. Nat Cancer 2022 Oct 
17;3(10):1181–91.

[13] Smith MR, Scher HI, Sandhu S, Efstathiou E, Lara PN, Yu EY, et al. Niraparib in 
patients with metastatic castration-resistant prostate cancer and DNA repair gene 
defects (GALAHAD): a multicentre, open-label, phase 2 trial. Lancet Oncol 2022 
Mar;23(3):362–73.

Table 3 
Efficacy analyses (per RECIST v1.1) assessed by investigators.

CBR ORR BOR TTR (months) DOR (months) PFS OS

Months Event Months Event

Individual patient data
Yes Yes PR 3.6 4.7 8.3 PD 12.0 No
Yes Yes PR 1.8 13.2 15.1 PD 19.5 Death
Yes Yes PR 1.9 4.9 7.0 PD 7.8 Death
No No SD < 24W   3.5 PD 34.4 Death
No No PD   1.0 PD 4.3 Death
No No SD < 24W   5.4 PD 6.7 Loss to FU
Global data*
50 (11.8–88.2)  1.9 (1.8–3.6) 4.9 (4.7–13.2) 6.2 (0.8–15.1) 19.4 (4.2–34.4)

Abbreviations:BOR: Best Overall Response; CBR: Clinical Benefit Rate; DOR: Duration Of Response; FU: Follow-Up; ORR: Overall Response Rate; OS: Overall Survival; 
PD: Progressive Disease; PFS: Progression-Free Survival; PR: Partial Response; SD: Stable Disease; TTR: Time to response; W: Weeks.

* The values in parentheses for CBR, ORR, PFS, and OS are expressed as 95% confidence intervals. The values in parentheses for TTR and DOR are expressed as 
minimum and maximum.

A. Cortés et al.                                                                                                                                                                                                                                  The Breast 78 (2024) 103834 

4 

https://doi.org/10.1016/j.breast.2024.103834
https://doi.org/10.1016/j.breast.2024.103834
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref1
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref1
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref1
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref2
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref2
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref2
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref3
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref3
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref4
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref4
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref4
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref5
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref5
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref5
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref6
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref6
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref6
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref6
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref7
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref7
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref7
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref8
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref8
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref9
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref9
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref9
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref10
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref10
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref10
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref11
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref11
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref11
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref12
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref12
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref12
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref12
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref13
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref13
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref13
http://refhub.elsevier.com/S0960-9776(24)00165-6/sref13


[14] Tung NM, Robson ME, Ventz S, Santa-Maria CA, Nanda R, Marcom PK, et al. 
TBCRC 048: phase II study of olaparib for metastatic breast cancer and mutations 
in homologous recombination-related genes. J Clin Oncol 2020 Dec 20;38(36): 
4274–82.

[15] Mateo J, Porta N, Bianchini D, McGovern U, Elliott T, Jones R, et al. Olaparib in 
patients with metastatic castration-resistant prostate cancer with DNA repair gene 
aberrations (TOPARP-B): a multicentre, open-label, randomised, phase 2 trial. 
Lancet Oncol 2020 Jan;21(1):162–74.

[16] Robson M, Im SA, Senkus E, Xu B, Domchek SM, Masuda N, et al. Olaparib for 
metastatic breast cancer in patients with a germline BRCA mutation. N Engl J Med 
2017 Aug 10;377(6):523–33.

[17] Xu Q, Li Z. Update on poly ADP-ribose polymerase inhibitors in ovarian cancer 
with non-BRCA mutations. Front Pharmacol 2021;12:743073.

[18] Eikesdal HP, Yndestad S, Elzawahry A, Llop-Guevara A, Gilje B, Blix ES, et al. 
Olaparib monotherapy as primary treatment in unselected triple negative breast 
cancer. Ann Oncol Off J Eur Soc Med Oncol 2021 Feb;32(2):240–9.

[19] How JA, Jazaeri AA, Fellman B, Daniels MS, Penn S, Solimeno C, et al. 
Modification of homologous recombination deficiency score threshold and 
association with long-term survival in epithelial ovarian cancer. Cancers 2021 Feb 
24;13(5):946.

[20] Ryan A, Cruz SM, Miller R, Kristeleit R. PARP inhibitor (PARPi) monotherapy 
treatment in non-BRCA and/or non-serous gynaecological cancers. Ann Oncol 
2018 Sep;29:vi34.

[21] Chai Y, Chen Y, Zhang D, Wei Y, Li Z, Li Q, et al. Homologous recombination 
deficiency (HRD) and BRCA 1/2 gene mutation for predicting the effect of 
platinum-based neoadjuvant chemotherapy of early-stage triple-negative breast 
cancer (TNBC): a systematic Review and meta-analysis. J Personalized Med 2022 
Feb 21;12(2):323.
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