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PARTNER is a prospective, phase II–III, randomized controlled clinical trial that 
recruited patients with triple-negative breast cancer1,2, who were germline BRCA1  
and BRCA2 wild type3. Here we report the results of the trial. Patients (n = 559) were 
randomized on a 1:1 basis to receive neoadjuvant carboplatin–paclitaxel with or 
without 150 mg olaparib twice daily, on days 3 to 14, of each of four cycles (gap 
schedule olaparib, research arm) followed by three cycles of anthracycline-based 
chemotherapy before surgery. The primary end point was pathologic complete 
response (pCR)4, and secondary end points included event-free survival (EFS) and 
overall survival (OS)5. pCR was achieved in 51% of patients in the research arm and 52% 
in the control arm (P = 0.753). Estimated EFS at 36 months in the research and control 
arms was 80% and 79% (log-rank P > 0.9), respectively; OS was 90% and 87.2% (log-rank 
P = 0.8), respectively. In patients with pCR, estimated EFS at 36 months was 90%,  
and in those with non-pCR it was 70% (log-rank P < 0.001), and OS was 96% and 83% 
(log-rank P < 0.001), respectively. Neoadjuvant olaparib did not improve pCR rates, 
EFS or OS when added to carboplatin–paclitaxel and anthracycline-based 
chemotherapy in patients with triple-negative breast cancer who were germline 
BRCA1 and BRCA2 wild type. ClinicalTrials.gov ID: NCT03150576.

Olaparib, the first poly(ADP-ribose) polymerase (PARP) inhibitor to 
be developed, is effective in treating women with breast cancer who 
have germline pathogenic variants in BRCA1 and/or BRCA2 (gBRCAm), 
both in the metastatic6,7 and the adjuvant setting8. The PARTNER trial 
tested olaparib in the neoadjuvant setting in two cohorts. One cohort 
consisted of the patients with gBRCAm who had early breast cancer 
and the report of that cohort is in progress ( J.E.A. et al., manuscript in 
preparation). The other cohort (reported here) consisted of patients 
with triple-negative breast cancer (TNBC) who were germline BRCA1 and 
BRCA2 wild type (gBRCAwt)). In addition, all tumours had a basal-like 
phenotype as defined by immunohistochemistry (Methods). The 
standard of care for many years for TNBC had been anthracycline- and 
taxane-based chemotherapy9. However, there was emerging evidence 
from neoadjuvant trials (now published) that carboplatin is a useful 
addition to this standard treatment10,11. In our trial, olaparib was given 
48 h after carboplatin–paclitaxel (gap schedule) for four cycles in the 

neoadjuvant setting and was followed by anthracycline-based chemo-
therapy before surgery.

TNBCs in patients who are gBRCAwt frequently exhibit homologous 
recombination deficiency, and widespread genomic instability1 simi-
lar to that seen in breast cancers in patients with gBRCAm. Defects in 
homologous recombination repair can occur through numerous mech-
anisms including the loss of BRCA1 and BRCA2 function within the breast 
cancer, thus resulting in a gBRCAm-like phenotype12, which could poten-
tially be treated with PARP inhibitors. ‘Genomic scars’, typically found in 
gBRCAm-related tumours, have also been identified in tumours that are 
gBRCAwt13. Typical rearrangement signatures with high numbers of tan-
dem duplications have been linked to a subgroup of TNBC(gBRCAwt) 
with a homologous recombination deficiency profile14. This suggests 
that TNBC(gBRCAwt) includes a targetable molecular group outside 
the gBRCA population that could also benefit from PARP inhibition. In 
homologous-recombination-deficient cells, PARP inhibition results in 
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synthetic lethality by preventing repair of single-strand breaks, which 
leads to problems downstream with double-strand repair15,16. PARP 
inhibitors therefore could work in synergy with DNA-damaging agents 
such as platinums, which cause both single- and double-strand breaks. 
In high-grade serous ovarian cancer, widespread adoption of PARP 
inhibitors in gBRCAwt tumours has already occurred and has been sup-
ported by evidence of their activity in those cancers that demonstrate 
homologous recombination deficiency17,18.

The PARTNER trial used olaparib in the experimental group as an 
addition to carboplatin–paclitaxel followed by anthracycline-based 
chemotherapy. The first stage of the trial examined the safety of the 
combination and the second stage investigated optimal scheduling 
of olaparib in combination with platinum chemotherapy, which has 
never been established. The combination had previously been tested 
in patients with relapsed ovarian cancer19, but the dose and schedule 
used required reduced doses of carboplatin, and the combination 
resulted in response rates similar to, rather than superior to, those for 
carboplatin–paclitaxel alone. Therefore, after these results, olaparib 
has been scheduled after completion of chemotherapy, when full and 
continuous doses are used8. The third stage of the PARTNER trial inves-
tigated the efficacy of the same chemotherapy and olaparib in the 48-h 
gap schedule research arm (Extended Data Fig. 1). This paper details 
the results of the PARTNER trial, a prospective, randomized controlled 
trial in the TNBC(gBRCAwt) cohort.

Patients and treatment
From September 2016 to December 2021, 559 patients with 
TNBC(gBRCAwt) (287 research arm (gap schedule); 272 control arm) 
were randomized at 29 UK centres (CONSORT diagram, Fig. 1). Recruit-
ment was extended by around 6 months to decrease the risk of losing 
participants due to the COVID-19 pandemic, which had considerably 
slowed recruitment during 2020.

The data cutoff for analysis was 30 November 2023 with a median 
follow-up of 38 months. Five patients (3 opt-out, 1 breach, 1 toxicity) 

in the research arm (gap schedule) and three patients (1 ineligible, 
2 opt-out) in the control arm did not receive any treatment after 
randomization. In the research arm (gap schedule), one patient was 
found to be ineligible after receiving treatment. The resulting modi-
fied intention-to-treat population consisted of 550 patients. The 
demographics and pretreatment disease characteristics were well 
balanced between the two arms (Table 1). The median patient age  
was 49 (range 23 to 71) years; 95.1% of patients had a tumour dia meter 
of less than 50 mm; 22.5% had a tumour-infiltrating lymphocyte (TIL) 
score ≥ 60%; 94.8% had an Eastern Cooperative Oncology Group per-
formance status of 0; and 36.5% had prior oophorectomy or were 
post-menopausal. In the research arm (gap schedule), 88.2% received 
at least 80% of the planned olaparib with a median dose intensity of 
1,170 mg per week (Extended Data Table 1). There were no differences 
between the research (gap schedule) and control arms for patients 
receiving at least 80% of the planned carboplatin (95%) and paclitaxel 
doses (99%) (Extended Data Table 1). Surgery was carried out after 
the treatment was completed in 98.2% of the patients (276 research 
(gap schedule); 264 control). In patients who had surgery, 73.9% had 
breast-conserving wide local excision and 61.5% had sentinel node 
biopsy. A total of 447 (81.3%) patients received local radiotherapy 
according to centre protocols, after completion of trial treatment and  
surgery (Table 1).

Efficacy
A total of 543 patients had pathological response data at surgery 
available, of which 141/276 (51.1%) in the research arm (gap schedule) 
and 140/267 (52.4%) in the control arm had a pCR with a difference 
of −1.3% (95% confidence interval (CI) −9.7% to 7.0%, P value = 0.753; 
Fig. 2a). The result of no significant difference was consistent in all 
pre-specified subgroups and after imputing missing data over a range 
of assumptions (Extended Data Table 2 and Extended Data Fig. 2). The 
proportion of patients with pCR was higher for those with tumours 
with TILs ≥ 60% (65%) compared to those with TILs < 60% (47.9%) with 
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Fig. 1 | Trial CONSORT diagram. *The first main reason for treatment discontinuation was reported.
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a difference of 17.2% (95% CI 7.2% to 26.5%, P value < 0.001; Fig. 2b).  
There were no significant differences in pCR rate in each TIL group 
between the research (gap schedule) and control arms (Extended  
Data Fig. 2).

A total of 110 patients (57 research (gap schedule); 53 control) had an 
event or died with a hazard ratio (HR) of 0.9 (95% CI 0.6 to 1.4, P = 0.781; 
Fig. 3a). A detailed breakdown of the event types is shown in Extended 
Data Table 3. The estimated EFS rate at 36 months was 80.2% (95% CI 

75.2 to 85.5) in the research arm (gap schedule) and 79.1% (95% CI 73.9 
to 84.7) in the control arm, with a median EFS not reached in either 
(Extended Data Table 4).

A total of 63 patients (31 research (gap schedule); 32 control) died, 
with an HR of 0.9 (95% CI 0.6 to 1.5, P = 0.8; Fig. 3b). The estimated OS 
rate at 36 months was 90.3% (95% CI 86.5 to 94.2) in the research arm 
(gap schedule) with a median OS not reached, and 87.2% (95% CI 82.8 
to 91.9) in the control arm with a median OS of 74.7 months (Extended 
Data Table 4).

A total of 77 patients (42 research (gap schedule); 35 control) had 
a distant relapse or died with an HR of 1.1 (95% CI 0.7 to 1.7, P = 0.632; 
Fig. 3c). The estimated distant disease-free survival (DDFS) rate at 36 
months was 85.5% (95% CI 81.2 to 90.1) in the research arm (gap sched-
ule) and 86.2% (95% CI 81.7 to 90.9) in the control arm, with a median 
DDFS not reached in either (Extended Data Table 4).

Similarly, no difference was observed in relapse-free survival 
(HR = 1.0, 95% CI 0.7 to 1.4, P = 0.896), local recurrence-free survival 
(HR = 0.9, 95% CI 0.6 to 1.5, P = 0.750), time to second cancer (HR = 0.5, 
95% CI 0.2 to 1.2, P = 0.126) or breast cancer-specific survival (HR = 1.0, 
95% CI 0.6 to 1.6, P = 0.902; Extended Data Fig. 3a–d). Neither arm 
reached a median on these time-to-event outcomes, except the con-
trol arm for OS (74.7 months) and breast cancer-specific survival (74.7 
months; Extended Data Table 4).

An exploratory analysis was carried out including the 92 patients 
randomized into the dropped arm (non-gap schedule), compared 
with patients at stage 3, control and research (gap schedule) arms 
(Extended Data Fig. 4), and with patients at stage 2, control and 
research (gap schedule) arms (Extended Data Fig. 5). There were  
no significant differences for estimated EFS, OS or DDFS in any  
comparisons.

Kaplan–Meier curves of EFS and OS by pathological response and 
treatment group are presented in Fig. 4. The estimated 36-month EFS 
rate was 90.4% (95% CI 86.4 to 94.5) in the patients with a pCR as com-
pared with 70% (95% CI 64.2 to 76.2) in those with a non-pCR (HR = 0.3, 
95% CI 0.2 to 0.4; P < 0.001). Similarly, more deaths were observed in 
patients with a non-pCR (P < 0.001). The estimated 36-month OS rate 
was 95.7% (95% CI 93.0 to 98.5) in the patients with a pCR as compared 
with 83% (95% CI 78 to 88.2) in those with a non-pCR (HR = 0.2, 95% CI 
0.1 to 0.3; P < 0.001). Fewer events and deaths were observed in patients 
with a pCR compared to those with a non-pCR, regardless of the treat-
ment received (Fig. 4b,d).

Table 1 | Baseline characteristics and surgery carried out for 
the patients with at least one dose of treatment

Variable Research (gap 
schedule) 
(n = 281)

Control 
(n = 269)

Total (n = 550)

Median age (range)a 49.6 (23.9, 70.9) 48.4 (23.2, 71.0) 49.1 (23.2, 71.0)

Ethnicity, n (%)

   White 228 (81.1%) 217 (80.7%) 445 (80.9%)

   Mixed 2 (0.7%) 2 (0.7%) 4 (0.7%)

   Asian or Asian British 4 (1.4%) 7 (2.6%) 11 (2.0%)

   Black or Black British 9 (3.2%) 4 (1.5%) 13 (2.4%)

   Unknown 38 (13.5%) 39 (14.5%) 77 (14.0%)

Tumour size, n (%)

   ≤50 mm 265 (94.3%) 258 (95.9%) 523 (95.1%)

   >50 mm 16 (5.7%) 11 (4.1%) 27 (4.9%)

Axillary lymph node involvement at diagnosis by biopsy and/or imaging, n (%)

   No 188 (66.9%) 188 (69.9%) 376 (68.4%)

   Yes 93 (33.1%) 81 (30.1%) 174 (31.6%)

TIL score, n (%)

   <60% 215 (76.5%) 211 (78.4%) 426 (77.5%)

   ≥60% 66 (23.5%) 58 (21.6%) 124 (22.5%)

Eastern Cooperative Oncology Group performance status, n (%)

   0 260 (92.5%) 258 (95.9%) 518 (94.2%)

   1 21 (7.5%) 11 (4.1%) 32 (5.8%)

HER2 immunohistochemisty status, n (%)

   0 233 (82.9%) 220 (81.8%) 453 (82.4%)

   1 28 (10.0%) 24 (8.9%) 52 (9.5%)

   2 20 (7.1%) 25 (9.3%) 45 (8.2%)

Post-menopausal (oophorectomy before diagnosis or natural menopause)

   Yes 95 (35.4%) 96 (37.5%) 191 (36.5%)

   No 173 (64.6%) 160 (62.5%) 333 (63.5%)

Surgery after neoadjuvant 
treatmentb, n (%)

276 (98.2%) 264 (98.1%) 540 (98.2%)

Breast surgery for the protocol-treated breast cancerb, n (%)

     Breast-conserving  
wide local excision

200 (72.5%) 199 (75.4%) 399 (73.9%)

    Mastectomy 79 (28.6%) 67 (25.4%) 146 (26.5%)

    Reconstruction 24 (8.7%) 16 (6.1%) 40 (7.4%)

Axillary surgery for the protocol-treated breast cancerc, n (%)

    Sentinel node biopsy 166 (60.1%) 166 (62.9%) 332 (61.5%)

    Axillary clearance 88 (31.9%) 78 (29.5%) 166 (30.7%)

    Axillary sampling 42 (15.2%) 43 (16.3%) 85 (15.7%)

Radiotherapy (local) 
after completion of 
protocol treatment

231 (82.2%) 216 (80.3%) 447 (81.3%)

aMaximum age of 71 was due to rounding. 
bA total of ten patients (five in each group) had missing surgery information. The denominators 
are the number of patients in each group. 
cEach patient may have several surgeries; denominators are the number of patients who had 
a surgery.
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Fig. 2 | pCR rate by treatment arm and TIL group. a,b, pCR rate by treatment 
arm (a) and TIL group (≥60% versus <60%) (b). Data were analysed from a total 
of 276 patients in the research (gap schedule) and 267 control arms. Error bars, 
95% CI of the proportion based on exact method. The statistical test was based 
on the two-tailed chi-squared test.
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Safety and toxicity
A total of 551 (282 research (gap schedule); 269 control) patients were 
evaluated for safety. A total of 47 (16.6%) patients in the research arm 
(gap schedule) and 38 (14.1%) in the control arm stopped treatment 
early with toxicity being the most common reason (21 research (gap 
schedule); 22 control group). Of patients who discontinued trial treat-
ment early, eight in the research (gap schedule) arm and three in the 
control arm had further neoadjuvant treatment outside the protocol.

Patients in the research arm experienced slightly more adverse 
events (AEs) of grade ≥3 than those in the control arm (64.2% versus 
58.7%; Table 2). The number of serious AEs (SAEs) related to carboplatin 
was slightly higher in the research arm (60 (21.3%)) than in the control 
arm (49 (18.2%)) and the number of SAEs related to paclitaxel was also 
slightly higher in the research arm (63 (22.3%)) than in the control arm 
(47 (17.5%)). A total of 45 (16.0%) patients in the research arm had an 
SAE related to olaparib. During the whole treatment period, the num-
ber of patients who had a transfusion was higher in the research arm  
(145 (51.4%)) than in the control arm (82 (30.5%)). A summary of the 
worst AE grade ≥3 experienced per patient in at least 1% of patients is 
shown in Extended Data Table 5, and the only AE that is significantly 
worse in the research arm compared with the control arm is neutro-
penia without associated fever (research arm, 95 (33.7%); control arm,  
50 (18.6%); P = 0.002). More patients in the research arm than patients 
in the control arm had a missed or modified dose of carboplatin (20.2% 
versus 9.7%, respectively) or a missed or modified dose of paclitaxel 
(52.1% versus 35.7%, respectively) due to toxicity (see Extended Data 
Table 6 for full details).

Quality of life
A total of 522 patients (268 research (gap schedule); 254 control) con-
sented to the quality of life sub-study. Please refer to Methods, Study 

procedures for explanation of the health-related quality of life (HRQOL) 
measures. The mean EQ-5D-5L (EuroQol 5 Dimension 5 Level) visual 
analogue scale score and Functional Assessment of Cancer Therapy—
Breast (FACT-B) total score were consistently slightly higher (slightly 
better HRQOL) for the control arm compared with the research arm (gap 
schedule) throughout the study period (Extended Data Fig. 6a,b). How-
ever, the only data showing a significantly worse HRQOL for patients 
in the research (gap schedule) arm compared with those in the control 
arm was at the 3-month time point for the FACT-B total score (Extended 
Data Fig. 6c). A decrease was observed in both the control and research 
(gap schedule) arms at 4 and 6 months in physical well-being, social 
and family well-being, functional well-being, breast cancer subscale, 
FACT-B trial outcome index and FACT-B total score from the baseline 
group, with slightly larger decreases in the research arm (gap sched-
ule), which were non-significant.

Discussion
This neoadjuvant trial tested low-dose, intermittent olaparib, 150 mg 
twice daily by mouth for 12 days, starting on day 3 until day 14, every 
3 weeks for four cycles, concurrently with four cycles of carboplatin–
paclitaxel, in patients with TNBC(gBRCAwt). This treatment was fol-
lowed by three cycles of anthracycline-based chemotherapy. There 
was no improvement in either estimated EFS and OS at 36 months 
or pCR rate at surgery from the addition of olaparib. Our original 
hypothesis was that low-dose olaparib would work in synergy with 
platinum-based chemotherapy to enhance lethal damage to cancer 
cells and increase the rate of pCR. This hypothesis has been disproved in 
the TNBC(gBRCAwt) cohort. However, results for the gBRCAm cohort 
from the PARTNER trial ( J.E.A. et al., manuscript in preparation) showed 
significantly improved EFS and OS for patients in the research arm (gap 
schedule) compared with those in the control arm and even more 
so compared with those in the dropped arm (non-gap schedule).  
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This confirms that olaparib was given at the optimal dose and schedule 
in combination with carboplatin–paclitaxel in the TNBC(gBRCAwt) 
cohort, and the lack of activity demonstrated in this group is not due 
to suboptimal dose or schedule. Pre-planned translational work has 
commenced on available samples in this cohort to establish whether 
there are smaller subgroups that can be identified with biomarkers of 
response to the gap-schedule olaparib.

There remains an important unanswered question on the utility of 
olaparib in early breast cancer, which the results from the PARTNER trial 
TNBC(gBRCAwt) cohort help to inform. It is not known whether patients 
with early TNBC(gBRCAwt) would benefit from adjuvant olaparib. To 
date, in this group there have been randomized controlled trials directly 
comparing adjuvant olaparib with the standard of care in patients with 
residual disease following neoadjuvant chemotherapy. However, as 
the PARTNER trial showed no hint of activity in the TNBC(gBRCAwt) 
cohort at this dose and schedule, and when this is compared with the 
major benefit of the same treatment in patients with gBRCAm breast 
cancer ( J.E.A. et al., manuscript in preparation), it seems unlikely that 
there would be any effect for adjuvant olaparib treatment in the whole 
TNBC(gBRCAwt) group.

A strength of the PARTNER trial is the detailed, upfront characteriza-
tion of patients’ breast cancers. In addition, all patients were prospec-
tively tested for gBRCA pathogenic variants and therefore in our first 
reporting here, we can confirm that all patients were gBRCAwt. In addi-
tion, all recruited patients had basal-like TNBC on the basis of immuno-
histochemistry assessments, and the patients in the non-basal group 
were excluded. Non-basal TNBCs, although triple negative, share few 
of the biological and genomic features of basal-like TNBC, and respond 
less well to most systemic treatments20–22. Therefore, their inclusion 
in randomized controlled trials of TNBC add non-informative data to 
the analyses that could affect results. Nevertheless, the designation of 
basal-like TNBC(gBRCAwt) by immunohistochemistry, although readily 
available in most centres, is not perfect and this group will undoubt-
edly include some tumours that are non-basal by molecular testing. 
Another strength is that the PARTNER trial is one of the few studies that 
can provide detailed safety data for the combination of chemotherapy 
and PARP inhibitor as a treatment for early-stage breast cancer. The 
combination was generally well tolerated and no significant differences 

in treatment discontinuation due to toxicity were observed between 
groups. Of note however, more patients required a blood transfusion 
for treatment-induced anaemia with olaparib (51.4% versus 30.5%). High 
rates of symptomatic anaemia have also been described with the use 
of talazoparib monotherapy (39.3%) in the neoadjuvant setting22. Our 
data are therefore consistent with the known toxicity profile of PARP 
inhibitors, enhanced by the additional effect of platinum on the bone 
marrow. Despite this, the delivery of chemotherapy and olaparib was 
generally more than 90% and rates of pCR were high, comparable with 
the best from previously reported studies10. Notably, the GeparOLA 
trial reported overall low rates of grade 3–4 anaemia from olaparib 
(2.9%) and carboplatin (18.9%) in combination with paclitaxel23. This 
is probably explained by weekly dosing of carboplatin as well as the 
reduced dose of continuous olaparib.

Although the COVID-19 pandemic occurred during the trial, causing 
a pause in recruitment, the members of the teams at our recruiting 
centres and in the central Cambridge team ensured that enrolment 
into the TNBC(gBRCAwt) cohort was completed with minimum delay. 
Another strength was the inclusion of carboplatin in both the control 
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Fig. 4 | Kaplan–Meier curves of survival by pathological response and treatment arm. a,b, EFS by pathological response (a) and by pathological response and 
treatment arm (b). c,d, OS by pathological response (c) and by pathological response and treatment arm (d) in patients in the modified intention-to-treat group.

Table 2 | Summary of AEs in the study period

Research (gap 
schedule) (n = 282)

Control (n = 269)

Any AEs 282 (100%) 268 (99.6%)

AE grade ≥3 181 (64.2%) 158 (58.7%)

Any SAE 96 (34.0%) 93 (34.6%)

SAE related to carboplatin 60 (21.3%) 49 (18.2%)

SAE related to paclitaxel 63 (22.3%) 47 (17.5%)

SAE related to olaparib 45 (16.0%) −

Missed doses due to toxicity 114 (40.4%) 76 (28.3%)

Modified doses due to toxicity 109 (38.7%) 48 (17.8%)

Treatment discontinued 
because of toxicity

21 (7.4%) 22 (8.2%)

Red cell transfusion required 
during chemotherapy

145 (51.4%) 82 (30.5%)
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and the research groups, which drove changes in the standard of care 
in the UK’s National Health Service with recruiting centres adopt-
ing carboplatin-based chemotherapy early. In addition, now that 
the trial is completed it can inform adjuvant and neoadjuvant treat-
ments for TNBC in 2024. Last, a major strength of the study is the 
strong and comprehensive translational research component (not 
reported here), with tumour tissue collection from all patients, and 
fresh tissue collection from patients treated in selected centres. In 
addition, patients from selected centres have had longitudinal circu-
lating tumour DNA samples collected, and a cohort of patient-derived 
tumour xenografts have been developed in the Cambridge Centre. 
The translational research that is ongoing will be published later and 
should add to the knowledge base for TNBC(gBRCAwt) and accelerate 
the application of precision medicine and personalized treatment in 
this group of patients.

There were no major limitations in the study from a methodological 
or practical point of view. This study alongside the results from the 
gBRCAm cohort highlights the importance of the availability of rapid 
assessment of gBRCA pathogenic variants. The early knowledge of 
these biomarkers or their absence is now critical to ensure that patients 
with TNBC(gBRCAwt) and gBRCAm receive the most appropriate neo-
adjuvant regimens. Testing patients for germline pathogenic variants 
in BRCA1, BRCA2 and also PALB2 (ref. 24) in a clinically relevant time 
frame is essential to equip clinicians with the necessary information 
to apply a precision medicine approach.

The landscape of treatment for TNBC has changed considerably 
since planning for this study started in 2012. The CREATE-X trial dem-
onstrated a significant benefit in patients with TNBC from 6 months 
of adjuvant capecitabine given after neoadjuvant chemotherapy that 
left residual disease25. The GEICAM–CIBOMA trial also addressed this 
question but showed no improvement with capecitabine in patients in 
the TNBC group as a whole, although it did report benefit in patients 
in the non-basal TNBC group26. Therefore, there is some evidence to 
change the standard of care to use adjuvant capecitabine for non-basal 
TNBC with residual disease after neoadjuvant chemotherapy.

The positive outcomes of KEYNOTE 522 (refs. 27,28) have resulted in 
the immune checkpoint inhibitor pembrolizumab becoming licensed 
for use as neoadjuvant and adjuvant therapy in TNBC by the US Food and 
Drug Administration29, the European Medicines Evaluation Agency30 
and the National Institute for Health and Care Excellence31. KEYNOTE 
522 has yet to report biomarker results defining the basal-like TNBC 
and gBRCAm cohorts, which would help to guide the standard of care 
for patients in these groups. However, pembrolizumab is now stand-
ard of care in early TNBC(gBRCAwt) in the neoadjuvant and adjuvant 
settings. Results from the NeoTRIP trial that tested neoadjuvant ate-
zolizumab with chemotherapy32 showed emerging signals of benefit 
from immunotherapy in patients with TNBC tumours with evidence 
of immune activation and remodelling in the tumour microenviron-
ment33. Other published evidence confirms the prognostic importance 
of DNA-damage immune response signatures and stromal TILs34. Our 
analysis also confirmed that a high level of TILs (≥60%) correlated posi-
tively with increasing response rates to neoadjuvant treatments as has 
been shown by other groups35, although olaparib did not seem to be 
more active in tumours with higher TIL counts.

Conclusions
In conclusion, the PARTNER trial is a neoadjuvant study that has tested 
the addition of olaparib with a gap schedule to platinum-based chemo-
therapy in patients with basal-like TNBC who are known to be gBRCAwt. 
The trial did not show a benefit from the addition of olaparib in the 
dose and schedule used, either in rates of pCR or estimated EFS and 
OS. This is in marked contrast to the significant positive effect of the 
same dose and schedule in patients with gBRCAm breast cancer ( J.E.A., 
manuscript in preparation). Further translational analysis will provide 

insights into the biology of TNBC(gBRCAwt) and may identify predic-
tive biomarkers at baseline or after treatment to improve outcomes 
for patients with neoadjuvant olaparib.
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Methods

Patient and tumour characteristics
Patients aged between 16 and 70 years with histologically confirmed 
stage T1–4, N0–3 (tumour or axillary lymph node diameter ≥10 mm) 
invasive breast cancer, confirmed ER-negative and HER2-negative, 
and Eastern Cooperative Oncology Group performance status 0–1 
were eligible. Other key inclusion criteria were patient fitness to 
receive the trial chemotherapy regimen and availability of slides 
and paraffin-embedded tissue blocks from the pretreatment biopsy. 
Patients were excluded if they had T0 tumour in the absence of axillary 
node ≥10 mm, apparent distant metastases, prior history of invasive 
breast cancer in the past 5 years or any previous chemotherapy or tar-
geted agent used for the treatment of cancer in the past 5 years. The 
PARTNER trial protocol (NCT03150576) was approved by the North 
West – Haydock Research Ethics Committee (ref: 15/NW/0926) and 
the trial was carried out in accordance with the Declaration of Helsinki 
and the European Clinical Trials Directives 2001/20/EC. All patients 
provided an initial written informed consent that covered pathological 
review of the local slides and biopsy tissue at the Cambridge Centre, 
with additional biomarker review carried out centrally (EGFR, CK5, 
CK6 and AR) to confirm basal-like TNBC. If the biomarkers confirmed 
this, the patients proceeded to full consent for the main study at the 
local centre. Following trial entry, all patients were tested for patho-
genic variants of germline BRCA1 and BRCA2 (gBRCAm). Those with 
gBRCAwt were included in this cohort, whereas those with gBRCAm 
were included in another cohort. The trial was sponsored by Cam-
bridge University Hospitals NHS Foundation Trust and the University 
of Cambridge, and financed by a project grant from AstraZeneca, who 
also supplied olaparib. Cancer Research UK endorsed the trial and 
financed the sample collections for the translational studies that will 
be reported separately. The funders had no role in the study data col-
lection, analysis, interpretation or writing of this report.

Treatment
The trial was open label and was carried out in three stages. Stage 1 
assessed the safety of combining olaparib with carboplatin and pacli-
taxel, and stage 2 compared two different schedules of olaparib and 
carboplatin–paclitaxel to ‘pick-the-winner’. In stages 1 and 2, eligible 
patients were randomly assigned using a minimization method in a 
1:1:1 ratio, with a web-based central randomization system. Patients 
in the control group received chemotherapy alone: carboplatin at 
area under the curve 5 (AUC5) intravenously on day 1 with paclitaxel 
80 mg m−2 intravenously on days 1, 8 and 15 every 3 weeks for four cycles. 
During stages 1 and 2, there were two randomized research arms in 
which intermittent dosing of olaparib at 150 mg twice a day by mouth 
(p.o) for 12 days was added to carboplatin–paclitaxel for each of four 
cycles. The schedule in the first research arm was olaparib at 150 mg 
twice a day on days −2 to day +10 of each of four cycles of carboplatin 
with paclitaxel and this was designated as the non-gap schedule. The 
schedule in the second research arm was olaparib at 150 mg twice a day 
by mouth from day +3 to day +14 and this was designated as the gap 
schedule. Patients were treated on a 3-weekly basis for four cycles in 
the control or research arms and then all patients had three cycles of 
standard local anthracycline-based chemotherapy without olaparib 
before surgery. The research arm (gap schedule) was subsequently 
selected and taken forwards to stage 3 and the non-gap schedule arm 
was the ‘dropped arm’. This decision was based on the recommenda-
tion of the independent data safety monitoring committee (IDSMC), 
which based guidance on pre-specified criteria of safety, convenience 
and compliance, and efficacy.

In stage 3, patients were randomly assigned with a 1:1 ratio to either 
the control or research arm (gap schedule olaparib). Patients who had 
been randomized to the control arm and the gap schedule research arm 
in stages 1 and 2 were also included in this analysis. Stratification factors 

at randomization included tumour size (≤50 mm versus >50 mm), 
axillary lymph node involvement at diagnosis by biopsy and/or imag-
ing (yes versus no) and TILs (<60% versus ≥60%). G-CSF was given as per 
local practice. A flow chart of the trial treatment is shown in Extended 
Data Fig. 1.

Study procedures
Patients were clinically assessed before the beginning of every cycle 
until the end of treatment or disease progression. Breast surgery was 
carried out after 21 weeks of chemotherapy with or without olaparib 
and was followed by radiotherapy as per local standard protocols. After 
surgery, patients were followed 6-monthly for 2 years and then annually 
for up to 10 years. Local histopathology reports from primary surgery 
were centrally reviewed independently by two readers (clinicians and 
pathologists) blinded to the treatment allocation, for each report (E.P., 
H.M.E., L.M.D. and A.F.), and if there were any differences in any of the 
response criteria (Extended Data Fig. 7), consensus for each patient was 
reached after discussion. AEs were reported for each cycle of protocol 
treatment using NCI CTCAE version 4.03. Participation in the quality of 
life (QOL) sub-study was optional and this metric was assessed using 
two measures. The first was the EQ-5D-5L measure, which is a self-report 
survey that measures QOL across 5 domains: mobility, self-care, usual 
activities, pain/discomfort and anxiety/depression. The second was the 
FACT-B, which is a 37-item instrument designed to measure five domains 
of HRQOL in patients with breast cancer. Both questionnaires were 
completed by patients before randomization, following completion 
of four cycles, completion of seven cycles, surgery and radiotherapy, 
and annually for 2 years from completion of surgery.

Statistical analysis
In this three-stage phase II–III trial, stage 1 assessed the safety of 
the addition of olaparib to 3-weekly carboplatin with weekly pacli-
taxel chemotherapy. Stage 2 selected the ‘winner’ from two research 
arms, and stage 3 assessed pCR at surgery after neoadjuvant treat-
ment in all patients. The primary end point was comparison of pCR 
rates between the research and control groups. Details of the statisti-
cal analysis plan for each stage are provided in the Supplementary 
Information. Secondary survival end points were all calculated from 
the date of randomization to the date of first event and included: EFS 
(local or distant recurrence, diagnosis of a second cancer or death 
from any cause); relapse-free survival (local or distant recurrence or 
death from any cause, excluding patients who relapsed before surgery); 
breast cancer-specific survival (death from breast cancer or death after 
breast cancer relapse); DDFS (distant recurrence or death from any 
cause); local recurrence-free survival (local recurrence or death from 
any cause); OS (death from any cause); time to second cancer (diag-
nosis of a second cancer). Other secondary end points were: residual 
cancer burden; pCR in breast alone; radiological response; safety and 
quality of life.

In this TNBC(gBRCAwt) cohort, a total of 454 patients were needed to 
test with 90% power and 5% significance level the null hypothesis of no 
difference in pCR rate between the two groups, versus the alternative 
of 50% in the control group and 65% in the research group. Allowing for 
a non-compliance of 5%, it was planned to recruit a total of 478 patients 
TNBC(gBRCAwt) between the control and the selected research group.

The main analysis was conducted on the basis of the modified 
intention-to-treat principle, which included all randomized, eligible 
patients excluding only those who did not start treatment. The safety 
analyses included patients who had at least one dose of trial treatment. 
The differences between binary outcomes were compared using the 
chi-squared test and the CI of the differences was based on the score 
method36. Kaplan–Meier plots were generated for time-to-event out-
comes and groups were compared using the log-rank test. HRs were esti-
mated using the Cox regression model. The subscales of the EQ-5D-5L 
and FACT-B questionnaires were derived according to standard-scoring 

https://clinicaltrials.gov/ct2/show/NCT03150576
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manuals. Analyses of changes from the baseline over time and differ-
ences between the two groups for subscales were carried out with 
repeated measures analysis of covariance, adjusting for the baseline 
level, time, treatment and interaction of time and treatment. Although 
it was assumed that the data were ‘missing at random’, a sensitivity 
analysis for data ‘missing not at random’ was carried out for the primary 
end point. All statistical analyses were carried out in R (v4.1.0) and all 
P values are based on two-tailed tests.

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
Data collected in the PARTNER study will be made available to research-
ers whose full proposal for their use of the data has been approved by 
the PARTNER trial management group and whose research includes a 
clear and comprehensive research plan with statistical considerations 
adequately completed. The data required for the approved, specified 
purposes and the trial protocol will be provided after completion of a 
data sharing agreement. Data sharing agreements will be set up by the 
trial steering and management groups and will include clear instruc-
tions on publication, reporting and usage policy. A minimum dataset 
of anonymized data will be made available after full publication of 
the trial and related work. Requests for data should be addressed to 
ja344@cam.ac.uk.
 
36. Miettinen, O. & Nurminen, M. Comparative analysis of two rates. Stat. Med. 4, 213–226 

(1985).
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Extended Data Fig. 1 | Trial Flow Chart: PARTNER Trial for the TNBC Cohort. Trial Flow Chart: PARTNER Trial for the TNBC Cohort.
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Extended Data Fig. 2 | Forest plot of the primary end-point in subgroups. 
The data are the numbers and proportions of patients with pathological 
complete response (pCR). Data were analysed from a total of 276 in research 

(gap schedule) and 267 control arms. Estimates are the difference in the pCR 
and 95% CI based on the score method between research arm and control arm.



Extended Data Fig. 3 | Additional Kaplan-Meier curves of survival endpoints (part 1). Relapse free survival (A), local recurrence free survival (B), 
time-to-second cancer (C) and breast cancer specific survival (D) by treatment arm (control and research arm).
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Extended Data Fig. 4 | Additional Kaplan-Meier curves of survival endpoints (part 2). Relapse free survival (A), overall survival (B), and distant disease-free 
survival (C) by treatment arm (control, research arm, and dropped arm) in all patients.



Extended Data Fig. 5 | Additional Kaplan-Meier curves of survival endpoints (part 3). Relapse free survival (A), overall survival (B), and distant disease-free 
survival (C) by treatment arm [control, research arm (gap-scheduled), and dropped arm (non-gap-scheduled)) in patients who were assessed at stage II.
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Extended Data Fig. 6 | EQ-5D-5L visual analogue scale (VAS) scores and 
FACT-B total scores. Least-squares mean change from baseline of EQ-5D-5L 
visual analogue scale (VAS) score (A), FACT-B total score (B) and FACT-B 
subscales with trial outcome index and FACT-B total score at 4 months  

and 6 months. Asterisk indicates a statistical difference between the treatment 
arms of p < 0.05 based on two-tailed t-test with Tukey’s adjustment for multiple 
comparisons. Error bars, 95% CI of the estimated change score.



Extended Data Fig. 7 | Central pathology review Case Report Form. Central pathology review Case Report Form.
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Extended Data Table 1 | Summary of treatment received during the first regimen by treatment arm

*Planned dose for carboplatin was based on derived dose using the Calvert formula.



Extended Data Table 2 | Logistic regression analysis of primary endpoint imputing missing data with delta-adjusted pattern 
mixture model

The imputation was based on delta-adjusted pattern mixture model adjusting for stratification factors with a range of delta values. The pattern mixture model of a binary endpoint can be 
expressed in the following form: 

= = + + −Y R X γ γ δ Rlogit[Pr( 1 , ) ] X (1 )y y0 1∣  
Where δ represents the difference in the log-odds of =Y 1 between non-missing and missing, X are observed covariates, which is stratification factors here, and Ry is a missing indicator of Y. 
While δ 0=  implies data missing at random, >δ 0 implies better outcome in missing patients and δ 0<  otherwise. All the missing pCR was imputed with the same δ. For example, log(0.5) , log(1)  
and log(1.5)  indicates patients with missing pCR would have an odds of 0.5, 1 and 1.5 times achieving a pCR compared to non-missing patients.
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Extended Data Table 3 | Summary of events observed during the trial follow-up

Note: each patient may have multiple events during the follow-up. 
Relapse: patient completely responded to trial treatment but relapsed after trial treatment completed. 
Progression on trial treatment: patient’s disease has progressed during trial treatment. 
Progression after completion of trial treatment: patient’s disease did not completely respond to trial treatment and progressed after trial treatment finished. 
First second primary: the first occurrence of a new primary cancer diagnosed after randomisation.



Extended Data Table 4 | Summary of time-to-event outcomes

NE: not estimated.
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Extended Data Table 5 | Summary of AE grade ≥ 3 experienced per patient by term and grade in at least 1% of non-BRCA 
patients

*P-values (two-sided) after controlled the false discovery rate from tests on each toxicity and toxicity grades with fisher’s exact method.



Extended Data Table 6 | Detailed Safety and Toxicity Summary
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Management Group and whose research includes a clear and comprehensive research plan with statistical considerations adequately completed. The data required 
for the approved, specified purposes and the trial protocol will be provided, after completion of a data sharing agreement. Data sharing agreements will be set up 
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Reporting on sex and gender The study focused on breast cancer patients. Although gender or sex identifying information was not collected, it is likely that 
the majority of participants in this study were assigned female at birth. 

Reporting on race, ethnicity, or 
other socially relevant 
groupings

The study included all participants who met eligibility criteria for the study with no data collected on race, ethnicity, or other 
socially relevant groupings. 

Population characteristics Patients aged between 16 and 70 years with histologically confirmed stage T1-4, N0-2 (tumour or axillary lymph node 
diameter ≥ 10mm) invasive breast cancer, confirmed ER-negative and HER2-negative, and Eastern Cooperative Oncology 
Group performance status (ECOG PS) 0-1 were eligible. Detailed eligibility criteria are provided in the methods section.

Recruitment Participants were assessed after consent at 29 UK centres. Eligible participants were randomised to either treatment group(s) 
or the control. All patients across all sites were assessed for eligibility criteria during their standard clinical evaluation and 
multidisciplinary team meeting. The trial was offered when it was considered clinically appropriate. There were no self-
selection or site-based biases involved. 

Ethics oversight The PARTNER trial protocol (NCT03150576) was approved by North West - Haydock Research Ethics Committee (ref: 15/
NW/0926) 

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size In this TNBC (gBRCAwt) cohort, a total of 454 patients were needed to attest with 90% power and 5% significance level the null hypothesis of 
no difference in pCR rate between the two groups versus the alternative of 50% in control group and 65% in research group. Considering a 
non-compliance of 5%, it was planned to recruit a total of 478 TNBC (gBRCAwt) patients between the control and the selected research group. 

Data exclusions The main analysis was conducted based on the modified intention-to-treat (mITT) principle, which included all randomised, eligible patients 
excluding only those who did not start treatment. The safety analyses included patients who had at least one dose of trial treatment. 

Replication The main analyses were performed by another independent statistician and checked against the results of the trial statistician. Two 
pathologists independently reviewed the slides. The main analysis were performed by another independent statistician and checked against 
the results of the trial statistician at the final stage of the study. Two pathologist independently reviewed the slides simultaneously. All 
replications were successful. 

Randomization The trial was open label and eligible patients were randomly assigned to either the control group (chemotherapy: paclitaxel 80mg/m2 on day 
1, 8 & 15 and carboplatin AUC5 on day 1), or one of the two research groups (chemotherapy with olaparib 150mg twice daily on day -2 to day 
10 OR day 3 to day 14) using a minimisation method in a 1:1:1 ratio in Stage 1 and Stage 2 of the trial with a web-based central randomisation 
system. In Stage 3 (reported here), patients were randomly assigned with a 1:1 ratio to either control or research arm (olaparib 150mg bd on 
days 3 to day 14).

Blinding This is an open label study. The pathologists were blinded to the treatment arm. 

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration NCT03150576

Study protocol Available in supplementary materials and uploaded separately as a full protocol. 

Data collection Participants were assessed after consent at 29 UK centres between September 2016 to December 2021

Outcomes The primary endpoint was pathological complete response (pCR), and secondary endpoints included event-free (EFS), and overall 
survival (OS).

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches, 
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the 
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe 
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor 
was applied.

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If 
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Authentication Describe any authentication procedures for each seed stock used or novel genotype generated. Describe any experiments used to 
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism, 
off-target gene editing) were examined.
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