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ABSTRACT

Introduction: Chemotherapy is the only systemic 
treatment option for triple-negative breast cancer 
(TNBC) patients, and is often used in combination with 
anthracycline and taxane. However, it was reported that 
many TNBCs show BRCA dysfunction, and are sensitive 
to DNA-damaging agents, but tend to be resistant to 
mitotic poisons, such as taxanes.

Case Series: Triple-negative breast cancer patients 
who underwent neoadjuvant chemotherapy with 
anthracycline followed by taxane were analyzed. Clinical 
responses to taxane were evaluated by the percentage of 
shrinkage in tumor size after anthracycline treatment. 
BRCAness was analyzed by mutiplex ligation-dependent 
probe amplification (MLPA) in core-needle biopsy 
specimens of 7 patients with progressive disease or stable 
disease after taxane treatment. BRCAness scores of the 7 
patients were between 0.779 and 1.000 (0.939 ± 0.084), 
and all were categorized as having BRCAness.
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Conclusion: Patients resistant to taxane were 
categorized as having BRCAness by MLPA. Mutiplex 
ligation-dependent probe amplification may hence be a 
promising method to identify TNBC patients with taxane 
resistance.
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INTRODUCTION

Breast cancer treatment is determined based on each 
patient’s state of the estrogen receptor, progesterone 
receptor, and human epidermal growth factor receptor. 
Triple-negative breast cancer (TNBC) is defined as a 
subtype in which all of these receptors are negative, 
and comprises 10–20% of breast cancers. However, 
genetic expression profiles demonstrated that TNBC is 
a heterogeneous disease, with the following 6 subtypes: 
basal-like (BL)1, BL2, immunomodulatory, stem-cell like, 
luminal-androgen receptor (LAR), and mesenchymal-
like [1, 2]. Sensitivities to anticancer agents have been 
reported to be different among the subtypes. In a 
previous study on neoadjuvant chemotherapy (NAC), the 
pathological complete response rate was 63% in patients 
with BL1 and BL2, whereas it was 31% and 14% in patients 
with mesenchymal-like and LAR, respectively [3].
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BRCA1 is a gene that is associated with hereditary 
breast cancer. In mammary epithelial development, 
this mutation stops further differentiation, and hence 
this gene is involved in the occurrence of basal-like 
breast cancer [4]. Only 10–20% of patients are found to 
have a germline BRCA1 mutation [5]. However, BRCA1 
dysfunction has been observed in 60–70% of TNBCs, and 
is referred to as BRCAness [5, 6].

Several clinical studies reported that BRCA1 mutation 
carriers have a lower response to taxane than non-mutation 
carriers [7, 8]. Furthermore, previous clinical studies of 
neoadjuvant and adjuvant chemotherapy suggested that 
BRCAness is also associated with sensitivity to DNA-
damaging agents and resistance to mitotic poisons [9–12]. 
Therefore, BRCAness may be useful for subdividing TNBCs 
for selecting the most effective chemotherapy regimens. 
However, both anthracycline and taxane are presently 
used for treating all TNBC patients. It would hence be 
beneficial to identify patients who are resistant to taxane, 
before starting treatment. Thus, we performed a pilot 
study to analyze the efficacies of taxane as NACs in treating 
TNBC, as well as the potential of clarifying BRCAness by 
multiple ligation-dependent probe amplification (MLPA), 
to identify taxane-resistant TNBC patients.

CASE SERIES

Triple-negative breast cancer patients who underwent 
successive NAC treatment with anthracycline followed 
by taxane were analyzed. Patients underwent magnetic 
resonance imaging and/or ultrasound at 3 time points; 
i.e., before NAC, after anthracycline treatment, and after 
completing NAC.

Clinical responses to epirubicin and 
cyclophosphamide (EC)/fluorouracil, epirubicin, 
and cyclophosphamide (FEC), and docetaxel (DTX)/
paclitaxel (PTX) were evaluated by measuring changes 
in tumor diameter after completing the anthracycline 
regimens and taxane regimens, and were calculated as 
a percentage. An increase in tumor diameter of 20% or 
more was considered to be progressive disease (PD), 
whereas an increase of less than 20% to a decrease of less 
than 30% was considered to be stable disease (SD). With 
regard to DTX/PTX, the effectiveness was evaluated by 
comparing the diameter of the tumor with that at the 
end of the EC/FEC treatment. Ten patients in this case 
control study were found to be resistant to taxane (PD or 
SD) from their medical records, and paraffin-embedded 
block samples of the core-needle biopsy at diagnosis 
were available for 7 out of the 10 patients. These were 
cut into thin sections (volume: 1.4×22×0.01×2 mm3), 
and DNA was extracted using QIAamp DNA FFPE 
Tissue Kit (Qiagen, Hilden, Germany). Results obtained 
by the MLPA method were scored based on prediction 
analysis for microarrays; a cutoff value of 0.5 or higher 
was taken to be BRCA1-like (equivalent to BRCAness). 
According to previous reports, the MLPA method was 
performed by Falco Biosystems Ltd. (Kyoto, Japan) 
using P376-B2 BRCA1ness probemix (MRC-Holland, 
Amsterdam, The Netherlands) [13]. Sample volumes 
sufficient for BRCAness analysis were available for 
7 patients. BRCA-like scores of these patients were 
between 0.779 and 1.000 (0.939 ± 0.084), and all 7 
patients were categorized as having BRCAness (Table 
1). Changes in tumor diameter of the patients with 
BRCAness are shown in Figure 1.

Table 1: Characteristics of the 10 patients in whom BRCAness was analyzed.

Patient Age 
(years)

T N M Histology Chemotherapy 
regimen

Score Response 
of FEC/EC

Response 
of DTX/

PTX

Response 
of NAC

1 42 2 1 0 Poorly differentiated 
carcinoma

EC×4→DTX×4 0.779 BRCAness PR PD SD

2 55 2 1 0 Scirrhous carcinoma EC×4→DTX×3 0.84 BRCAness CR PD SD

3 53  4b 3b 1 Scirrhous or solid tubular 
carcinoma

EC×4→DTX×1 1 BRCAness PR PD PD

4 40 2 0 0 Invasive ductal carcinoma FEC×4→DTX×4 0.971 BRCAness PR PD SD

5 40 2 1 0 Invasive ductal carcinoma EC×4→DTX×4 0.99 BRCAness PR SD PR

6 30 1 0 0 Scirrhous carcinoma EC×4→DTX×4 0.999 BRCAness PR SD PR

7 35 2 0 0 Solid tubular carcinoma FEC×4→PTX×12 1 BRCAness PR SD PR

EC: epirubicin and cyclophosphamide, FEC: fluorouracil, epirubicin, and cyclophosphamide, DTX: docetaxel, PTX: paclitaxel, 
PD: progressive disease, SD: stable disease, PR: partial response, CR: complete response
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DISCUSSION

We found that all patients with PD or SD after taxane 
treatment had BRCAness, although they showed favorable 
responses to anthracycline treatment. These findings 
are consistent with our clinical experience that tumors 
sometimes shrink during anthracycline regimens and 
regrow during taxane regimens when performing NAC 
in TNBC patients. These findings imply that TNBC is 
generally more sensitive to anthracycline than taxane, 
or includes a subgroup that is resistant to taxane, and 
this may be associated with BRCA dysfunction in some 
TNBC patients. There are various strategies to identify the 
molecular features of BRCA dysfunction, including the 
sequencing of known homologous recombination (HR) 
genes, the promoter hypermethylation assay, identification 
of transcriptional metagene signatures, copy-number-
based methods, functional assays of HR competence, and 
MLPA, which have all been developed to detect BRCA1/
BRCA2 deficiency [13–15]. Among these, we focused on 
MLPA, because our previous randomized phase II clinical 
study demonstrated that BRCAness tumors are more 
sensitive to anthracycline than taxane [9].

In the present study, all 7 PD and SD patients 
during PTX/DTX treatment were categorized as having 
BRCAness. A previous study showed that 60–70% of 
patients have BRCAness among the general population 
of TNBC patients [6], which is clearly a high percentage. 
Based on the results of this pilot study and our previous 
study, we have started a prospective single-arm study 
of NAC by anthracycline regimens without taxane for 
patients with BRCAness. It is necessary to perform MLPA 
in all patients to clarify the association between BRCAness 
identified by MLPA and taxane resistance, as well as to 
compare BRCAness scores between patients with taxane 
resistance and those sensitive to chemotherapy. Some 

limitations of this study are that BRCAness scores were 
only measured in a small number of patients, and those 
chemoresistant patients and chemosensitive patients 
were not analyzed in this pilot study. Hence, we plan to 
perform further analyses of these points in a future study.

CONCLUSION

The results of our study suggest that some TNBCs 
are resistant to taxane, and the analysis of BRCAness by 
MLPA may be clinically useful for the identification of 
TNBC patients who are resistant to taxane, because this 
method is relatively simple and can be performed using 
paraffin-embedded tissue.
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