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Abstract Background Ten patients with breast cancer and

a breast cancer susceptibility gene 1 (BRCA1) mutation, who

presented with stages I to III breast cancer between

December 2006 and 2007, were treated with four cycles of

neoadjuvant cisplatin, followed by mastectomy and con-

ventional chemotherapy. Methods The excised breast tissue

and lymph nodes were examined for the presence of residual

disease. Results Pathologic complete response was observed

in nine patients (90%). Conclusions Platinum-based che-

motherapy appears to be effective in a high proportion of

patients with BRCA1-associated breast cancers. Clinical

trials are now warranted to determine the optimum treatment

for this subgroup of breast cancer patients.
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Abbreviations

BRCA1 Breast cancer susceptibility gene 1

DNA Deoxyribonucleic acid

WHO World Health Organization

BRCA2 Breast cancer susceptibility gene 2

PARP Poly ADP-ribose polymerase

Introduction

Chemotherapy for breast cancer is often given prior to

primary surgery (neoadjuvant chemotherapy) to decrease

the size of the tumor in order that breast-conserving sur-

gery can be performed, and to reduce the probability of

lymph node involvement [1]. A further advantage of neo-

adjuvant therapy is that it helps to assess chemo-sensitivity

to a particular agent; i.e. if the tumor does not diminish in

size, then it is unlikely that the treatment will benefit the

patient. In some cases, the breast cancer will regress

completely, with no evidence of residual tumor, either in

breast or the axilla (pathological complete response). In

longitudinal studies, pathological complete response is

predictive of prolonged disease-free survival and of overall

survival [2].

The majority of breast cancer susceptibility gene 1

(BRCA1) mutation carriers diagnosed with breast cancer

receive chemotherapy, because their tumors are typically

high-grade [3], are estrogen-receptor negative [4] and

exhibit rapid growth [5]. In two historical cohort studies,

BRCA1-associated breast cancers appeared to be more

sensitive to various forms of chemotherapy than non-

hereditary tumors [6, 7]. There is increasing evidence that

deoxyribonucleic acid (DNA)-repair defects, which are

characteristic of BRCA1-related cancers, confer sensitivity

to particular systemic agents [8]. For example, in vitro

studies of BRCA1-associated breast cancer cell lines show

a high degree of sensitivity to agents that bring about inter-

strand cross-links, such as platinum-based drugs [9–12].

Shafee et al. studied mice which carried somatic mutations

in BRCA1 and p53 in the breast tissue and who developed

spontaneous breast cancers [13]. When treated with high-

dose cisplatin, 100% of 19 mice had a pathologic complete

response. The same mice were refractory to doxorubicin.
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Platinum-based compounds have not been found to

benefit the majority of breast cancer patients [14], but to

date, no studies have investigated the role of platinum

chemotherapy in the subgroup of BRCA1 mutation carri-

ers. The objective of this study was to assess the frequency

of complete pathologic response following neoadjuvant

cis-platinum chemotherapy in women with breast cancer

and a BRCA1 mutation.

Materials and methods

Study design and entry criteria

Patients were eligible for the study if they had a patho-

logically-proven diagnosis of invasive breast cancer by

core biopsy or fine-needle aspiration biopsy and if they

carried a pathogenic BRCA1 mutation. Eight patients were

treated in Szczecin, Poland and two were treated in Biel-

sko-Biala. In these centers, genetic testing is offered to all

women with incident breast cancer. BRCA1 testing was

conducted for the three founder mutations seen in Poland,

according to a previously-described protocol [15]. For the

purpose of this study, genetic testing was expedited; in

most cases the test result was available within five days of

diagnosis. Written informed consent was obtained from

each patient. The protocol was approved by the Research

Ethics Review Board of the Pomeranian Medical

Academy.

Patients with a previous diagnosis of breast cancer or

other cancer were excluded (three patients). Patients who

received prior chemotherapy were excluded (three

patients). Patients with metastatic disease (stage IV) at

presentation were excluded (one patient). One patient

presented with primary breast cancer after a previous

prophylactic bilateral mastectomy and was excluded.

No patient received any medication that affected renal

function; none was pregnant or breastfeeding, and none had

an active infection, symptomatic congestive heart failure,

unstable angina pectoris, cardiac arrhythmia, or psychiatric

illness. Patients were evaluated for renal function, liver

function, and hematology prior to therapy. All were within

normal limits.

Prior to platinum chemotherapy, the clinical and histo-

logic features of the breast cancers were assessed. Tumor

size was evaluated by clinical examination and by ultra-

sound, in some cases supplemented by mammogram.

Histology was evaluated in nine cases by core biopsy and

in one case by fine needle aspiration. For the nine cases that

underwent core biopsy, grade, ER, PR, and ERBB2 status

were evaluated by immuno-histochemistry. Immunohisto-

chemical studies were not done for the patient who had a

fine needle biopsy. Grade was evaluated in the core biopsy

specimen using the Bloom–Richardson classification

system.

Treatment

Cisplatin chemotherapy was administered at a dose of

75 mg/m2 every 3 weeks for four cycles. Each cycle was

21 days. Granulocyte colony-stimulating factor (G-CSF)

was not given to any patient. Dexamethasone (8 mg) was

administered once daily for 3 days after chemotherapy.

Ondansetron (ZophrenTM; GlaxoWellcome) was used for

anti-nausea prophylaxis. Toxicity (nausea, vomiting, neu-

tropenia) was assessed using the National Cancer Institute

Common Toxicity Criteria after each cycle [16].

After cis-platinum chemotherapy, all patients were trea-

ted with mastectomy and axillary lymph node dissection.

Surgery was followed by post-operative chemotherapy (four

cycles of Adriamaycin and cyclophosphamide). Two

patients received radiotherapy. No patient received Trast-

uzumab (HerceptinTM) or hormonal therapy.

Response criteria

Clinical response was considered complete if there was no

evidence of the primary breast tumor according to the

World Health Organization (WHO) criteria (total disap-

pearance of the tumor in breast and lymph nodes) [17].

Clinical response was considered ‘partial’ if there was a

reduction of C50% in the product of the two largest per-

pendicular diameters of the tumor. If the tumor area

showed a reduction of\50% or an increase of[25% in the

products of the largest diameter, then the patient was

classified as a non-responder.

The primary endpoint of this study was pathologic

complete response. Pathologic response was considered

complete if there was no evidence of invasive breast tumor

and the lymph nodes were negative. Pathology specimens

were reviewed by two pathologists. If there was evidence

of breast carcinoma in situ, but no evidence of invasive

disease, this was still considered to be a pathologic com-

plete response.

Results

Patients

From December 2006 to 2007, 10 patients were enrolled in

the study. Patient characteristics are summarized in

Table 1. All patients had a BRCA1 mutation; of these,

eight (80%) carried the common 5382insC founder muta-

tion. The median age of diagnosis was 45 years (range

38–57 years). The median pre-treatment tumour size was
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2.5 cm (range 1.0–6.5 cm). Clinically-positive lymph

nodes were noted in three patients (30%). Nine patients had

immunohistochemical studies; all were negative for estro-

gen receptor, progesterone receptor and ERBB2 (i.e. were

triple-negative).

Seven patients received the planned four cycles of cis-

platin. Three patients stopped treatment after two cycles.

One patient stopped due to side effects (nausea and vom-

iting) and two patients chose to stop treatment in order to

expedite surgery. No patient experienced febrile neutro-

penia and no patient received G-CSF. No grades 3 or 4

anemia was observed.

After neoadjuvant cisplatin, no patient had clinical

evidence of disease in the breast, but one patient had pal-

pable lymph nodes (clinical response rate 90%). The

patient with a partial clinical response had received only

two cycles of chemotherapy. All 10 patients then had a

mastectomy and lymph node dissection. Nine patients

achieved a complete pathological response (90%) with no

residual disease in the breast or the axilla (Table 2). The

patient who did not achieve a clinical complete response

(described above) had three (of 11) axillary nodes positive

for tumour cells, but she had no residual disease in the

breast. There was no evidence of ductal carcinoma in situ

in any breast specimen.

Discussion

Our study indicates that a high proportion of women with

BRCA1-associated breast cancers will respond to plati-

num-based chemotherapy. Four cycles of cis-platinum in

the neoadjuvant setting resulted in a complete pathologic

response in all seven patients who completed treatment.

Only one patient did not achieve a pathologic complete

response—she completed only two cycles of chemotherapy

(of the three patients who received two cycles, two

Table 1 Baseline clinical characteristics of the study population

(N = 10)

Characteristic No. %

Age (years)

Mean 46.7

Range 38–57

Type of BRCA1 mutation

5382insC 8 80

C61G 2 20

Treating hospital

Szczecin 8 80

Bielsko-Biala 2 20

Clinical tumor stage

T1 (\2 cm) 5 50

T2 (C2 cm to C5 cm) 4 40

T3 ([5 cm) 0 0

T4 1 10

Clinical nodal status

N0 7 70

N1 1 10

N2 2 20

N3 0 0

Bloom–Richardson grade

I 0 0

II 0 0

III 9 90

Unknown 1 10

Estrogen receptor levels

Positive 0 0

Negative 9 90

Missing 1 10

Progesterone receptor levels

Positive 0 0

Negative 9 90

Missing 1 10

HER2 status

0 9 90

1+ 0 0

2+ 0 0

3+ 0 0

Missing 1 10

Table 2 Response to treatment

Response No. %

Clinical response

Complete response 9 90

Partial response 1 10

No change 0 0

Progressive disease 0 0

Pathologic response

Complete pathologic response 9 90

Partial reseponse 1 10

No response 0 0

Residual disease in breast

None 10 100

\1 cm 0 0

1–3 cm 0 0

4–9 cm 0 0

[9 cm 0 0

Number of lymph nodes positive

0 9 90

1–3 1 10

4–9 0 0

[9 0 0
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achieved pathologic complete response). Compliance was

excellent and only one patient experienced significant

toxicity, namely nausea and vomiting (a known side effect

of cisplatin).

Despite the small sample size, this is the highest

observed rate of pathological complete response for breast

cancer for any treatment studied to date. Initial studies with

neoadjuvant therapy with anthracycline and taxane com-

bination chemotherapies achieved pathologic complete

response (pCR) rates of 15–34% [18]. With the introduc-

tion of trastuzumab (HerceptinTM) for HER2 positive

patients, pCR rates have been observed as high as 68% in

some studies [17].

Pathologic complete response is a good predictor of

recurrence-free survival. Liedtke et al. [2] reviewed out-

comes in 1,118 patients who received neoadjuvant

chemotherapy (various agents) at MD Anderson Cancer

Center from 1985 to 2004. Overall, 15% of the patients

experienced a pathologic complete response, including 57

of 255 patients (22%) with triple-negative breast cancer. Of

the 57 patients with triple negative breast cancer who

experienced a pathologic complete response, the overall

five-year survival rate was 94%, and all deaths occurred in

the 3 years following of treatment. The majority of

BRCA1-associated breast cancers are triple-negative; in

our study, all patients had triple-negative breast cancer

(one was not tested). It is hoped that the survival experi-

ence of BRCA1-positive, triple-negative breast cancer

patients with pathologic complete response to cisplatinum

will be similar to that of the patients in the MD Anderson

series. This will be the subject of future studies.

Platinum-based chemotherapy is the standard of care for

patients with invasive ovarian cancer. Observational trials

suggest that carriers of BRCA1 mutations with ovarian

cancer may be more sensitive to the effect of platinum-

based chemotherapy than non-carrier women [19]. Our

study suggests that clinical studies of cisplatin might also

be extended to BRCA1 carriers with other solid tumors,

such as prostate and pancreatic cancer or to breast cancer

susceptibility gene 2 (BRCA2) patients. There is also

interest in evaluating the effect of platinum-based therapy

in triple-negative breast cancer patients who do not harbor

a BRCA1 mutation. It may be that the best use of platinum-

based chemotherapy will be in combination with agents

that potentiate the effects of DNA-damaging agents, such

as the inhibition of enzymes involved in base-excision

repair, e.g. Poly (ADP-ribose) polymerase (PARP) [20].

We believe that the homogeneity in response to cisplatin

that we have observed is a reflection of the homogeneous

etiology underlying the breast cancers. Our study confirms

the potential benefit of tailoring therapy to specific sub-

groups of breast cancer patients.
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