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Abstract Chemotherapy remains as the only systemic 

treatment option available for basal-like breast cancer (BC) 

patients. Preclinical models and several phase II studies 

suggested that platinum salts are active drugs in this BC 

subtype though there is no randomized study supporting 

this hypothesis. This study investigates if the addition of 

carboplatin to a combination of an alkylating agent toge- 

ther with anthracyclines and taxanes is able to increase the 

efficacy in the neoadjuvant treatment context. Patients with 

operable breast cancer and immunophenotypically defined 

basal-like disease (ER-/PR-/HER2- and cytokeratin 5/6? 

or EGFR?) were recruited. Patients were randomized to 

receive EC (epirubicin 90 mg/m2 plus cyclophosphamide 

600 mg/m2 for 4 cycles) followed either by D (docetaxel 

100 mg/m2 9 4 cycles; EC–D) or DCb (docetaxel 75 mg/ 

m2 plus carboplatin AUC 6 9 4 cycles; EC–DCb). The 

primary end point was pathological complete response 

(pCR) in the breast following the Miller and Payne criteria. 

Ninety-four patients were randomized (46 EC–D, 48 EC– 

DCb). pCR rate in the breast was seen in 16 patients (35 %) 

with EC–D   and   14   patients   (30 %)   with   EC–DCb 

(P value = 0.61). pCR in the breast and axilla was seen in 

30 % of patients in both arms. The overall clinical response 

rate was 70 % (95 % CI 56–83) in the EC–D arm and 77 % 

(95 % CI 65–87) in the EC–DCb arm. Grade 3/4 toxicity 

   was similar in both arms. The addition of carboplatin to 
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conventional chemotherapy with EC–D in basal-like breast 

cancer patients did not improve the efficacy probably 

because they had already received an alkylating agent. 

These findings should be taken into consideration when 

developing new agents for this disease. 

 
Keywords   Breast cancer · Neoadjuvant · Basal-like · 

Platinum salts 

 

 
Introduction 

 
Breast cancer (BC) is a heterogeneous disease, comprised 

of distinct biological subtypes with different natural his- 

tory, presenting a varied spectrum of clinical presentation, 

pathologic and molecular features with different prognostic 

and therapeutic implications. 

One of the most widely studied classifications of BC 

was proposed by the Perou group, which discriminates at 

least five intrinsic subtypes: luminal A, luminal B, HER2- 

enriched, basal-like (BL), and normal-like [1–5]. The BL 

subtype accounts for 10–25 % of all new cases of breast 

cancer (depending on the population demographic charac- 

teristics) and represents 50–75 % of the triple negative 

tumors [6]. From a biological point of view, these are 

tumors with a high proliferation rate as most of them are 

deficient in Rb1 y p53. In addition, they are associated with 

BRCA1 mutations. The deficiency in Rb1, p53, and 

BRCA1 is producing a high rate of aneuploidy and chro- 

mosomal translocations and deletions in these tumors [7]. 

The BL subtype is characterized by having a RE-/RP-/ 

HER2- and CK 5/6? or EGFR? profile by means of 

immunohistochemistry [8]. From a clinical point of view, 

those patients have an early recurrence pattern and shorter 

DFS and OS than the other subtypes [9, 10]. 

BL patients treated with anthracycline and taxanes- 

based neoadjuvant chemotherapy (CT) generally achieve 

high pCR rates [10–12]; however, their prognosis is the 

worst when compared to patients with other BC subtypes. 

There have been attempts to treat these patients with CT in 

combination with drugs inhibiting the EGFR pathway like 

cetuximab [13–15] or the DNA repair [16]. A high pro- 

portion of the triple negative patients have a BRCA1 

functional alteration; these tumors are sensitive to the 

interstrand cross-linking agents like the platinum salts. 

Based on that, these drugs have been tested in monotherapy 

in phase II trials in the neoadjuvant setting in triple nega- 

tive patients, achieving pCR rates of 22–83 %, being the 

higher ones in patients with BRCA1 mutations [17, 18]. 

However, there is no randomized study exploring if the 

addition of a platinum salt to a standard regimen with 

alkylating agents, anthracycline, and taxanes is able to 

improve the efficacy in these patients. 

This phase II randomized study investigates for the first 

time if the addition of carboplatin to one of the most used 

standard CT combinations is able to increase the pCR rate 

in basal-like BC patients. 

 

 
Patients and methods 

 
Eligibility criteria 

 
Patients [18-years  old  and  with  histologically  confirmed 

(by surgical or core biopsy) basal-like breast cancer, 

defined as ER negative, PgR negative, HER2 negative, and 

cytokeratin 5/6 or epidermal growth factor receptor 

(EGFR) positive by immunohistochemistry (IHC), were 

included. Tumor size had to be [2 cm or less if there was 

axillary involvement (pathologically confirmed). Patients 

were required to have ECOG performance status B1, 

normal cardiac function, and adequate bone marrow 

reserve and liver and renal functions. Patients were 

excluded if they had received previous treatment for the 

present disease, previous anthracycline and/or taxane 

administration, have concurrent treatment with corticoste- 

roids, selective estrogen-receptor modulators or hormonal 

replacement therapy, had inflammatory, bilateral invasive, 

or metastatic breast cancer, or if they had any other severe 

or uncontrolled systemic disease. Adequate contraception 

and a negative pregnancy test were required for women 

with child-bearing potential. Patients with a previous his- 

tory of cancer other than skin (no-melanoma), or cervix 

tumors adequately treated and other cancers treated more 

than 10 years before the study entry, were also excluded. 

 
Study design and treatment plan 

 
This was a multicenter, open label, randomized phase II 

trial. All eligible patients were randomly assigned, in a 1:1 

ratio, to receive neoadjuvant CT without carboplatin 

(standard arm) or with carboplatin (experimental arm) in 

blocks of four. Randomization was centralized at the 

GEICAM headquarters. Patients were stratified according 

to  institution,  tumor  size  (\1  vs  1–2  vs  2–5  vs [5 cm), 

histological tumor grade (I vs II vs III), and axillary status 

(N0 vs N1/2). 

Standard CT (EC–D) consisted of epirubicin 90 mg/m2 

plus cyclophosphamide 600 mg/m2 both administered intra- 

venously (iv) on day 1 every 21 days, for four cycles (first 

sequence) followed by docetaxel 100 mg/m2 administered iv 

on day 1 every 21 days for four cycles (second sequence). 

Experimental CT (EC–DCb) consisted of the same first 

sequence followed by a second sequence with docetaxel 

75 mg/m2 plus carboplatin AUC 6 administered iv on day 1 

every 21 days for four cycles (Fig. 1). After the neoadjuvant 
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Fig. 1 Trial design 
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formalin-fixed paraffin-embedded (FFPE) tumor sections 

using Clone SP1 (ER), Clone PGR Y85 (PR), Clone D5/ 

16B4 (CK5/6) (Master Diagnostica, Sevilla, Spain), and 

Clone 2-18C9 (EGFR) (DakoCytomation, Glostrup, Den- 

mark). ER and PR status were considered as positive if 

[1 % of tumor cells showed nuclear staining. CK5/6 and 

EGFR tumor immunoreactivity was scored into two cate- 

gories: negative (IHQ 0) and positive (IHQ 1?, 2?, 3?). 

HER2 was evaluated by IHQ using HercepTestTM 

(DakoCytomation) and FISH (in case of IHC 2?) using 

PathVysion kit (Abbott Park, IL, USA). 

Sixty-nine patient samples were also gene expression 

profiled using the PAM50 classifier performed by Nano- 

string nCounter technology and analyzed by means of the 

clinical algorithm for subtype prediction [22, 23]. Samples 

were assigned into the following intrinsic subtype catego- 

therapy, patients underwent mastectomy or conservative 

surgery plus axillary lymph node dissection (unless previous 

negative sentinel lymph node biopsy). Postoperative treat- 

ment was left under the investigator’s criteria. 

This trial was approved by the local Ethical Review 

Boards and the Spanish Ministry of Health, and registered 

in Clinical Trials. Gov with the number NCT00432172. 

The trial was conducted in compliance with Good Clinical 

Practices and the tenets of the Declaration of Helsinki. All 

patients provided written informed consent before entering 

the study. 

 
Assessments and endpoints 

 
The primary endpoint of the study was pathological com- 

plete response (pCR) rate in the breast. Secondary endpoints 

included safety, clinical response, breast conservative sur- 

gery rate, and axillary node status at the time of surgery. 

Before study entry, all patients underwent a breast and 

axillary disease assessment by physical examination, bilateral 

mammography, or magnetic resonance imaging (MRI). In 

addition, patients had ECOG performance status evaluation, 

surgical or core biopsy, complete blood cell count, serum 

chemistry, electrocardiogram (ECG), and left ventricular 

ejection fraction measurement (if clinically indicated). 

pCR was assessed at surgery following the Miller and 

Payne criteria [19]. Clinical response was evaluated 

according to the RECIST criteria after the first sequence and 

before surgery [20]. Adverse events were graded following 

the National Cancer Institute Common Terminology Criteria 

for Adverse Events (NCI-CTCAE) version 3.0 [21]; the 

worst grade for each patient was reported. 

 
Tumor tissue assessment 

 
ER, PgR, cytokeratin 5/6, and EGFR status was assessed 

by immunohistochemistry (IHC) in a central laboratory on 

ries: luminal A, luminal B, HER2-enriched, basal-like, and 

normal-like. 

 

Statistical methods 

 
A randomized phase II design was chosen not to enable 

comparison of the efficacy of the two arms, but to explore 

whether the EC–DCb efficacy precluded a comparison with 

EC–D in a formal randomized phase III trial. 

The sample size was calculated for the experimental arm 

by the 2-stage Simon method based on the primary study 

objective, pathological complete response. Sample size 

was based on a null hypothesis (H0) of pCR of 25 % and 

an alternative hypothesis (H1) of an assumed pCR of 45 %. 

Assuming an alpha error of 0.05 and a test power of 80 %, 

forty-three evaluable patients were required to be recruited 

in the EC–DCb arm. No minimum response criterion was 

proposed for the EC–D arm because it was considered the 

gold standard. 

The analyses of the primary endpoint and safety were 

performed on the evaluable population defined as the ran- 

domized and treated patients. The number and proportion 

of pCRs in each treatment arm and their two-sided 95 % 

confidence intervals were analyzed for the overall response 

analysis. 

 

 

Results 

 
Patient characteristics 

 
Between April-2007 and January-2010, 94 patients from 21 

participating centers were included and randomized (46 

patients to EC–D and 48 to EC–DCb). Patient character- 

istics were well balanced between treatment arms. Median 

age was 47 years (range 27–75 years). Sixty-six per cent of 

 

Stratification 

criteria: 

 
• Institution 

• Tumor size (<1 cm 

vs. 1-2cm vs. 2-5 

cm vs. >5) 

• Tumor grade (I vs. 

II vs. III) 

• Nodal status (N0 

vs. N1/N2). 
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Epirubicin 90mg/m2 + 
Cyclophosphamide 

600mg/m2 (q 21 days x 

4 courses) followed by 

Docetaxel 100mg/m2 

(q 21 days x 4 courses) 

Epirubicin 90mg/m2 + 
Cyclophosphamide 

600mg/m2 (q 21 days x 4 

courses) followed by 

Docetaxel 75mg/m2 

+ Carboplatin AUC 6 

mg/ml/min 

(q 21 days x 4 courses) 
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Table 1 Patient and disease characteristics Efficacy 

 
The efficacy data are shown in Table 2. The pCR rate was 

35 % (95 % CI 21–49) in the EC–D arm and 30 % (95 % 

CI 17–43) in the EC–DCb arm (not meeting the pre- 

specified goal of 45 %) (P value = 0.606). 

A pathological complete response in the breast and 

axilla was achieved in 30 % of the patients in both treat- 

ment arms. 
Menopausal status, n (%)   The overall clinical response rate was 70 % (95 % CI 

Premenopausal 33 (72) 29 (60) 56–83) in the EC–D arm (33 % CR and 37 % PR) and 
Postmenopausal 

Histologic type, n (%) 

13 (28) 19 (40) 77 % (95 % CI 65–87) in the EC–DCb arm (34 % CR and 

43 % PR) (P value = 0.445). Nine patients, 7 in the EC–D 
Ductal 39 (85) 41 (85) arm and 2 in the EC–DCb arm progressed during treatment. 
Other 7 (15) 7 (15) Mastectomy rate was 33 % (95 % CI 19–46) in the EC– 

Histological grade, n (%)   D arm and 28 % (95 % CI 15–40) in the EC–DCb arm 

1 1 (2) 2 (4) (P value = 0.603). 

2 9 (20) 13 (27)  

3 36 (78) 33 (69) Safety 

Tumor size, n (%) 

T1 3 (7) 6 (12) 

T2 34 (74) 31 (65) 

T3 8 (17) 10 (21) 

T4 1 (2) 1 (2) 

Median size by MRI, cm (range) 3.9 (1.9–10) 3.5 (1.3–12.7) 

Nodal status, n (%) 

N0 21 (46) 24 (50) 

N1 22 (48) 20 (42) 

N2 3 (6) 4 (8) 

 
 

 
the patients were premenopausal, 85 % had a histological 

diagnosis of ductal carcinoma, and 3, 23, and 73 % had 

histological grade I, II, and III, respectively. Sixty-nine per 

cent of patients have T2 tumors and 52 % positive axillary 

lymph-nodes (Table 1). 

All patients were ER/PgR/HER2 negative, 80 patients 

(85 %) were positive for CK 5/6, 78 patients (83 %) were 

positive for EGFR, and 64 patients (68 %) were positive 

for both. 

Sixty-nine patient samples were analyzed by PAM50 

and 61 of the tumors (88 %) were classified as basal-like 

by this test. 

Figure 2 shows the consort study flowchart. One patient 

never received treatment, thus was not considered evalu- 

able for efficacy or safety. Seventeen patients, eleven and 

six in the EC–D and EC–DCb arms, respectively, discon- 

tinued the treatment early. Reasons for discontinuation 

were toxicity in 7 patients, disease progression in 6 

patients, and other reasons in 4 patients. Thus, 76 patients, 

35 in the standard arm and 41 in the experimental arm, 

completed the treatment as planned. 

 
Adverse events were similar in both groups (Table 3). 

Adverse events of grade 3–4 were observed in 54 % of 

patients receiving EC–D and 55 % of those who received 

EC–DCb (P value = 1). 

Patients treated with EC–D experienced more neutro- 

penia, febrile neutropenia, fatigue, and infection (without a 

statistical difference); patients in the EC–DCb arm have 

more anemia and thrombocytopenia. 

 

 
Discussion 

 
Triple negative (TN) breast cancer is biologically charac- 

terized by having a high proliferation rate. From a clinical 

point of view, TN patients have a high recurrence rate after 

primary treatment [7, 9, 10]. The BL subtype, defined as 

ER-/PR-/HER2- and EGFR or CK 5/6 positivity by IHC 

[8], accounts for 50–75 % of the TN tumors and have the 

highest proliferation rate (6). BLBC patients are associated 

with high pCR rates when treated with neoadjuvant che- 

motherapy [11, 12]. In addition, it has been shown that 

pCR in these patients is associated with a better DFS and 

OS, suggesting that pCR is a good surrogate marker of 

long-term outcome in this subtype [24]. 

In contrast to the other subtypes, BLBC does not have 

any therapeutic target to block to achieve a consistent 

therapeutic benefit. Till now, the use of EGFR or PARP 

inhibitors has not demonstrated any clinically meaningful 

result in spite of previous robust data in preclinical models 

[13, 14, 25]. The biological similarity between BL tumors 

and those with BRCA1 mutation, as well as the fact that, in 

preclinical models, they show high sensitivity to DNA 

damaging drugs (like alkylating agents), led the scientific 

Characteristic EC–D 

N = 46 

EC–DCb 

N = 48 

Age, median (range) 

ECOG, n (%) 

47 (27–70) 47 (28–75) 

0 38 (83) 44 (92) 

1 7 (15) 4 (8) 

Unknown 1 (2) – 
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Fig. 2 Consort study flowchart 

 

 

 

 
 

 

Table 2 Response Table 3 Grade 3–4 NCI-CTCAE version 3.0 
 

Pathological response, N (%) EC–D 

N = 46 

EC–DCb 

N = 47 

 Adverse event, N (%) EC–D, 

N = 46 

EC–DCb, 

N = 47 

P value 

G1 5 (10.9) 4 (8.5) Hemoglobin 0 5 (10.6) 0.0057 

G2 8 (17.4) 9 (19.1) Leukocytes 4 (8.7) 6 (12.8) 0.5264 

G3 11 (23.9) 8 (17.0) Lymphopenia 1 (2.2) 4 (8.5) 0.1755 

G4 5 (10.9) 11 (23.5) Neutrophils 10 (21.7) 8 (17.0) 0.5648 

G5 16 (34.8) 14 (29.8) Platelets 0 3 (6.4) 0.0335 

Unknown 1 (2.2) 1 (2.1) Febrile neutropenia 7 (15.2) 5 (10.6) 0.5102 

PCR 16 (34.8) 14 (29.8) Hypersensitivity 2 (4.3) 1 (2.1) 0.5446 

[95 % CI] [21.0–48.5 %] [16.7–42.9 %] Fatigue 7 (15.2) 5 (10.6) 0.5102 

 P value = 0.606  Infection 4 (8.7) 4 (8.5) 1 

Clinical response, N (%)   Nausea/vomiting 2 (4.3) 3 (6.4) 0.6635 

Complete response 15 (32.6) 16 (34.0) Anya 25 (54.3) 26 (55.3) 1 

Partial response 17 (37.0) 20 (42.6) 

Stable disease 3 (6.5) 8 (17.0) 

Progressive disease 7 (15.2) 2 (4.3) 

Unknown 4 (8.7) 1 (2.1) 

ORR (CR ? PR) 32 (69.6) 36 (76.6) 

[95 % CI] [56.3–82.9 %] [64.5–86.7 %] 

P value = 0.4445 
 

 

 

 

community to the hypothesis that these drugs could be 

potentially useful in patients with this histological subtype 

[26, 27]. Several phase II studies have been performed with 

platinum salts in monotherapy in the neoadjuvant treatment 

of triple negative patients showing pCR rates of 22–83 % 

[17, 18]. Of note, the higher efficacy was seen in the 

 

Grade 3–4 adverse events C3 % in total 

a Patients with any grade 3–4 adverse event, excluding irregular 

menses 
 

 

BRCA1-mutated patients in whom pCR rates were up to 

75 % [17, 18]. In the same way, there are also available 

data of the combination of taxanes and platinum salts in the 

treatment of triple negative breast cancer patients with 

interesting results [28–30]. From these data, it has been 

speculated that platinum salts are especially active in the 

basal-like subtype and they are now the CT backbone to 

which new targeted drugs have been associated with 

[13, 16, 25]. However, their actual value has never been 

demonstrated in a randomized study. 

Randomized (n=94) 

Received complete treatment 
n=35 

Early treatment 

discontinuation n= 11 

Toxicity: 4 

Disease progression: 5 

Other: 2 

No treatment received 

n = 0 

Standard CT 

n = 46 

Received complete treatment 
n=41 

Early treatment 

discontinuation n = 6 

Toxicity: 3 

Disease progression: 1 

Other: 2 

No treatment received 

n = 1 

Experimental CT 

n = 48 
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The GEICAM/2006-03 study (basal subtype) is the first 

trial exploring this issue. In this particular study, the addition 

of carboplatin AUC 6 to a combination of epirubicin, 

cyclophosphamide, and docetaxel did not demonstrate an 

increase in the activity. In fact, the pCR rates in the breast in 

both combinations were the same; 35 % in the EC–D arm 

and 30 % in the EC–DCb arm (P value = 0.606). The pCR 

rates in both the breast and axilla were 30 % in both treat- 

ment arms. The adverse event rate was also not different 

between the schedules. 

The absence of an increase in the pCR rate makes 

the addition of carboplatin to a combination of alkylating 

agents plus anthracycline and taxanes will result in an 

increase in DFS with a longer follow-up very improbable. 

This lack of improvement in efficacy with the carbo- 

platin addition may be explained by a real lack of activity 

of platinum agents in these patients. Perhaps, the most 

probable explanation is that the platinum salts mechanism 

of action is biologically equivalent to the use of a classic 

alkylating agent like cyclophosphamide. In fact, combi- 

nations containing cyclophosphamide plus anthracyclines 

and taxanes have demonstrated high pCR rates in patients 

with triple negative tumors [11, 12, 24], even in BRCA1 

mutation carriers [31]. 

Whether platinum salts, either in monotherapy or 

included in standard chemotherapy regimens, are more 

effective than alkylating agents in combination with 

anthracyclines and taxanes (like the one used in this 

study) in patients with BRCA1 mutation, is a question to 

be elucidated. Comparative studies in triple negative 

breast cancer patients using platinum salts in combination 

with taxanes against standard chemotherapy regimens are 

also warranted. So, in our opinion, until it is not dem- 

onstrated that new CT schedules with platinum salts are 

superior to ECD, the design of new therapeutic strategies 

including new targeted agents in this patient population 

should include standard chemotherapy regimens as a 

backbone. 
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