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Abstract Triple-negative breast cancers comprise about
20 % of breast cancers. They have poor prognosis and have
no standard therapy. The aim of this study was to evaluate
pathologic complete response (pCR), progression-free sur-
vival (PFS), and overall survival (OS) in patients with TNBC
treated with neoadjuvant platinum-based chemotherapy.
This is a retrospective study of one hundred and forty-four
women with TNBC treated with neoadjuvant platinum-
containing chemotherapy for locally advanced breast cancer
at the University of Miami between January 1, 1999, and
January 1, 2011. The medical record was reviewed to obtain
data on clinical characteristics, including ethnicity, race, age,
clinical stage, treatment regimen, and vital status. This study

Preliminary results of this study were presented at the annual
meetings of the American Society of Clinical Oncology in 2009
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was approved by the University of Miami IRB. All patients
had locally advanced breast cancer with at least one of the
following features at presentation: T3, T4, N2, and N3. The
mean tumor size by palpation was 9.4 cm. The clinical
T-stage at presentation was 1.4 % T1, 8.3 % T2,52.8 % T3,
and 37.5 % T4 (19.4 % T4d). The nodal status by physical
exam at presentation was 23 % NO, 37.5 % N1, 34 % N2,
and 5.5 % N3. pCR in breast and axilla was seen in 31 %.
PFS and OS were 55 and 59 %, respectively, at 7 years.
Cisplatin offered a survival advantage over carboplatin in
both PFS (P = 0.007) and OS (P = 0.018). Node positivity
was the most important predictor of survival. Cisplatin/
docetaxel neoadjuvant therapy was well tolerated and an
effective therapy in locally advanced TNB.
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Introduction

Breast cancer is a heterogeneous group of diseases,
embracing a number of different entities that vary in their
morphology, biological behavior, clinical outcome, and
response to therapy [1]. The groundbreaking work of Perou
et al. [2, 3] demonstrated that the majority of breast cancers
could be divided into five distinct genetic signatures, each
with its own prognosis. The HER2 overexpressing and
basal-like subtypes were associated with the worst clinical
outcomes, with the basal-like group linked to the shortest
relapse-free and overall survival times.

The basal-like subgroup expressed CK5/6, CKl14,
CK17, p53, p63, vimentin, smooth muscle actin (SMA),
c-kit, P-cadherin, and epidermal growth factor receptor 1
(EGFR) and was missing estrogen receptor (ER), proges-
terone receptor (PR), or Her-2 [4-10]. Triple-negative
breast cancer (TNBC) is defined by the lack of ER, PR, and
HER2 expression on immunohistochemical staining. A
majority of the TNBC tumors are of the basal subtype.
TNBCs are usually high-grade tumors and frequently
associated with the p53 mutation. TNBC is characterized
by higher incidence of visceral and cerebral metastases
[11-14]. TNBC is more common in African-American,
African, and younger women [15]. The risk of distance
recurrence appears to peak at 3 years from diagnosis and
declines rapidly thereafter [8]. Triple-negative breast can-
cers are commonly found in women who have germline
mutations in BRCA1 or BRCA 2. However, a majority of
women with triple-negative tumors do not have germline
mutations [16]. Preclinical data suggest that TNBC may be
sensitive to interstrand crosslinking agents that damage the
DNA such us platinum because of deficiencies in the
BRCA-associated DNA repair mechanism [17-23]. Cur-
rently, there is no consensus regarding optimal systemic or
targeted therapy for TNBC.

The aim of this study was to evaluate pathologic com-
plete response (pCR), progression-free survival (PFS),
overall survival (OS), and factors that predict for them in
patients with TNBC treated with neoadjuvant platinum-
based chemotherapy.

Methods

Study population

This retrospective study was approved by the University
of Miami IRB

One hundred and forty-four women with TNBC were

treated with neoadjuvant platinum-containing chemother-
apy for locally advanced breast cancer at the University of
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Miami between January 1, 1999, and January 1, 2011.
Many of these women were treated on prospective trials
evaluating the use of platinum-based chemotherapy in the
neoadjuvant setting. The medical record was reviewed to
obtain data on clinical characteristics, including ethnicity,
race, age, clinical stage, treatment regimen, and vital status.

Response criteria

Pathologic complete response (pCR) is defined as the
absence of invasive tumor. A specimen containing only
ductal carcinoma in situ or lobular carcinoma in situ would
be registered as a pathologic complete response. We have
specified pCR in the breast, pCR in the axilla, and pCR in
the breast and axilla to facilitate a comparison with other
studies. Patients who did not have surgery either because of
unresectability or refusal were classified as having no pCR
in the breast and as having >4 lymph nodes positive for
tumor in the axilla. Progression (PD) during NACT was
defined as a lack of clinical response to NACT in the pri-
marily involved disease site(s) or clinical evidence of
locoregional progression during NACT. Locoregional
recurrence (LR) after NACT and definitive surgery was
defined as recurrence in the breast or chest wall (CW) and/
or axillary, supraclavicular, or internal mammary lymph
nodes.

Treatment

All patients received neoadjuvant platinum salts (either
cisplatin or carboplatin) with docetaxel. There were five
chemotherapy regimens used. An anthracycline regimen
was given to all patients. Doxorubicin and cyclophospha-
mide (AC) were the most commonly used (96 %) and
could be given neoadjuvantly (61 %) or adjuvantly (34 %).

Regimen 1 Cisplatin 70 mg/m?* + docetaxel 70 mg/m?>
every 21 days x 4 — surgery —» AC x 4.

Regimen 2 Cisplatin 70 mg/m? 4 docetaxel 70 mg/m?>
every 21 days x 4 - AC x 4 — surgery.

Regimen 3 Carboplatin AUC 2 + docetaxel 35 mg/m?
weekly x 3 repeat every 28 days x 4 —
surgery — AC x 4.

Regimen 4 Carboplatin AUC 5 + docetaxel 75 mg/m?
every 21 days x 4 — surgery —» AC x 4.

Regimen 5 Carboplatin AUC 5 + docetaxel 75 mg/m?

every 21 days x 4 - AC x 4 — surgery.

The surgery offered was modified radical mastectomy or
breast conservation with axillary node dissection based on
the clinical response and the physician and patient prefer-
ences. Based on the fact that all patients had locally
advanced breast cancer at presentation, all patients were
offered radiation therapy (RT) to the breast or chest wall
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(CW) =+ regional lymph nodes after surgery, and the
median total breast/CW dose inclusive of boost was
60.4 Gy. RT was generally delivered using medial and
lateral photon tangents; in patients who had mastectomy, a
1-cm bolus was placed over the chest wall every other day.
Treatment of the internal mammary nodes with a medial
electron field was rarely performed. Some patients received
radiation to the supraclavicular nodes; radiation to the SCV
was delivered by a standard anterior or anterior oblique
field, prescribed to a depth of 3-5 cm.

Statistical analysis

Patient disease and treatment characteristics, and clinical
outcomes, were summarized overall and by neoadjuvant
chemotherapy (NACT) using descriptive statistics. Fisher’s
exact test or y° test for categorical variables and Student
t test for quantitative variables were used in comparing
cisplatin versus carboplatin NACT. OS was defined as the
elapsed time from start NCAT to death. PFS was defined as
the elapsed time from start NCAT to date of first evidence
of disease progression or recurrence, or date of death,
whichever was earlier. Event-free patients were censored at
the date of last follow-up. The date of disease progression
was selected as the date of radiologic progression. Rates of
PD during NACT, LR, and distant metastasis as first failure
were estimated by the method of cumulative incidence
allowing for competing risks as described by Gray [24]
using the “cuminc” procedure in the R statistical package
“cmprsk.” The effect of prognostic factors was examined
by Gray’s test as part of the cuminc procedure or the test of
Fine and Gray [25] based on the competing risk Cox pro-
portional hazards regression method implemented in the
“crr” procedure in the “cmprsk” package. PFS and OS
were estimated by the Kaplan—Meier method with 95 %
confidence intervals (95 % CIs) based on the log-log
transform method and Greenwood’s variance. The effects
of prognostic factors were examined using the logrank test
and Cox proportional hazards regression analysis [26].
Analyses were conducted using the SAS® version 9.3.

Results
Patient demographics

The demographic characteristics of the patients included in
the study are shown in Table 1. The median age was 49
(range 27-86). Fifty-eight percent of the patients were
premenopausal. The racial and ethnic makeup of our
cohort shows that 62 % were Caucasian, 36 % African
descent, 2 % Asian, and 58 % were Hispanic. Our patients
came from 21 countries on 4 continents.

Tumor characteristics

All patients had locally advanced breast cancer with at
least one of the following features at presentation: T3, T4,
N2, and N3. The mean tumor size by palpation was 9.4 cm.
The clinical T-stage at presentation was 1.4 % T1, 8.3 %
T2, 52.8 % T3, and 37.5 % T4 (19.4 % T4d). The nodal
status by physical exam at presentation was 23 % NO,
37.5 % N1, 34 % N2, and 5.5 % N3. Invasive ductal car-
cinoma accounted for 72.5 % of the histologic types, while
12.5 % were metaplastic, 8.3 % medullary, and 7.7 %
other histologies (Table 1).

Progression-free survival

The median follow-up of the 88 alive and progression-free
patients is 4.0 years with a range from 0.7 to 11.3 years.
PFS is based on 56 events, including 11 progressions during
NACT and 45 who relapsed after surgery. Four of the 11
patients who progressed during NACT were alive at 1.2,
1.5, 6.4, and 10 years, three of them with no evidence of
disease. Six of the 45 patients who progressed after surgery
were alive at last follow-up, but none were disease free.

The PFS by Kaplan—Meier analysis for the whole pop-
ulation and by selected prognostic factors is shown in
Fig. 1. The percent of women without progression or
relapse at 1 year was 84 %; at 2 years 68 %; at 3 years
60 %:; at year 4 57 %; and at years 5, 6, and 7, it was 55 %.
Factors affecting PFS in univariate Cox regression analysis
were pCR in the breast and axilla versus no pCR (HR 0.22,
P = 0.001), cisplatin chemotherapy vs carboplatin (HR
0.49, P = 0.007), >3 lymph nodes involved with tumor
after NACT versus none (HR 7.52, P = 0.0001), Stage 3
versus Stage 2 (HR 3.18, P = 0.008), T4 versus T1, 2, 3
(HR 3.69, P < 0.0001), and tumor diameter >8 cm (HR
2.07, P = 0.01). In multivariate analysis, the factors that
predicted for PFS were cisplatin chemotherapy (HR 0.55,
P = 0.045), >3 lymph nodes involved with tumor (HR
3.55, P < 0.001), and T4 (HR 3.31, P = <0.0001). Race,
ethnic group, age, histology, and menopausal status had no
significant effect on PFS (Table 2).

Overall survival

The median follow-up of the 98 alive patients was 3.8 years
with a range from 0.7 to 11.3 years. There were 46 deaths,
including 39 deaths from breast cancer, 6 from other causes,
and 1 of unknown cause. The percent of women surviving at
one year was 94 %; attwo years 78 %; at three years 70 %; at
four years 64 %; at five years 61 %; and at 6, 7, and 8 years
59 % (Fig. 2). The OS by Kaplan—Meier analysis for the
whole population and by selected prognostic factors is shown
in Fig. 2. Factors significantly affecting OS in univariate
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Table 1 Demographics and disease characteristics: total patients and by NACT

Total patients (144) NACT P
Cisplatin (97) Carboplatin (47)
N % N % N %
Race
African descent 52 36.1 35 36.1 17 36.2 0.902*
White 89 61.8 59 60.8 30 63.8
Asian/other 3 2.1 3 3.1 - -
Ethnicity
Hispanic 83 57.6 52 53.6 31 66.0 0.160°
Non-Hispanic 50 34.7 35 36.1 15 319
Haitian/Caribbean Islander 7 4.9 6 6.2 1 2.1
Other/unknown 4 2.8 4 4.1 - -
Age (years)
<50 80 55.6 56 57.7 24 51.1 0.450
>50 64 444 41 42.3 23 48.9
Median (range) 49.1 (27-86) 48.9 (27-68) 50.0 (31-86)
Mean (SD) 50.1 (9.2) 50.0 (8.4) 50.3 (10.8) 0.863
Menopausal status
Pre/peri 83 57.6 57 58.8 26 55.3 0.695
Post 61 42.4 40 41.2 21 44.7
Histology
Ductal 103 71.5 67 69.1 36 76.6 0.348°
Metaplastic 18 12.5 14 14.4 4 8.5
Medullary 12 8.3 10 10.3 2 43
Other? 11 7.7 6 6.2 5 10.6
Stage
Stage ITIA 4 2.8 4 4.1 - -
Stage 1B 28 19.4 20 20.6 8 17.0
Stage IIIA 52 36.1 36 37.1 16 34.0 0.296°
Stage 11IB 52 36.1 31 32.0 21 447 0.218f
Stage IIIC 8 5.6 6 6.2 2 43
T-stage
Tl 2 14 2 2.1 - -
T2 12 8.3 8 8.2 4 8.5
T3 76 52.8 54 55.7 22 46.8
T4 26 18.1 17 17.5 9 19.1 0.215¢
T4d 28 194 16 16.5 12 25.5 0.199"
Clinical tumor size, cm (n = 143)
Median (range) 8 cm (1-26) 7 cm (1-26) 8 cm (2.5-26)
Mean (SD) 9.4 cm (54) 9.2 cm (5.4) 9.7 cm (5.7) 0.589
N-stage
NO 33 22.9 26 26.8 7 14.9 0.2741
N1 54 37.5 34 35.1 20 42.6 0.111
N2 49 31 29.9 18 38.3
N3 8 49 6 5.2 2 43

P: P value from Fisher’s exact test, xz test, or Student 7 test

2 African descendent versus white; ° Hispanic versus other categories; ¢ ductal versus others; 4 include five poorly differentiated carcinomas and
one mammary histology in the cisplatin group, and one lobular histology and four not specified in the carboplatin group; © stage II versus III;
f stage II/IITA versus IIIB/IIIC; € T4/T4d versus others; " T4d versus others; ' NO versus N1 versus N2-3; ! NO versus N1-3
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Fig. 1 Progression-free
survival for a total of 144 triple-
negative patients and by
selected predictors (bottom of
plot displays number at risk for
each group, vertical bar
indicates censored observations,
and P = P value for the logrank
test)
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analysis were pCR in the breast and axilla (HR 0.32,
P = 0.009), cisplatin chemotherapy versus carboplatin (HR
0.40, P = 0.002), >3 axillary node involvement after NACT
versus none (HR 8.74, P < 0.0001), 1-3 axillary node
involvement versus none (HR 2.87 P = 0.007), and T4
versus T1, 2, 3 (HR 3.19, P < 0.0001). In multivariate
analysis, cisplatin therapy (HR 0.48, P = 0.018), >3 lymph
node residual (HR 5.74, P < 0.0001), and T4 disease (HR

2.59, P = 0.003) remained predictive of OS. There was no
difference in OS based on race, ethnic group, age, meno-
pausal status, or histology (Table 2).

Local relapse

There were 56 failure events, including 11 progressions
during NACT, and 18 locoregional failures with chest wall

@ Springer



788

Breast Cancer Res Treat (2013) 138:783-794

Table 2 Univariate and multivariate effects of potentially prognostic factors on PFS and OS

Prognostic factor ~ Progression-free survival

Overall survival

Univariate Multivariate Univariate Multivariate
HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P
NACT cisplatin 0.49 (0.29, 0.82) 0.007  0.55(0.31,0.99) 0.045 0.40 (0.22, 0.71) 0.002  0.48 (0.26, 0.88) 0.018
versus
carboplatin
pCR in breast and 0.22 (0.10, 0.52) <0.001 0.45 (0.17, 1.19)  0.108  0.32 (0.14, 0.76) 0.009  1.06 (0.36, 3.08) 0.920
axilla versus no
pCR
Positive LN 1-3 2.14 (1.06, 4.31) 0.033  1.07 (0.49, 2.35) 0.859 2.87 (1.33, 6.21) 0.007  2.21 (0.89, 5.49) 0.086
versus 0
Positive LN 4-+/ 7.52 (4.08, 13.86) <0.0001 3.55 (1.73, 7.26) <0.001  8.74 (4.36, 17.51) <0.0001 5.74 (2.44, 13.52) <0.0001
unknown versus
0
T4 any versus 3.69 (2.16, 6.32) <0.0001 3.31 (1.83, 6.01) <0.0001 3.19 (1.77,5.75) <0.0001 2.59 (1.37, 4.88) 0.003
other
T4d versus other 2.43 (1.37, 4.30) 0.002 - - 2.92 (1.59, 5.38) <0.001 - -
T4 a—c versus 3.88 (2.04, 7.39)  <0.0001 - - 2.61 (1.22, 5.61) 0.014 - -
T1-3
T4d versus T1-3 3.53 (1.88, 6.63) <0.0001 - - 3.70 (1.91, 7.18)  <0.001 - -
Stage III versus II  3.18 (1.36, 7.43) 0.008 - - 3.26 (1.29, 8.28) 0.013 - -
PCR in breast 0.36 (0.17, 0.76) 0.008 - - 0.26 (0.12, 0.54) <0.001
versus no pCR
Clinical tumor size 2.07 (1.19, 3.61) 0.010 - - 2.21 (1.19, 4.11) 0.012 - -
>8 versus
<8 cm
Medullary versus 1.44 (0.69, 2.98) 0.328 - - 1.02 (0.56, 1.87) 0.944 -
other histology
Ductal versus 0.27 (0.04, 1.99) 0.200 - - 0.39 (0.10, 1.60) 0.191 - -
other histology
Black versus other 1.54 (0.91, 2.61) 0.109 - - 1.58 (0.88, 2.84) 0.123 - -
Hispanic versus 0.79 (0.47, 1.33) 0.371 - - 0.77 (0.43, 1.38) 0.387 - -
Non-Hispanic
Age <50 versus 1.71 (0.98, 2.97) 0.058 - - 1.44 (0.79, 2.62) 0.235 - -
>50 years
Pre/peri versus 1.14 (0.66, 1.94) 0.642 - - 0.79 (0.44, 1.42) 0.430 - -

postmenopausal

HR (95 % CI): estimated hazard ratio and corresponding 95 % confidence interval; P: P value from fitted Cox models. Multivariate Cox models
were obtained from applying stepwise selection procedure with criteria 15 % as significance level for entry and 5 % for stay in the model. In
addition, NACT and pCR in breast and axilla were forced in the models. Six patients who did not have surgery were considered no pCR and

potentially having 4+ positive LN (worse outcomes)

involvement (with or without distant failure). The 5-year
incidence rate of locoregional failure was 15.1 % (95 % CI
9.2-23.0 %) and of distant failure was 22.2 % (95 % CI
15-30 %), taking into account progression during NACT
as a competing risk for the first site of failure. Initial stage,
age, race, menopausal status, histology, and T4 status did
not predict local relapse. No pCR in the breast and axilla
(HR =7.59, P =0.047), no pCR in the breast
(HR = 4.38, P = 0.047), more than 3 residual axillary
nodes’ involvement after neoadjuvant therapy (HR = 6.64,
P < 0.001), and age <50 years (HR = 3.07, P = 0.045)
predicted local relapse. In the multivariate model, only

@ Springer

residual disease in axillary nodes remained significant
(HR = 4.39, P = 0.027). 34.1 % of patients with more
than 3 nodes relapsed locally by the third year after diag-
nosis. This contrasts with patients with 1-3 nodes or 0
nodes who had local relapse rates of 12 % and 7 %,
respectively (P = 0.001) (Table 3; Fig. 3).

pCR (breast and axilla)
Pathologic complete response in the breast and axilla

occurred in 45 of the 144 patients (31 %, 95 % CI
24-39 %). Initial stage and T-stage were significant
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predictors of pCR in the breast and axilla, with corre-
sponding rates of 39.3 % in stage II/IIIA versus 20.0 % in
IIIB-C (P = 0.014), and 37.8 % in T1-3 versus 20.4 % in
T4 (P = 0.029). Patients with a pCR in the breast and
axilla had a longer OS, PFS, and time to local relapse than
women without a pCR (P = 0.006, 0.002 and 0.047).
The median PFS has not yet been reached in the sub-
group of patients that achieved pCR, whereas the median

PFS for non-pCR was 3.1 years (P = 0.002 by logrank
test). The 5-year PFS rates were 81.6 % in pCR versus
447 % in no pCR (Fig. 1). Median overall survival was
not reached for women who achieved a pCR in the breast
and axilla, who had a survival rate of 84 % at 3 years and
79.4 % at year 4 and thereafter. For those with residual
invasive disease in the breast or axilla, median overall
survival was 8.4 years. OS at 5 years was 79.4 versus
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Table 3 Predictors of locoregional as first failure

Prognostic factor

HR (95 % CI) P

Univariate models
Carboplatin versus cisplatin NACT
No pCR versus pCR in breast and axilla
No pCR versus pCR in breast
Positive LN: 1-3 versus 0
4-+/unknown versus 0
Stage III versus II
T4 versus T1-3
T4d versus other
Clinical tumor size: >8 versus <8 cm
Histology: ductal versus other
Black versus other
Hispanic versus Non-Hispanic
Age <50 versus >50 years
Pre/peri versus postmenopausal
Multivariate model
No pCR versus pCR in breast
Positive LN: 1-3 versus 0
4+/unknown versus 0

Age <50 versus >50 years

1.62 (0.64, 4.12) 0.310
7.59 (1.02, 56.30) 0.047
4.38 (1.02, 18.80) 0.047
2.37 (0.66, 8.52) 0.190
6.64 (2.25, 19.59) <0.001
5.44 (0.75, 39.30) 0.093
1.81 (0.73, 4.51) 0.202
2.18 (0.82, 5.84) 0.119
1.14 (0.45, 2.87) 0.779
1.87 (0.54, 6.48) 0.322
1.82 (0.73, 4.56) 0.202
0.46 (0.18, 1.18) 0.108
3.07 (1.03, 9.21) 0.045
1.17 (0.46, 3.00) 0.736
2.15(0.39, 11.84) 0.381
1.72 (0.41, 7.14) 0.456
4.39 (1.18, 16.29) 0.027
2.62 (0.87, 7.88) 0.087

HR (95 %CI): estimated hazard ratio and corresponding 95 % confidence interval

P: P value from Gray and Fine test. PD during NACT and distant metastasis as competing risks
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53.2 % for women with a pCR in the breast and axilla vs
no pCR (P = 0.006 by logrank test) (Fig. 2).

pCR (axilla/node negative)

The PFS and OS curves diverge quickly for women with
positive axillary nodes after neoadjuvant therapy. Median
progression-free and overall survival was not reached for
87 (60.4 %) women who were node negative after receiv-
ing neoadjuvant chemotherapy. Women who had 1-3
axillary nodes had a median PFS and OS of 4.6 and
5.0 years, respectively, while women with 4 or more
axillary nodes had PFS and OS of 1.0 and 1.7 years (log
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rank P value <0.0001 for OS and PFS), respectively. Only
22 % of women with >3 residual lymph nodes after neo-
adjuvant therapy were alive at 5 years. The existence of
multiple positive axillary nodes after neoadjuvant therapy
is the single worst prognostic factor and predicts for
markedly shortened overall survival (Figs. 1, 2).
Significant predictors of pCR in the axilla were cisplatin
versus carboplatin 68 versus 44.7 % (P = 0.007), initial
clinical stage (pCR in axilla of 87.5 % in stage II vs.
52.7 % in stage III, P = 0.0004; 75 % in stage II/IITIA vs.
40 % in stage IIIB-C, P < 0.0001), T-stage (71.1 % in
T1-3 vs. 42.6 % in T4, P = 0.0007; 66.4 % in “not T4”
vs. 35.7 % in T4, P = 0.003), and N-stage (81.8 % in NO,
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Table 4 Treatment characteristics and response to NACT

Total patients (144)

NACT P

Cisplatin (97) Carboplatin (47)

N % N % N %o
Type of NACT
Carboplatin/taxotere monthly 8 5.6 - - 8 17.0 NA
Carboplatin/taxotere weekly 19 13.2 - - 19 40.4
Carboplatin/taxotere/AC monthly 20 13.9 - - 20 42.6
Cisplatin/taxotere 31 21.5 31 32.0 - -
Cisplatin/taxotere/AC 66 45.8 66 68.0 - -
Type of surgery
Mastectomy 127 88.2 84 86.6 43 91.5 0.394*
Lumpectomy 11 7.6 11 11.3 - -
None 6 4.2 2 2.1 4 8.5
Positive lymph nodes (n = 138)°
0 87 63.1 66 69.5 21 48.9 0.004
1-3 30 21.7 21 22.1 9 20.9
4+ 21 15.2 8 8.4 13 30.2
>1 Positive lymph nodes 51 37.0 29 30.5 22 51.1
Median (range) 3 (1 -26) 2 (1 -25) 6 (1 -26)
Mean (SD) 5.6 (6.7) 4.4 (5.3) 7.1 (7.0) 0.159
Tumor size at surgery, cm (n = 138)°
0 cm 51 37.0 39 41.1 12 27.9
>0 cm 87 63.0 56 58.9 31 72.1
Median (range) 3 cm (0.1-27) 2.5 cm (0.1-27) 5 cm (0.1-16)
Mean (SD) 4.4 cm (4.9) 3.9 cm (5.0) 5.3 cm (4.7)
pCR in breast and axilla® 45 31.3 35 36.1 10 21.3 0.072
No pCR 99 68.8 62 63.9 37 78.7
pCR in breast® 51 354 39 40.2 12 25.5 0.084
No pCR 93 64.6 58 59.8 35 74.5
pCR in axilla® 87 60.4 66 68.0 21 44.7 0.007
No pCR 57 39.6 31 32.0 26 55.3
PD during NACT 11 7.6 4 4.1 7 14.9 0.040
No PD 133 924 93 95.6 40 85.1

PpCR pathologic complete response, defined as the absence of invasive disease in breast and axilla

PD locoregional and/or distant progression of disease during NACT. P: P value

* Mastectomy versus lumpectomy/none

® Excludes six patients who did not undergo surgery

¢ Includes six patients who did not have surgery as “no pCR” (worse outcome)

72.2 % in N1 and 36.8 % in N2-3, P < 0.0001) (Table 4).
Race was a marginally significant predictor of pCR in the
axilla with corresponding rates of 50 % in Blacks versus
66.3 % in other races (P = 0.055).

Cisplatin versus carboplatin

Sixty-seven percent of the patients received cisplatin che-
motherapy, while the remaining 33 % received carboplatin.

The cisplatin-based regimens were superior to the carbo-
platin-based regimens in OS and PFS (univariate HR 0.49
and 0.40, P = 0.007 and P = 0.018, respectively) (Figs. 1,
2). The median OS for carboplatin-based regimens was
3.8 years, while the OS for cisplatin-based regimens has
not been reached. This is regardless of whether AC was
given preoperatively or postoperatively.

The group of patients that received cisplatin achieved a
PCR rate in the breast and axilla of 36 %, compared to the
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group that received carboplatin which had a pCR rate of 21. %
(P = 0.072). The node-negative rate was 70 % for the women
receiving cisplatin and 49 % for those receiving carboplatin
(P = 0.004). Eleven patients progressed on initial neoadju-
vant chemotherapy, 4 (4 %) from the cisplatin group versus 7
(15 %) from the carboplatin group (P = 0.04). The two
groups were well balanced in terms of demographics and
tumor characteristics. Multivariate analysis confirms that the
improvement in PFS and OS was due to the drug itself and not
due to patient selection factors (Tables 1, 2, 4).

Discussion

Platinum-based neoadjuvant chemotherapy coupled with
docetaxel and AC rendered a high rate of pCR in the breast
and axilla (31 %) in this high-risk group of women with
triple-negative breast cancer. Despite an initial mean tumor
size of 9.4 cm, the overall survival was 59 % at 7 years.

PCR in the breast and axilla continues to be a strong
predictor of long-term survival in patients treated with
neoadjuvant therapy [27-29]. In our series, the median
survival for patients with a pCR in the breast, in the axilla,
or in the breast and axilla was not reached, while those not
achieving these landmarks had median overall survival of
3.8, 2.4, and 4.1 years, respectively. However, pCR in the
axilla was by far the strongest predictor for overall sur-
vival. Only thirty percent of the women who had any nodal
involvement went on to survive 5 years and, tragically,
only 15 % of those with over three nodes survived 5 years.

Women with triple-negative breast cancer consistently
have a higher rate of response to chemotherapy, but a
worse overall survival than women with other types of
breast cancer [30, 31], and no specific chemotherapy reg-
imen has proved to be superior. Historically, anthracycline/
taxanes-based regimens are the most commonly used
(Table 5). Carey et al. [30] reported a 27 % pCR rate for 34
triple-negative breast tumors [Stage II (35 %), Stage III
(65 %)] treated with neoadjuvant AC. Seventy-six percent
of these patients also received neoadjuvant taxanes. The
4-year DDFS was 71 %. In the MD Anderson experience
[31, 32], 471 patients with triple-negative breast cancer
[Stage II (52 %), Stage III (45 %)] were treated with an
anthracycline-based regimen. Eighty-seven percent also
received neoadjuvant taxane therapy. The pCR rate for
Caucasian patients was 25 % and for patients of African
descent was 17 %. The OS was 71 % at 3 years.

Regimens that are not based on anthracyclines plus
taxanes are less commonly used. Falo et al. [33] reported a
PCR rate of 65 % in 57 women treated with three cycles of
CMF as neoadjuvant therapy. Egawa et al. [34] reported
that patients with decreased BRCA2 expression had a
favorable response to docetaxel.
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Because of the recent identification of TNBC as a
unique subtype and its association with BRCA-induced
breast cancer, there has been increasing interest in the use
of platinum-based therapy in these tumors. Eight weekly
doses of cisplatin, epirubicin, and paclitaxel (PET) were
given by Frasci et al. [35] to 74 women with moderate-risk
TNBC. The patients received either CMF or FEC as
adjuvant therapy. The pCR rate was 62 % and the esti-
mated 5-year PFS and OS were 76 and 84 %, respectively.
Sirohi et al. [36] treated 62 high-risk patients with TNBC
with neoadjuvant epirubicin, cisplatin, and infusional SFU
for 18 weeks (ECisF). Many of the patients with good
clinical response underwent radical radiotherapy instead of
surgery, so no pCR rates were reported. The 5-year PFS
and OS were 57 and 64 %, respectively, while the 10-year
OS was 53 %. Yerushalmi et al. [37] treated 20 women
with locally advanced TNBC with eight cycles of
sequential cisplatin/paclitaxel and adriamycin/paclitaxel
for a pCR rate of 35 % and an OS of 49.5 % at 5 years.
Bryski et al. [38] reported a pCR rate of 90 % in ten
women with TNBC and a BRCA mutation with single-
agent cisplatin. Silver et al. [39] reported a pCR rate of
21 % in twenty-eight patients with TNBC treated with
single-agent cisplatin as neoadjuvant therapy. Two of the
six women with a pCR had a BRCA mutation, so that the
PCR rate for women with TNBC without a BRCA mutation
in this series is actually 15 %, while the pCR rate for
women with a BRCA mutation was 100 %. BRCA1 pro-
moter methylation and low BRCA1 mRNA expression did
not reliably predict pCR in the patients who did not have a
germline mutation in BRCA1. No survival data are
reported in either of these studies.

Cisplatin is part of the curative regimens in all solid
tumors. It forms the backbone of the treatment of testicular
cancer, lung cancer (both small cell and non-small cell), and
ovarian cancer. It is part of the organ-sparing regimens for
head and neck cancer, sarcomas, and bladder cancer. The
superiority of cisplatin over carboplatin has been demon-
strated in multiple solid tumors in the curative setting [40,
41]. In this study, we demonstrated the superiority of cis-
platin-based chemotherapy to carboplatin-based chemother-
apy in the curative setting of triple-negative breast cancer.
Despite the fact that there was no difference in the pCR rates
in the breast and axilla for cisplatin versus carboplatin che-
motherapy, there was a statistically significant improvement
in overall survival in patients treated with cisplatin. This may
be accounted for by the higher rate of primary failure and the
higher rate of node positivity in the carboplatin-containing
regimen than the cisplatinum regimen.

The average pCR rate for standard anthracycline- and
taxane-containing regimens is reliably in the 20 % range.
The pCR rate of 62 % in response to therapy with CMF
must be taken in the context of a 39.7 % pCR rate of ER-
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Table 5 Comparison of response rates to induction chemotherapy in triple-negative breast cancer (literature summary)
Group/Study Pts Initial tumor Stages NACT Adjuvant  pCR (%) DFS oS
size (cm) CT
Carey et al. [30] 34 Stage 2 35 % Anthracycline 27 4 Year DDFS
Stage 3 65 % +Taxane 74 %
MD Anderson [32] 471 Stage 2 52 % Anthracycline 17-25 3 Year 71 %
Stage 3 45 % +Taxane
Falo et al. [33] 57 CMF CMF A 65 NA NA
Siroh et al. [36] 17 T2 42 % ECisF NA 5 Year 57 % 5 Year 64 %
T3 29 % 10 Year 53 %
T4 29 %
Frasci et al. [35] 74 6.3 T2 47 % Cisplatin CMF 62 5 Year 76 % 5 Year 84 %
T3 53 % +Epirubicin FEC
NO 35 % +Paclitaxol
N1 65 %
Hurley 144 94 T1 1 %, T2 8 %, Platinum salts 31 5 Year 55 % 5 Year 61 %
T3 53 %. T4 38 % +Docetaxel/AC 8 Year 55 % 8 Year 59 %
NO 23 %, N1 38 %,
N2 34 %, N3 6 %
Yerulshalmi 20 Tis-2 11 %, T3 38 %  Doxorubicin/ 35 5 Year 49.5 %
et al. [37] paclitaxel
T4 50 %, NO 36 % Cisplatin/paclitaxel
N1 36 %, N2 28 %
Silver et al. [39] 28 3.7 T2 89 %, T3 11 % Cisplatin 90 NA NA
NO 54 %, N1 46 %
Bryski et al. [38] 10 T1 50 %, T2 40 %, Cisplatin 15 NA NA
T4 10 %
NO 70 %, N1 10 %,
N2 20 %
positive tumors to CMF in the same study. The response Acknowledgments This research was conducted in accordance with

rate of platinum-based regimens is spread over a wide
range from 15 to 90 % and is influenced heavily by the
presence of germline mutations in BRCAL1, the addition of
taxanes/anthracyclines to the platinum base, and the stage
distribution of the patients included in each study. What
seems apparent is that, although there is a wide range of
response measured by pCR in TNBC, combination therapy
with a cisplatin backbone is highly active and well toler-
ated, while single-agent cisplatin is probably inadequate
therapy except in women with a BRCA mutation.

Platinum salts/docetaxel chemotherapy used as neoad-
juvant therapy for locally advanced triple-negative breast
cancer yielded a high pCR rate of 31 % and was both safe
and well tolerated. The use of cisplatin conferred a survival
advantage over carboplatin-based therapy. The most sig-
nificant predictor of survival is the amount of residual
axillary nodal involvement. The discovery and the addition
of targeted therapy to the platinum/docetaxel backbone
should be the next step.
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