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Cardiac toxicity assessment in locally advanced
breast cancer treated neoadjuvantly
with doxorubicin/paclitaxel regimen

Abstract Background: The psycho-
logical difficulty of accepting a mas-
tectomy for locally advanced breast
cancer (LABC) justifies the use of
chemotherapy as neoadjuvant primary
treatment. The aim of this prospective
study was to assess the efficacy of the
doxorubicin/paclitaxel (AT) schedule
neoadjuvantly administered in terms
of response rates and survival in
patients with LABC, with a special
focus on cardiac toxicity. Patients
and method: All patients were
treated by doxorubicin (60 mg/m2 i.v.)
bolus followed by paclitaxel (200 mg/m2)
as a 3-h infusion. Treatment was
repeated every 3 weeks for four or six
courses and followed by surgery,
radiotherapy, and hormonotherapy for
patients with positive hormonal
receptors. Patients with significant
cardiovascular history or ECG ab-
normalities were not eligible for the
study. Measurements of left ventricu-
lar ejection fraction (LVEF) were
performed at baseline and at the end of
chemotherapy. Results: From 1998
to 2001, 34 consecutive patients
followed up in our institution were
entered into this study. Median age
was 49 years (range, 32–68 years).
Seventeen patients had stage IIB, 5
patients stage IIIA, and 12 patients
stage IIIB disease. Twenty-one pa-
tients underwent conservative surgery,
7 radical surgery, and 6 patients no
surgery due to metastatic disease
occurring during treatment. An ob-
jective clinical response was noted in

22 (65%) of 34 patients (6 patients
with histological complete response,
10 patients with rare malignant cells,
and 6 patients with a partial response),
6 patients presented a progressive
disease, and 8 patients a stable disease.
Twenty-four patients have kept nor-
mal cardiac function, 7 patients had a
cardiac toxicity as defined by the
institution [4 (24%) of 17 patients
received 360 mg/m2 of doxorubicin
(A), 2 of 4 presented congestive heart
failure (CHF), and 3 (21%) of 14
patients received 240 mg/m2 of A
without CHF]. Three patients did not
receive four or six cycles as initially
planned due to the progressive disease
during the chemotherapy courses.
These patients were excluded from the
final analysis, particularly cardiac
toxicity analysis. At time of median
follow-up (42 months), 28 of 34
patients were alive (one death due to
CHF, five others due to progressive
disease). Conclusion: The AT regi-
men in neoadjuvant treatment for
LABC remains efficient, but cardiac
toxicity reported in this study under-
lies the necessity to optimize the
schedule of AT combination.
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Introduction

Breast cancer is the most common cancer affecting women
in the USA and Europe, and 8–9% of women will develop
breast cancer during their lifetime. Every year more than
250,000 new cases are diagnosed in Europe and approxi-
mately 175,000 new cases in the USA, with incidence in-
creasing steadily. Locally advanced breast cancer (LABC)
is a heterogenous disease accounting for approximately
10–15% of all newly diagnosed breast cancers [1]. LABC
usually comprises a combination of relatively indolent tu-
mors, rapidly growing cancers, and inflammatory breast
cancers. Overall, patients with LABC are at higher risk of
local recurrence and distant metastases and therefore have
a poorer survival outcome. Unlike early primary breast
cancer, surgery in the form of either breast conservation or
mastectomy is often not a feasible treatment at least ini-
tially because of tumor size and involvement of the over-
lying skin and/or chest wall [2]. Other modalities such as
chemotherapy, radiotherapy, and hormone therapy when
used alone usually do not result in permanent local control.
The management of LABC has evolved over the past few
decades to the currently popular multimodal approach with
neoadjuvant chemotherapy, surgery, radiotherapy, and ad-
juvant hormone therapy, all given up front [3, 4]. Although
this approach may improve initial local control, each of
these modalities has associated morbidity and it is unclear
whether all patients with LABC will benefit from initial
treatment with a combination of all these therapies, partic-
ularly given the heterogeneity of the tumors. The last step
in this direction has been to submit patients with otherwise
operable cancers to neoadjuvant chemotherapy to increase
the proportion of those amenable to breast conservation in
order to avoid the psychological difficulty of accepting a
mastectomy [5–7]. The application of anthracycline-based
neoadjuvant chemotherapy has resulted in response rates
anging from 72 to 97%, clinical complete responses of
12–52%, and pathologic complete responses of 4–33%.
The use of anthracycline-based neoadjuvant chemotherapy
in the treatment of LABC is thus now firmly established
[8]. Research in the treatment of LABC is needed to fur-
ther define the optimal method of local therapy and the
role of new agents such as taxanes. Paclitaxel has well-
established single-agent activity in the first-line treatment
of women with advanced and metastatic breast cancer,
with response rates for standard dose therapy ranging from
25 to 29%. Of note, higher activity has been reported in
first-line therapy in combination with doxorubicin, with
response rates ranging from 46 to 94%, depending on the
administered dose and whether the patient has previously
received chemotherapy [9–12], but severe cardiac toxic-
ities were described in 18% of the patients receiving
doxorubicin in combination with paclitaxel [13–15].

The aim of this prospective study was to assess for the
first time the efficacy of a doxorubicin/paclitaxel (AT)
schedule neoadjuvantly administered in terms of response

rates and survival in patients with LABC, with special focus
and attention on cardiac toxicity due to previous relatively
cardiac toxicities described by Gianni et al. [13] 3 years ago
before starting this study.

Materials and methods

Patient characteristics

Between August 1998 and January 2001, 34 consecutive
patients followed up in our institution were entered into this
prospective study. The prestudy evaluation included med-
ical history, physical examination, tumor measurements
(by chest X-ray), abdominal ultrasound (or computed to-
mography scan and bone scan), cardiac function analysis,
and other examinations as clinically indicated. All patients
had histologically proven breast cancer, primary operable
breast cancer (stage IIB, IIIA, and IIIB), and no metastatic
disease. Patients with inflammatory breast cancer could
be possibly enrolled in this study. Staging of the primary
tumor was performed according to the criteria of the fifth
edition of the American Joint Committee on Cancer (AJCC)
Staging Manual for breast cancer published in 1997 by
Lippincott-Raven. Inclusion criteria were the following:
age less than 70 years, World Health Organization (WHO)
performance status of 2 or less, adequate hematological,
renal, and hepatic functions. No prior chemotherapy or ra-
diotherapy was allowed; all were treatment-naive patients.
Patients with significant cardiovascular history or ECG
abnormalities were not eligible for the study. Measurements
of left ventricular ejection fraction (LVEF) were performed
at baseline and at the end of chemotherapy. The criteria
to evaluate cardiotoxicity were as follows: more than 20%
absolute decrease from baseline even if within normal range
(>50%), more than 10% decrease below the lower limit of
normal as defined by the institution (<50%), or clinical
signs and symptoms of congestive heart failure (CHF) as-
sociated with a decrease in LVEF. Patients 50 years old or
younger were considered to be premenopausal, and those
older were deemed postmenopausal. The histological grade
was scored according to previously published classifica-
tion. Cytosolic estrogen receptors (ERs) and progesterone
receptors (PRs) were estimated by cytosolic immunoassay.
Positivity or negativity was determined according to the
scoring systems used by the individual institution. All pa-
tients gave informed consent before entering the trial; this
study was approved by the ethic local committee.

Treatment

All patients were treated with doxorubicin (Adriblastine)
60mg/m2 i.v. bolus (day 1) followed in 30min by paclitaxel
(Taxol) 200 mg/m2 i.v. over 3 h (day 1). Treatment was
repeated every 3 weeks for four or six courses and followed
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by surgery (mastectomy or breast-conserving surgery), ra-
diotherapy, and hormonotherapy. All patients who under-
went breast-conserving therapy received irradiation of the
whole breast; for patients who had radical total surgery, ra-
diotherapy was performed according to international guide-
lines. Two tangential photon fields were used for the chest
wall or the breast, for a total International Commission on
Radiation Units and Measurements (ICRU) dose of 50 Gy.
The supraclavicular and internal mammary nodes were
treated with a mixed beam (1/3 photons and 2/3 electrons)
for a total ICRU dose of 50 Gy. All patients were treated 5
days perweek, 2Gy per fraction, for 5 or 6weeks. In the case
of a conservative treatment, a 12-Gy electron boost was
added to the tumoral bed. Patients received tamoxifen 20mg
daily for 5 years regardless of their ER status.

Response to treatment

Tumor assessments were repeated every 6 weeks and at
the end of the study. The response to chemotherapy was
assessed physically, radiographically, and sonographically.
Pathological response rate was evaluated on the intention-
to-treat population (those receiving one or more cycles of
chemotherapy) and on the evaluable population (those re-
ceiving one or more cycles of chemotherapy with surgery
after the last cycle). Response was considered complete
if here was no evidence of the primary breast tumor by
the assessment method. Response was considered complete
according toWHO criteria if there was a total disappearance
of the tumor. Pathological response was considered com-
plete if there was no evidence of primary breast tumor or
carcinoma in situ and nodes were negative. Response was
considered partial if there was a reduction of more than 50%
in the product of the two largest perpendicular diameters of
the tumor. If the tumor area showed a reduction of less than
50% or an increase of less than 25%, no change was con-
sidered to have occurred and was considered as stable dis-
ease. Progression was defined by an increase of more than
25% in the products of the two largest diameters.

Statistical analysis

Overall survival was computed between the date of di-
agnosis and the date of the clinical event (recurrence or
death) or the date of the last visit for alive patients. Con-
cerning the impact of the administration of AT regimen on
pretreatment and posttreatment LVEF values, the paired
sample t test was used. Statistical significance was set at
p<0.05. Statistical analyses were drawn up on BMDP soft-
ware (BMDP Statistical Software, Inc., Los Angeles, CA,
1991).

Results

Characteristics of the patients

From August 1998 to September 2001 there were 34 con-
secutive patients with LABC followed up in our institution
who were entered into this study. A description of the
population is given in Table 1. Median age was 49 years
(range, 32–68 years). Median pretreatment tumor size was
4.5 cm (range, 2.5–8 cm). Clinically positive lymph nodes
were noted in 12 patients (35%) (3 N1, 5 N2, and 4 N3),
17 patients had stage IIB, 5 patients stage IIIA, and 12
patients stage IIIB disease (for more details about clinical
tumor and lymph node status see Table 2). Estrogen re-
ceptors were positive in 19 patients (56%). Ductal invasive
carcinoma was present in 30 patients (88%). Twenty-eight
patients (82%) had undergone tumor resection with axillary
lymph node dissection: 21 patients (62%) underwent con-
servative surgery (tumorectomy) and 7 patients (21%) rad-
ical surgery (mastectomy). A locoregional treatment by
radiotherapy associated with surgery was given to 22 pa-
tients (65%). Adjuvant chemotherapywas administered to 6

Table 1 Patient characteristics

Number of patients (n=34) %

Median age, years (range) 49 (32–68)
Menopausal status
Premenopausal 20 59
Postmenopausal 14 41
WHO performance status 0–1/2 31/3 91/9
Median tumor size, cm (range) 4.5(2.5–8)
Clinical stage
IIB 17 50
IIIA 5 15
IIIB 12 35
Pathological characteristics
Ductal invasive carcinoma 30 88
Lobular invasive carcinoma 3 9
Mixed carcinoma 1 3
Tumor differentiation
Well 10 29
Moderately 7 21
Poorly/undifferentiated 17 50
SBR grade
I 6 18
II 18 53
III 10 29
Hormone receptor status
ER+ + PR+ 7 21
ER+ + PR− 12 35
ER− + PR+ 1 3
ER− + PR− 14 41
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patients (18%) and adjuvant hormonotherapy by tamoxifen
was given to 19 patients (56%). Six patients had no surgery
due to metastasis disease occurring during treatment.

Cardiac toxicity and compliance to chemotherapy

Seventeen patients received six cycles (360 mg/m2) and 14
patients received four cycles (240 mg/m2) of A. Three pa-
tients did not receive four or six cycles as initially planned
due to progressive disease during the chemotherapy courses.
These patients were excluded from the final analysis, par-
ticularly cardiac toxicity analysis. LVEF value before treat-
ment ranged from 50 to 75% (mean, 65.5%; median,
64.2%). This range of LVEF distribution, as well as the
mean and median values, compares well to population with
good performance status. LVEF value after chemotherapy
ranged from 40 to 75% (mean, 61.5%; median, 59.2%).
LVEF value significantly decreased after ATadministration
(Fig. 1; paired sample t test, p=0.01); the mean decrease in
LVEF value was 11.1%. Twenty-four patients kept normal
cardiac function but 7 patients fulfilled the institutional
criteria for cardiac toxicity. Three patients had a more than

10% decrease of LVEF below the lower limit of normal as
defined by the institution and 4 patients experienced an
LVEF reduction of >20% ejection fraction points from
baseline.

Table 3 summarizes cardiotoxicities in 31 patients accord-
ing to clinical and pathological treatment characteristics.
Four of 17 patients (24%) received 360 mg/m2 of A; 2
patients presented CHF (one patient died in the intensive
care unit due to CHF), whereas 3 (21%) of 14 patients re-
ceived 240 mg/m2 of A without CHF. Due to the small
number of cardiac events, it was impossible to provide any
meaningful data.

More importantly, there were no cases of cardiotoxicity
during the posttreatment follow-up period, and 6 of the 7
patients restored their initial LVEF. For the other patients we
did not observe long-term cardiac disorders. Only one case
of cardiac failure was finally observed.

Response and disease control

An objective clinical response was noted in 22 (65%) of
34 patients (16 patients with a histological complete re-
sponse and 6 patients with a partial response), 5 patients
presented a progressive disease, and 7 patients presented a
stable disease.

At time of analysis the median follow-up of the study
population was 42 months. Three-year survival rates for
overall survival was 76%. Twenty-eight of the 34 patients
were alive at last follow up (one death due to CHF, five
others due to progressive disease). A search to predict re-
sponder patients was not performed due to the low number
of patients included in the present study.

Table 2 Clinical tumor and lymph node status

T2 T3 T4b T4d Number

N0 1 16 2 3 22
N1 0 2 0 1 3
N2 2 1 1 1 5
N3 2 2 0 0 4
Number 5 21 3 5 34
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Fig. 1 Impact of the adminis-
tration of AT regimen on pre-
and posttreatment LVEF (%)
values in 31 patients. Three
patients have been excluded for
the final analysis due to non-
sufficient courses of chemother-
apy received. p=0.01, paired
sample t test analysis
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Discussion

Neoadjuvant chemotherapy is used increasingly in the treat-
ment of primary breast cancer [2]. Doxorubicin, as mono-
therapy or in combination, is effective andwidely used in the
treatment of advanced or metastatic breast cancer. The
taxanes have also gained prominence as an effective treat-
ment for breast cancer [12, 16]. Whatever the neoadjuvant
chemotherapy regimen, this treatment gives high clinical
objective response rates (70–98%) and can result in a path-
ological complete response in a subgroup of patients (3–
34%). In addition, this treatment leads to fewer mastec-
tomies compared to primary surgery (13–33% vs 28–40%)
while providing an equivalent survival outcome. However,
a proportion (2–30%) of patients receiving neoadjuvant
treatment will fail to respond to treatment [17–19]. It is
important to note that the ability to identify nonresponders
early during treatment would enable the use of alternative
therapies that would be more beneficial [2]. In the present
study, similar results were observed in term of response
rates, survival, and conservative breast treatment. Pierga
et al. reported in a large French series the major role of
clinical response after neoadjuvant treatment as a prognos-
tic factor for survival [19]. Unfortunately, the small series of
patients in the present study does not allow us to individ-
ualize clinical or biological markers of responsiveness, but

high complete response rates (47%) could offer interesting
survival results more demonstrative with a longer follow-
up. With regard to clinical efficacy, AT regimen in neo-
adjuvant treatment for LABC remains efficient, and the
present study confirms the role already described of this
chemotherapy combination in a metastatic disease setting.
However, the cumulative dose of doxorubicin that can be
given is limited by dose-related cardiotoxicity, and the tax-
ane paclitaxel seems to exacerbate the cardiac toxicity of
anthracyclines [20]. Gianni et al. reported the results of the
association doxorubicin (60 mg/m2) followed by 15 min of
i.v. paclitaxel (125–200 mg/m2). Thirty-five patients with a
nonpretreated metastatic breast cancer were included in this
study and objective rates of response of 94%, including
41% of complete response, were reported. However, a sig-
nificant rate of cardiac toxicity was noted: 6 patients (18%)
developed CHF after a median cumulative dose of 480 mg/
m2 of doxorubicin [13]. Interaction of a pharmacokinetic
type exists between the doxorubicin and the paclitaxel and
could be partly explained by a mechanism of competition
on the level of biliary elimination. Experimental and clinical
arguments establish the origin of the inhibition of the
p-glycoprotein by cremophor as the basis of the pharma-
cokinetic interaction between paclitaxel and anthracyclines.
The elimination of doxorubicin is slowed by paclitaxel, re-
sulting in prolonged exposure to drug. This could partly
explain the increased incidence of cardiac insufficiency to
an accumulated dose higher than 380mg/m2 of doxorubicin
[21]. Gianni et al. reported the incidence of cardiac toxicity
in 657 patients with metastatic breast cancer treated by a
combination of doxorubicin (50–60 mg/m2) and paclitaxel
(175–220 mg/m2). The cardiac toxicity rate was 25% when
the doxorubicin was managed with a total amount greater
than 440 mg/m2, whereas it was lower than 5% when the
amount was less than 380 mg/m2 [22]. In order to specify
the effect of the interval between administration, a phar-
macokinetic study compared the rates of paclitaxel, doxo-
rubicin, and doxorubicinol according to this time interval
[23]. In group A the perfusions were separated by 30 min
and in group B by 24 h. The peaks of concentration of
doxorubicin and doxorubicinol were very significantly in-
creased in group A compared with group B. Moreover, an
increase in the area under the curve (AUC) in group A of
30% and 80% for doxorubicin and doxorubicinol, respec-
tively, was observed. In the present study, 21% of patients
treated neoadjuvantly by AT regimen developed cardiac
toxicity, with a toxic death due to severe irreversible CHF.
Doxorubicin recommended dose was not reached and there
was no significant correlation observed between doxorubi-
cin dose (240 vs 360mg/m2). Giordano et al. concluded that
when the doxorubicin dose exceeds 360 mg/m2, the com-
bination of bolus doxorubicin and paclitaxel presents an
unacceptable cardiac risk. Similarly, in the present study, a
cardiac toxicity in 18.3% of patients has been observed but
most of them could be explained by the excessive dose of
doxorubicin [15].

Table 3 Cardiotoxicity to neoadjuvant chemotherapy according to
clinical, pathological patient characteristics

Characteristics (n=31) Cardiotoxicity (n=7)

Menopausal status
Premenopausal 2
Postmenopausal 5
Clinical stage
IIB 3
IIIA + IIIB 4
Pathological characteristics
Ductal invasive carcinoma 7
Lobular + mixed invasive carcinoma 0
Tumor differentiation
Well/moderately 2
Poorly/undifferentiated 5
SBR grade
I + II 5
III 2
Hormone receptor status
ER+ 5
PR+ 3
ER− 2
PR− 4
Doxorubicin dose (mg/m2)
240 3
360 4
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The study of Amadori et al. on 19 patients showed that
a “washout” of 16 h between A and T drugs did not alter
the efficacy of treatment with an objective rate of 78% [20].
The principal toxicity observed was neutropenia and the
LVEF never decreased below 50% in absolute value. In the
same way, in the study of Jassem et al., the interval between
the administration of doxorubicin and paclitaxel was 24 h
and no cardiac toxicity was reported [10]. It seems rea-
sonable to propose a 24-h interval minimum between the
administration of the AT in order to avoid any pharmaco-
kinetic interaction. Maybe in the present study the washout
between A and T administration was not sufficient.

Other strategies make it possible to avoid or limit cardiac
toxicity, such as use of epirubicine as anthracycline or a
cardio-guard like dexrazoxane (currently in controversy) or
a liposomal doxorubicin [24–26].

For clinicians prescribing drugs with high potential risks
of cardiac toxicity, a need of biological marker could be of
real help. In rats, plasma troponin levels have been shown to
correlate well with anthracycline dose [27]. However, in
humans there are many confounding factors that can in-
crease troponin concentrations, including kidney failure, pul-
monary embolism, recent surgery, cholecystitis, and the
presence of rheumatoid factor. In addition, a recent analysis

of about 170 samples found no significant association be-
tween the incidence of anthracycline-induced cardiotoxic-
ity and troponin I levels [28]. Hence, this assay does not
appear to offer a promising predictor of drug-induced car-
diac damage.

Currently, therefore, there are no assays of suitable sen-
sitivity and specificity for diagnosing clinically relevant
levels of chemotherapy-induced cardiotoxicity [29]. A new
approach based on gene expression data specially dedicated
to prediction of future cardiac damage derived from DNA
microarray analysis could offer a particular efficacy tool for
clinicians [30].

To conclude, AT regimen in neoadjuvant treatment for
locally advanced primary breast cancer remains efficient,
but cardiac toxicity reported in this study underlies the ne-
cessity to optimize the schedule of AT combination in the
future and to define an algorithm to avoid cardiac problems
before the beginning of treatment based on clinical and
biological parameters [31].
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