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ABSTRACT

Purpose. The initial report from the Programme Action Con-
certée Sein (PACS) PACS01 trial demonstrated a benefit at 5
years for disease-free survival (DFS) and overall survival
(OS) rates with the sequential administration of docetaxel af-

ter FEC100 (fluorouracil 500 mg/m2, epirubicin 100 mg/m2,
and cyclophosphamide 500 mg/m2) for patients with node-
positive, operable breast cancer. We evaluate here the impact
of this regimen at 8 years.
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Patients and Methods. Between June 1997 and March
2000, a total of 1,999 patients (age <65) with localized, re-
sectable, non-pretreated, unilateral breast cancer were
randomly assigned to receive either standard FEC100 for 6
cycles or 3 cycles of FEC100 followed by 3 cycles of 100
mg/m2 docetaxel (FEC-D), both given every 21 days. Ra-
diotherapy was mandatory after conservative surgery and
tamoxifen was given for 5 years to hormone receptor (HR)-
positive patients. Five-year DFS was the trial’s main end-
point. Updated 8-year survival data are presented.

Results. With a median follow-up of 92.8 months, 639 pa-
tients experienced at least one event. A total number of 383

deaths were registered. Eight-year DFS rates were 65.8%
with FEC alone and 70.2% with FEC-D. OS rates at 8 years
were 78% with FEC alone and 83.2% with FEC-D. Cox re-
gression analysis adjusted for age and number of positive
nodes showed a 15% reduction in the relative risk of relapse
and a 25% reduction in the relative risk of death in favor of
FEC-D. Significant relative risk reductions were observed in
the HR-positive, HER2-positive, and Ki67 >20% subpopula-
tions.

Conclusion. Benefits for DFS and OS rates with the se-
quential FEC-D regimen are fully confirmed at 8 years.
The Oncologist 2012;17:900–909

INTRODUCTION
Multidrug chemotherapy based on the association of anthracy-
clines (epirubicin, doxorubicin) and taxanes (docetaxel, pacli-
taxel) for the adjuvant treatment of women with operable
node-positive early breast cancer allowed unprecedented high
survival rates. The 5-year disease-free survival (DFS) and
overall survival (OS) rates near 80% and 90%, respectively,
have been repeatedly obtained in large randomized phase III
trials [1–3]. These results were recently corroborated by a vast
meta-analysis on 44,000 individual patient data, confirming
that the addition of a taxane in anthracycline regimens reduced
breast cancer mortality by an average of �33% [4].

In the PACS01 phase III study, 1,999 patients were ran-
domly assigned to receive either standard FEC100 (fluoroura-
cil 500 mg/m2, epirubicin 100 mg/m2, and cyclophosphamide
500 mg/m2) or sequential FEC100 and docetaxel (FEC-D).
Significant 4%–5% absolute increases in 5-year DFS and OS
rates were recorded, corresponding to relative reductions of
18% and 27% in the risks of relapse and death, respectively [1].
Sequential or concomitant anthracycline-taxane combinations
are now widely used as standard adjuvant treatment for high-
risk breast cancer. Overall, taxane administration results in an
absolute 5-year risk reduction of 5% for DFS and 3% for OS
rates [5].

Safety and long-term toxicity are other important con-
cerns when dealing with anthracycline-taxane combina-
tions. Despite lower doses of each drug administered,
combination therapy must be monitored for severe acute
toxicities and potentially detrimental long-term side effects.
In the PACS01 5-year follow-up, sequential FEC-D
emerged as potentially safer than 6 cycles of FEC100 with
significantly fewer cardiac events and secondary leukemia
compared with FEC100 alone.

Identifying particular subgroups of patients who respond
differently to the anthracycline-taxane combination deserves
further examination. It would allow the physician to fit chemo-
therapies to the biological characteristics of the patient’s tu-
mor. In the 5-year analysis of PACS01, exploratory subgroup
analysis has pointed out that FEC-D benefited more postmeno-
pausal women and women with limited axillary node involve-
ment (pN 1–3) than premenopausal women and women with
�3 pN [1]. Moreover, it was shown that expression of the bio-
molecular marker Ki67 could be relevant to identify estrogen

receptor (ER)-positive tumors with higher sensitivity to do-
cetaxel in the adjuvant setting [6, 7].

We present here the 8-year follow-up analysis of PACS01,
investigating the experimental arm of 3 cycles of FEC100 plus
3 cycles of docetaxel versus the control arm of 6 cycles of
FEC100 as adjuvant therapy for patients with node-positive
breast cancer.

PATIENTS AND METHODS

Study Population
Women between 18 and 64 years old with node-positive uni-
lateral operable breast cancer who had undergone primary sur-
gery with clear margins (modified mastectomy or
tumorectomy) plus axillary dissection were eligible for the
study independent of their menopausal status. Main eligibility
criteria included World Health Organization performance sta-
tus �2 and adequate renal, hepatic, and cardiac function.
Women with a documented history of cardiac disease contra-
indicating anthracyclines were excluded. Chemotherapy was
to be administered within 42 days after surgery. Written in-
formed consent was obtained before randomization. Baseline
assessments included bone scan, chest radiograph, abdominal
ultrasound, and contralateral mammography. The protocol
was reviewed and approved by the ethics committee/institu-
tional review board and the study was conducted according to
the Declaration of Helsinki.

Study Design and Treatment
Patients were randomly assigned to receive either 6 cycles of
FEC100 (fluorouracil 500 mg/m2, epirubicin 100 mg/m2, and
cyclophosphamide 500 mg/m2) on day 1 every 21 days, or 3
cycles of FEC100 followed by 3 cycles of docetaxel (100 mg/
m2) on day 1 every 21 days (FEC-D). Randomization was
stratified by age (�50 and �50 years), positive nodes (1–3 and
�3), and treatment center. Dose adaptation, delays, and the use
of granulocyte-colony stimulating factor have been described
previously [1].

After chemotherapy completion, tamoxifen (20 mg/day)
was started and continued for 5 years. For hormone receptor
(HR)-negative patients, the administration of tamoxifen was at
the investigator’s discretion for postmenopausal patients but
prohibited for premenopausal patients.

Radiotherapy was initiated within 4 weeks after the last
chemotherapy cycle and was mandatory for all patients who
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had undergone breast-conserving surgery. Other indications
(chest wall, supraclavicular area, and internal mammary chain)
were recommended but left to the investigator’s discretion. Ir-
radiation of the axilla was prohibited. Of note, the PACS01
trial design is given as supplemental online data.

Evaluations
Physical examinations were performed every 4 months for
the first 2 years, every 6 months for the following 3 years,
and thereafter annually for the next 5 years. Mammography,
chest radiograph, liver ultrasound, and bone scan were per-
formed 1 year after the initial surgery and yearly thereafter
for 5 years. Beyond this period, a mammography was per-
formed annually.

Biological Marker Status Evaluation (HER2
and Ki67)
HER2 oncogene expression was evaluated by immunohisto-
chemistry (IHC) and fluorescence in situ hybridization (FISH).
HER2 positivity was defined as IHC scores �3 or IHC scores
�2 and amplified FISH, whereas IHC scores of 0 or �1 or �2
scores and nonamplified FISH were ascribed to HER2 nega-
tivity. Ki67 expression was scored according to a procedure
previously reported [7]. Scores �20% were ascribed to Ki67
positivity and �20% to Ki67 negativity.

Statistical Analysis
The PACS01 study’s primary endpoint was 5-year DFS. DFS
was defined as the time from randomization until first relapse
(local, regional, or distant), contralateral breast cancer, or
death from any cause, whichever occurred first. The secondary
endpoints were OS and safety. In the present article, an 8-year
update of the data on survival (DFS and OS) and safety was
performed using the same intent-to-treat (ITT) population of
patients, criteria, and methods as previously published [1].

The DFS and OS rates for the ITT population and patient
subgroups were calculated by the Kaplan-Meier method. Sub-
group analysis was unplanned. HER2 and Ki67 status was cen-
trally assessed for 1,190 (60%) patients. Treatment arms were
compared using a log-rank test stratified by the number of pos-
itive axillary lymph nodes positive nodes (1–3 vs. �3) and age
(�50 years vs. �50 years). A supportive multivariate analysis
(Cox regression model) was adjusted for age (�50 years vs.
�50 years), positive nodes (1–3 vs. �3), histological tumor
size (�20 mm vs. �20 mm), estrogen receptor (ER) and pro-
gesterone receptor (PR) status, HR status, Scarff-Bloom Rich-
ardson grade (I, II, III, not gradable), and tamoxifen use. Each
interaction between these variables and DFS has been ex-
plored.

RESULTS

Patient Baseline Characteristics
Between June 1997 and March 2000, a total of 85 centers in
France and Belgium enrolled 1,999 women (996 on the FEC
arm and 1,003 on the FEC-D arm). Baseline characteristics
were well balanced between treatment arms, median age, con-

servative surgery, Scarff-Bloom Richardson grade, 1–3 in-
volved nodes, and the other items, except for combined HR
status and ER status (p � .02) [1].

Treatment Characteristics
Six treatment cycles were completed by 97% of patients in the
FEC group and by 96.1% of the patients in the FEC-D group.
There were 36 (3.6%) dose reductions in the FEC arm and 61
(6.1%) in the FEC-D arm, 41 (4.1%) of which occurred spe-
cifically for docetaxel. Almost all treated patients received ra-
diotherapy. Tamoxifen use was well balanced between arms
(65.5% in the FEC arm and 68.4% in the FEC-D arm; p � .16),
including both premenopausal and postmenopausal women.

Efficacy at 8 Years
The cutoff date for the present analysis was April 2009, and the
median follow-up time was 92.8 months from randomization.
In the ITT population, 639 patients have experienced at least
one event versus 482 in the previous analysis (Table 1): 301 in
the FEC-D arm and 338 in the FEC arm, which represents an
increase of respectively 38.1% in FEC-D arm and 28% events
in FEC arm as compared to the results at 5 years [1]. The 8-year
DFS and OS rates were respectively 70.2% and 83.2% for the

Table 1. Analysis of events in the intent-to-treat
population

FEC
(n � 996)

FEC-D
(n � 1,003)

n % n %

First eventa 338 33.9 301 30.0

Distant relapse 244 24.5 215 21.4

Locoregional
recurrence

47 4.7 42 4.2

Contralateral breast
cancer

34 3.4 29 2.9

Death 13 1.3 15 1.5

Distant relapse 268 26.9 241 24.0

Contralateral breast
cancer

46 4.6 36 3.6

Second cancer 37 3.7 34 3.4

Any death 214 21.4 169 16.8

Cause of death

Breast cancer 189 19.0 148 14.8

Acute leukemia 3 0.3 2 0.2

Second cancer 6 0.6 7 0.7

Other 14 1.4 11 1.1
aFirst event defined according to the disease-free survival
criteria (i.e., local relapse, regional relapse, distant
relapse, contralateral breast cancer, death of any cause).
Abbreviations: FEC, fluorouracil, epirubicin, and
cyclophosphamide; FEC-D, fluorouracil, epirubicin, and
cyclophosphamide followed by docetaxel.
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FEC-D arm versus 78.4% and 90.7% in the previous 5-year
analysis. Of the 383 deaths, 214 occurred in the FEC group and
169 in the FEC-D group (Table 1).

Survival analysis is reported in Figure 1A and 1B. Cox re-
gression analysis, adjusted for age and number of positive
nodes, showed a 15% reduction in the relative risk of relapse
(hazard ratio � 0.85, 95% confidence interval [CI] � 0.73–
0.99, adjusted log-rank p � .036; Fig. 1A) and a 25% reduction

in the relative risk of death (hazard ratio � .75, 95% CI �
0.62–0.92, p � .007; Fig. 1B) with FEC-D. This difference
was due mainly to the reduction of distant metastasis (Table 1).

The multivariate analysis adjusted for prognostic factors
(age, nodal status, tumor size, grading, hormone receptors; Ta-
ble 2) showed 13% and 21% reductions in the relative risk of
relapse (DFS) and death (OS), respectively, with FEC-D (haz-
ard ratio � 0.87, 95% CI � 0.75–1.02, p � .086 for DFS; haz-
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Figure 1. Kaplan-Meier 8-year estimates in the intent-to-treat population. (A): Disease-free survival rates were 65.8% with fluorou-
racil-epirubicin-cyclophosphamide (FEC) and 70.2% with fluorouracil-epirubicin-cyclophosphamide with docetaxel (FEC-D). (B):
Overall survival rates were 78% with FEC and 83.2% with FEC-D.

Abbreviations: D, docetaxel; DFS, disease-free survival; FEC, fluorouracil, epirubicin, and cyclophosphamide; HR, hazard ratio; ITT,
intent-to-treat; OS, overall survival.
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ard ratio � 0.79, 95% CI � 0.65–0.97, p � .024 for OS; Table
2). Introducing the variable (arm � time) in our Cox multivar-
iate model has allowed us to verify that the hypothesis of haz-
ards proportionality was achieved for both DFS (hazard
ratio � 1.022; 95% CI � 0.96–1.09; p � .53) and OS (hazard
ratio � 0.98; 95% CI � 0.89–1.07; p � .63).

Figure 2 shows the treatment effect on OS in different sub-
groups (Forest plot). The risks of relapse and death were re-
duced in almost all the subgroups of patients. Women aged
�50 years seem to have more benefit from treatment with
FEC-D, as did patients with 1–3 positive nodes compared with
patients with �3 positive nodes (Fig. 2), but interactions be-
tween age and treatment as well as node status and treatment
were not significant. The benefit of FEC-D was indifferent to
the tumor size or the type of positivity of hormonal receptors.
The benefit from FEC-D also seems to be more statistically
significant in high-grade tumors than in lower-grade tumors.

HER2-positive tumors (log-rank value p � .01) and high

Ki67 tumors (log-rank value p � .005) derived more benefit
from the FEC-D regimen than the HER2-negative and low
Ki67 subgroups (Figs. 2 and 3A–D). Of note, a complete Cox
regression model for DF5 and OS in the intent-to-treat popu-
lation (including the covariate HER2 and Ki67 as categorical
variables) is given as supplemental online Table 1.

The use of tamoxifen, which was mandatory for patients
with HR-positive tumors, was beneficial for DFS and OS (p �
.001 and p � .013, respectively; Table 2). Interaction between
the treatment arm and tamoxifen was tested for DFS. The ben-
efit of FEC-D could be hampered when tamoxifen is used in
the HR-positive (i.e., ER-positive or PR-positive) subgroup
(n � 1,366; hazard ratio � 1.29, 95% CI � 0.94–1.77; p � .11;
Fig. 3E). On the contrary, DFS analysis at 8 years shows a sta-
tistically significant difference in the risk of relapse in favor of
the FEC-D arm for the HR-positive subgroup (n � 296) of pa-
tients who did not receive tamoxifen (hazard ratio � 0.69, 95%
CI � 0.48–0.98, p � .036; Fig. 3F).

Table 2. Complete Cox regression model for disease-free survival and overall survival rates in the intent-to-treat population

Disease-free survival Overall survival

HR 95% CI p HR 95% CI p

Arm

FEC 1 1

FEC-D 0.87 0.75–1.02 .086 0.79 0.65–0.97 .024

Age, years

�50 1 1

�50 0.84 0.72–0.98 .138 1.05 0.85–1.29 .659

Positive nodes

1–3 1 1

�4 2.09 1.78–2.45 �.001 2.53 2.05–3.12 �.001

Tumor size, mm

�20 1 1

�20 1.77 1.45–2.15 �.001 2.40 1.80–3.20 �.001

Scarff-Bloom Richardson grade

I 1 1

II 1.67 1.17–2.40 .005 1.95 1.12–3.9 .018

III 2.04 1.41–2.93 �.001 2.59 1.49–4.50 �.001

Not gradable 1.72 1.05–2.82 .031 1.77 0.86–3.65 .123

Hormone receptor

ER� and PR� 1 1

ER� and PR– 1.38 1.05–1.72 .004 1.80 1.37–2.37 �.001

ER– and PR� 1.35 0.97–1.88 .078 1.61 1.05–2.47 .030

ER– and PR– 1.00 0.78–1.28 .993 1.33 0.97–1.83 .075

Tamoxifen

No 1

Yes 0.64 0.52–0.78 �.001 0.71 0.54–0.93 .013

Abbreviations: CI, confidence interval; DFS, disease-free survival; ER, estrogen receptor; FEC, fluorouracil, epirubicin, and
cyclophosphamide; FEC-D, fluorouracil, epirubicin, and cyclophosphamide followed by docetaxel; HR, hazard ratio; OS,
overall survival; PR, progesterone receptor.
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Long-Term Toxicity and Adverse Effects
The additional cardiac toxicities encountered beyond 5 years
of follow-up were observed only in the 6-cycle FEC100 arm
(Table 3) with additional cardiogenic shock leading to cardiac
death (1 patient), cardiomyopathy (1 patient), clinical heart
failure (2 patients), myocardial infarction (1 patient), and
asymptomatic decline of left ventricular ejection fraction (2
patients). During the overall follow-up period (8 years), car-
diac toxicity affected only 1% of the ITT population in the
6-cycle FEC100 arm. The rate of leukemia was nearly identical
in the 6 FEC100 arm and in the FEC-D arm (0.3% vs. 0.2%,
respectively). The rate of second cancer also was nearly iden-
tical in the 6 FEC100 arm and in the FEC-D arm (3.7% vs.
3.5%, respectively).

DISCUSSION
With 8 years of median follow-up, the PACS01 trial confirms
that substituting 3 cycles of docetaxel for 3 cycles of FEC100
following 3 cycles of FEC100 significantly improves DFS and
OS for patients with node-positive early-stage breast cancer.
Survival benefits obtained in the previously published 5-year
results are maintained in the long-term 8-year analysis with
FEC-D, leading to 15% and 25% reductions in the relative
risks of relapse and death, respectively. The absence of inter-
action between treatment arm and time reasonably indicates
that the risk reductions for relapse and death versus the com-

parator anthracycline arm are maintained over 8 years when
docetaxel is sequentially incorporated in the adjuvant treat-
ment of node-positive early breast cancer.

Similar to the 5-year results, this benefit is more significant
for patients older than 50 years than it is for younger patients;
it is also more significant for patients with 1–3 positive nodes
than for patients with 4 or more positive nodes. Other specific
subgroups of patients—HER2-positive and high Ki67—show
DFS and OS differences in favor of the FEC-D regimen.

Note that these improved rates occur with the FEC-D reg-
imen, which also demonstrated less cardiac toxicity than
FEC100 at the 8-year follow-up. The cardiac toxicity associ-
ated with the use of anthracyclines has been described in many
trials, reviews, and the Early Breast Cancer Trialists Collabor-
ative Group meta-analysis, which demonstrated that the car-
diac mortality risk ratio for any anthracycline-based regimen is
in favor of the other treatment [4]. Therefore, the benefit-to-
risk ratio of the use of an anthracycline regimen in the adjuvant
treatment of breast cancer must be individually and carefully
weighed. Otherwise, the long-term safety profile of the FEC-D
and FEC regimens are similar, with �3.5% risk of second ma-
lignancies (FEC-D), and there is no indication of significant
differences in long-term toxicities.

Individual data collected from 44,000 women in 33 studies
showed that adding taxanes, in combination, sequentially or

Forest plot for overall survival in intent-to-treat population

Age
    <50 years 0.81 (0.61-1.08)              n = 1,005       
    ≥50 years 0.70 (0.53-0.94)              n = 994         
n of positive nodes
    1-3 0.68 (0.49-0.95)              n = 1,237       
    ≥4 0.81 (0.63-1.04)              n = 762         
Histological tumor size
    < 20 mm 0.74 (0.44-1.23)              n = 673         
    ≥20 mm 0.81 (0.64-1.03)              n = 1,155      
Hormonal receptors
    ER+ and PR+ 0.74 (0.54-1.00)              n = 1,178       
    ER+ and PR- 0.92 (0.59-1.45)              n = 281         
    ER- and PR+ 0.29 (0.11-0.79)              n = 103         
    ER- and PR- 0.82 (0.56-1.20)              n = 414         
Hormonal receptors
    ER+ or PR+ 0.74 (0.58-0.94)              n = 1,562       
    ER- and PR- 0.82 (0.56-1.20)              n = 414         
SBR grade
    SBR I 0.63 (0.22-1.81)              n = 228        
    SBR II 0.86 (0.62-1.19)              n = 868         
    SBR III 0.73 (0.56-0.97)              n = 774         
    Not gradable 0.55 (0.20-1.52)              n = 91          
Ki67
    <20 0.84 (0.57-1.24)              n = 598         
    ≥20 0.52 (0.34-0.80)              n = 387         

n = 995         
HER2
    Negative 0.76 (0.57-1.02)              
    Positive 0.50 (0.27-0.90)              n = 188         

Hazard Ratio with 95% CI

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

FEC favoredFEC-D favored

All patients 0.75 (0.62-0.92)  n = 1,999 

Figure 2. Analysis of treatment effect by subgroups in the intent-to-treat population. Hazard ratios and 95% confidence intervals are
reported in different subgroups (Forest plot analysis) for overall survival rates.

Abbreviations: CI, confidence interval; D, docetaxel; ER, estrogen receptor; FEC, fluorouracil, epirubicin, and cyclophosphamide;
HER2, human epidermal growth factor receptor 2; PR, progesterone receptor.
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Figure 3. Kaplan-Meier survival curves for overall survival rates are shown for the patient subgroups of (A) HER2-negative, (B) HER2-
positive, (C) Ki67-negative, (D) Ki67-positive, (E) hormone receptor (HR)-positive with tamoxifen, and (F) HR-positive without ta-
moxifen.

Abbreviations: D, docetaxel; FEC, fluorouracil, epirubicin, and cyclophosphamide; HER2, human epidermal growth factor receptor
2; HR, hazard ratio; OS, overall survival.
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additionally to an anthracycline-based regimen significantly
reduced breast cancer mortality versus an anthracycline-based
regimen alone [4]. However, additional phase III studies and
more long-term (�10 years) follow-up results are needed to
ascertain the meta-analysis results and validate whether the
two drugs are necessary. Their most effective administration
(sequential vs. concurrent) and the optimal number of cycles
are still pending investigation.

Long-term follow-up of docetaxel-based adjuvant chemo-
therapy (docetaxel, doxorubicin, and cyclophosphamide
[TAC]) on DFS rates for patients with high-risk node-negative
breast cancer showed added benefit regardless of HR status,
menopausal status, or number of high-risk factors compared
with standard fluorouracil-doxorubicin-cyclophosphamide
[8]. On the contrary, results at 5 years for the PACS04 trial,
which evaluated the concurrent administration of docetaxel
and epirubicin versus FEC100 for patients with node-positive
early-stage breast cancer, did not evidence any advantage for
DFS and OS rates compared with standard FEC100 [9]. More-
over, doxorubicin-docetaxel was not superior to doxorubicin-
cyclophosphamide in terms of DFS and OS and doxorubicin-
cyclophosphamide/docetaxel was significantly inferior to
(cyclophosphamide, epirubicin, and fluorouracil [CEF]) in
terms of recurrence-free survival [10, 11]. Similarly, 4 cycles
of FEC60 (epirubicin 60 mg/m2, fluorouracil 500 mg/m2, cy-
clophosphamide 500 mg/m2) followed by 4 cycles of do-
cetaxel was not superior to taxane-free regimens [12].

In the randomized U.S. Oncology Trial 9735, the head-to-
head benefit of taxanes with respect to anthracyclines was
evaluated by substituting docetaxel for doxorubicin in the stan-
dard doxorubicin-cyclophosphamide regimen over 4 cycles of
treatment. DFS rates at 7 years improved significantly in the
docetaxel-cyclophosphamide arm (81% vs. 75%, p � .033), as
did OS rates (87% vs. 82%; p � .032) [13, 14].

Sequential administration of docetaxel seems to be supe-
rior to concomitant administration [5, 15–17]. Recently, the
8-year results of the National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-30 trial demonstrated that 4 cycles
of doxorubicin-cyclophosphamide followed by 4 cycles of do-
cetaxel improves survival rates compared to either the same
regimen without docetaxel or 4 cycles of concurrent doxoru-
bicin-cyclophosphamide/docetaxel [15]. In the Breast Cancer
International Research Group (BCIRG) 005 trial, the sequen-
tial regimen of doxorubicin with cyclophosphamide followed
by docetaxel was compared to the combination regimen of
TAC. The sequential and combination regimens incorporating
three drugs were equally effective in terms of progression-free
survival and OS rates, but their toxicity profiles differed [18].

Long-term follow-up of other trials evaluating adjuvant
taxanes in early breast cancer have been published recently
with outcomes significantly in favor of regimens containing do-
cetaxel [14, 15]. Several recent meta-analyses suggest taxanes are
beneficial in the adjuvant setting, irrespective of their type, sched-
ule of administration, patient age and menopausal status, lymph
node involvement, and HR expression [4, 5, 8, 19–22].

However, it is controversial whether taxanes produce con-
sistent benefit across specific subgroups of patients. Identify-
ing the patients who would better benefit from taxanes is
relevant to optimize the therapeutic choice, but such identification
has not yet been successful. HER2 and HR positivity have been
scrutinized at several occasions, showing no particular benefit in
favor of the taxane-containing regimen [1, 3–6, 13, 14].

The question of whether the ER and PR status of a tumor’s
hormone receptors can define subpopulations that may differ-
entially derive benefit from taxanes arises continuously with
conflicting results [23–27]. In a pooled analysis of BCIRG001
and PACS01, including 3,323 patients with node-positive
breast cancer and assessed ER status, the benefit of docetaxel

Table 3. Analysis of cardiac toxicity

FEC (n � 996) FEC-D (n � 1,003)

n of SAEs at 5-year
follow-up (%)

n of additional SAEs at
8-year follow-up (%)

n of SAEs at 5-year
follow-up (%)

n of additional SAEs at
8-year follow-up (%)

Overall cardiac events 13 (1.3) 8 (0.8) 4 (0.4) 0 (0.0)

Congestive heart failure 4 (0.4) 2 (0.2) 0 (0.0) 0 (0.0)

LVEF declinea 4 (0.4) 2 (0.2) 1 (0.1) 0 (0.0)

Cardiac death 1 (0.1) 1 (0.1) 1 (0.1) 0 (0.0)

Cardiomyopathyb 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0)

Cardiogenic shockc 0 (0.0) 1 (0.1) 0 (0.0) 0 (0.0)

Myocardial infarction 1 (0.1) 1 (0.1) 0 (0.0) 0 (0.0)

Other 3 (0.3)d 0 (0.0) 2 (0.2)e 0 (0.0)
aAsymptomatic relative decline of LVEF �20% relative to baseline or asymptomatic relative decline �20% with LVEF
�50%.
bEpirubicin-induced cardiopathy.
cSevere cardiogenic heart failure necessitating resuscitating measures.
dArrhythmia (n � 2), dyspnea (n � 1).
ePericarditis (n � 1), menace syndrome (n � 1).
Abbreviations: FEC, fluorouracil, epirubicin, and cyclophosphamide; FEC-D, fluorouracil, epirubicin, and
cyclophosphamide followed by docetaxel; LVEF, left ventricular ejection fraction; SAE, serious adverse event.
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on the risk of recurrence or death was the same in ER-positive
and ER-negative patients [6]. However, this analysis did not
take into account HER2 and other proliferative markers. On-
cotype DX (Genomic Health, Inc., Redwood City, CA) results
demonstrated also that biological heterogeneity might influ-
ence the degree of responsiveness in ER-positive patients with
high recurrence score tumors deriving the most benefit from
polychemotherapy [28, 29].

Overall, these results suggest that adding taxanes to anthra-
cyclines could partly overcome the relative chemorefractori-
ness of the more proliferative HR-positive tumors. One
additional difficulty in deciphering the role of taxanes in ER-
positive patients is that two endocrine factors can interfere: the
ovarian function suppressing effects of chemotherapy in pre-
menopausal women and/or the use of tamoxifen [15]. In
PACS01, we observed that treating HR-positive patients with
tamoxifen could hamper the beneficial role of FEC-D. However,
tamoxifen was extremely beneficial to HR-positive patients for
whom the two therapies add to each other [30]. These data support
the hypothesis presented by Berry et al. that “in the ER positive
tumors the large benefit provided by tamoxifen overwhelms the
potential benefit of chemotherapy, or that the prognosis associ-
ated to these subtypes of tumors is so good it is difficult to detect
a difference between the two chemotherapy arms” [24].

Both Ki67, a cell-cycle protein associated with short-term
prognosis and higher sensitivity to chemotherapy, and HER2
amplification are detected in 12%–18% of all breast cancers;
they could become relevant tumor biomarkers to identify spe-
cific subgroups of patients sensitive to the addition of do-
cetaxel [31–33]. In the PACS01 8-year follow-up, Ki67 �20%
seems to be a significant predictor of response to docetaxel
when the entire ITT set is considered, irrespective of the ER
status, in agreement with the 5-year results. Unfortunately, the
HER2 status influence could not be completely tested because
of the small number of HER2-positive tumors [7].

In the BCIRG 001 trial, which compared 6 cycles of TAC
to 6 cycles of fluorouracil-doxorubicin-cyclophosphamide,
TAC significantly complemented endocrine therapy in pa-
tients with luminal B tumors (ER-positive and/or PR-positive
and either HER2-positive and/or high Ki67) [34]. However, a
retrospectiveanalysisofBCIRG001,whichtestedmultiplebio-
logic parameters, showed that Ki67 was associated with both
DFS and OS improvement but no significant interaction was
evidenced between Ki67 and treatment allocation [33].

A retrospective analysis of Cancer and Leukemia Group B
9344, which included 1,322 randomly selected node-positive
women, demonstrated a significant interaction between HER2
positivity and treatment arm favoring the paclitaxel-containing
(175 mg/m2) regimen (hazard ratio � 0.59, p � .01) [35]. Con-
versely, no interaction was observed between HER2 positivity

and doxorubin doses �60 mg/m2. Complicating matters,
HER2 status is a positive predictor for the benefit of both tax-
ane and anthracycline therapy [35, 36]. However, HER2-pos-
itive tumors would not currently be eligible for treatment with
any of the nontrastuzumab-based regimens investigated in
PACS01, and conclusions that might be drawn from this study
are thus irrelevant for this important subgroup.

In summary, these prognostic factors (HR, HER2, Ki67)
should not yet be used in clinical practice to identify patients
who may or may not benefit from a taxane-based regimen [5,
19]. Differences in the type of regimen (concurrent vs. sequen-
tial), schedule, and dosage are such that the true role of taxanes
in the adjuvant management of early-stage breast cancer re-
mains a relevant subject of study, especially in biologically de-
fined subgroups of tumors [19].

It is confirmed that the sequential taxane-containing regi-
men FEC-D is significantly more active than the standard 6 cy-
cles of FEC100 in the treatment of node-positive early breast
cancer. Long-term impact on safety and cardiac toxicity are
limited. Among the anthracycline-taxane regimens, FEC-D
compares favorably with a good efficacy/toxicity profile [1,
16, 17].
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Final approval of manuscript: Bruno Coudert, Bernard Asselain, Mario
Campone, Marc Spielmann, Jean-Pascal Machiels, Frédérique
Pénault-Llorca, Daniel Serin, Christelle Lévy, Gilles Romieu, Jean-Luc
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