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Background: Taxane-containing adjuvant chemotherapy has been established as standard treatment in node-positive breast
cancer. This study compared efficacy and tolerability of epirubicin (E)/cyclophosphamide (C) followed by docetaxel (Doc) with a
dose-dense 5-fluorouracil (F)þEþ C regimen.

Methods: The ADEBAR study was a randomised phase III trial for women with primary invasive breast cancer and X4 metastatic
axillary lymph nodes (n¼ 1364). Treatment consisted of four 21-day cycles of E plus C, followed by four 21-day cycles of Doc (EC-
Doc), or six 28-day cycles of E plus F plus C (FEC120).

Results: Disease-free survival (DFS) was similar in the two treatment arms as shown by multivariate Cox regression adjusted for
other prognostic factors (EC-Doc vs FEC120, hazard ratio (HR): 1.087; 95% confidence interval (CI): 0.878–1.346, P¼ 0.444). In
addition, there was no significant difference in overall survival (OS) between the two groups (HR: 0.974; 95% CI: 0.750–1.264,
P¼ 0.841). Haematologic toxicity was more common in FEC120 recipients; non-haematologic toxicities occurred more frequently
in the EC-Doc arm. The serious adverse event rate was significantly higher in the FEC120 group (29.7% vs 22.5%).

Conclusions: EC-Doc provides a feasible and effective alternative therapy option to FEC120 with a different safety profile in this
high-risk breast cancer cohort.

Patients with early-stage breast cancer benefit from adjuvant
chemotherapy in terms of reduced risk of relapse and disease-
related death compared with no treatment (Abe et al, 2005). The
benefits of anthracycline-based adjuvant chemotherapy in patients

with breast cancer have been known for several decades, with
meta-analysis data showing decreases in recurrence rates and
mortality using these regimens compared with cyclophosphamide,
methotrexate, and fluorouracil (CMF)-like combinations (Peto
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et al, 2012). Most patients are eligible for anthracycline-based
adjuvant chemotherapy, and the benefits are seen across a wide
range of patients (Gianni et al, 2009). A conservative estimate of
the absolute difference in mortality after 10 years for anthracycline
vs CMF regimen is 5% (Clarke, 2006). FEC120 (with epirubicin
60 mg m� 2 i.v. d 1þ 8, q4w, 6 cycles) has been established as one
of the gold standards of anthracycline-based treatment.

Taxanes have a well-established role in the management of
breast cancer (Albert et al, 2011). The majority of clinical trial
data suggest that the addition of a taxane to anthracycline-
based adjuvant chemotherapy significantly improves DFS and
OS compared with taxane-free anthracycline-based regimen
(Henderson et al, 2003; Mamounas et al, 2005; Martin et al,
2005; Roché et al, 2006; De Laurentiis et al, 2008), with outcome
improvements maintained for up to 10 years (Mackey et al, 2013).
However, this has not always been the case. The MA21 trial
reported lower relapse-free survival rates with an adjuvant regimen
of doxorubicin/cyclophosphamide followed by paclitaxel (AC/T)
compared with fluorouracil/epirubicin/cyclophosphamide (FEC)
or dose-dense epirubicin/cyclosphosphamide followed by pacli-
taxel (EC/T) (Burnell et al, 2010). Findings such as these highlight
the fact that the optimal treatment strategy for combining a taxane
with anthracycline-based chemotherapy has yet to be clearly
defined.

The MA21 trial utilised a dose-dense EC regimen (two
epirubicin 60 mg m� 2 doses per cycle), which may help explain
the relatively lower effect of the less dose-dense AC chemotherapy
schedule (Burnell et al, 2010). Although there are a large number of
trials investigating the effect of adding taxanes to anthracycline-
based chemotherapy in early breast cancer, the epirubicin
120 mg m� 2 regimen (two 60 mg m� 2 doses each cycle) has not
been widely studied in comparison with a taxane-containing
regimen.

Therefore, the aim of the present study was to compare the
efficacy and tolerability of sequential epirubicin/cyclophosphamide
followed by docetaxel (EC-Doc) chemotherapy to an FEC regimen
with an epirubicin dose of 120 mg m� 2 per cycle (FEC120) for
adjuvant treatment of women with high-risk node-positive breast
cancer.

PATIENTS AND METHODS

Study design. This phase III study had a multicentre, randomised,
open-label, parallel design. Randomisation was stratified on the
basis of baseline prognostic variables, including metastatic axillary
lymph-node involvement (4–9 vs X10 nodes), hormone receptor
status of the primary tumour (positive vs negative, with positivity
defined as X10% stained cells for oestrogen and/or progesterone),
and timing of radiotherapy (intermittently after completion of half
of cytotoxic chemotherapy vs after completion of the full
chemotherapy course).

Eligibility. Female patients aged 18–70 years were eligible for
enrolment if they met all of the following criteria: primary
epithelial invasive carcinoma of the breast pT1-4, pN2-3 (X4
metastatic axillary lymph nodes), pM0; complete resection of the
primary tumour with resection margins free of invasive carcinoma
and standard axillary lymphonodectomy (X10 removed lymph
nodes) not longer than 5 weeks ago; European Co-operative
Oncology Group (ECOG) performance status o2; estimated life
expectancy of X32 weeks; adequate bone marrow reserve
(leukocytes X3.0� 109 per litre and platelets X100� 109 per
litre); serum levels of creatinine, aspartate aminotransferase,
alanine aminotransferase, alkaline phosphatase, bilirubin, and
albumin within 1.5-fold of the normal range; intention to attend
regular follow-up visits for the duration of the study; ability to

understand the nature of the study. Patients were excluded if
they had clinical, histopathological, or radiological evidence of
distant metastases (M1), inflammatory breast cancer, previous or
concomitant cytotoxic or other antineoplastic treatment which
was not part of this study, a second primary malignancy (except
in situ carcinoma of the cervix or adequately treated basal cell
carcinoma of the skin), cardiomyopathy with impaired left
ventricular (LV) function (New York Heart Association class4II),
cardiac arrhythmias affecting the LV ejection fraction and
requiring medication, a history of myocardial infarction or angina
pectoris within the last 6 months or uncontrolled arterial
hypertension, any known hypersensitivity to any medication
included in the study protocol, use of any investigational agent
within 3 weeks before inclusion, or if they were pregnant or
breastfeeding (premenopausal women needed to be using reliable
method(s) of contraception).

The study was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice Guidelines. The study protocol
was approved by the institutional review board of each participat-
ing study centre. All patients gave written informed consent to
participate in the study.

Treatment schedule. After surgery leading to R0 resection of the
primary tumour, patients were randomised to one of the following
treatment arms: Arm A: four 21-day cycles of epirubicin
90 mg m� 2 body surface area intravenously (i.v.) and cyclopho-
sphamide 600 mg m� 2 i.v., each administered on day 1, followed
by four 21-day cycles of docetaxel 100 mg m� 2 i.v., administered
on day 1 (EC-Doc).

Arm B: six 28-day cycles of epirubicin 60 mg m� 2 body surface
area i.v. and 5-fluorouracil 500 mg m� 2 i.v. each administered on
days 1 and 8, plus cyclophosphamide 75 mg m� 2, oral adminis-
tration (p.o.) on days 1–14 (FEC120).

The scheduled total number of treatment cycles was eight in
arm A and six in arm B, toxicity and performance status of the
patients permitting. Patients with hormone receptor-positive
tumours received oral tamoxifen 20 mg day� 1 for 5 years starting
at the end of chemotherapy. This could be substituted by
exemestane, letrozole, or anastrozole in postmenopausal patients
with contraindications to or tolerability issues with tamoxifen.
Patients aged o40 years, with a restart of menstrual bleeding
within 6 months after the completion of cytostatic treatment, or
with premenopausal hormone levels received goserelin 3.6 mg
subcutaneously every 4 weeks for 2 years. Adjuvant radiotherapy
was scheduled after completion of systemic chemotherapy. If
patient needs or logistic issues dictated, then radiotherapy could
also be administered intermittently after completion of 50% of
chemotherapy cycles (i.e., after four cycles in arm A or three cycles
in arm B, respectively).

To achieve sufficient dose intensity and to prevent infections,
granulocyte-colony stimulating factor (G-CSF) could be used as
secondary prophylaxis in cases of febrile neutropaenia (tempera-
ture 438.5 1C, absolute neutrophil count (ANC) o0.5� 109 per
litre, requiring hospitalisation and i.v. antibiotics), neutropaenia
(ANC o0.5� 109 per litre) for 45 days or severe neutropaenia
(ANCo0.1� 109 per litre), or when the chemotherapy dosing
interval needed to be prolonged due to insufficient leukocytes
(o3.0� 109 per litre) or neutrophils (ANC o1.5� 109 per litre).
There was no primary prophylaxis with G-CSF in this study;
secondary prophylaxis, however, was allowed. When haematolo-
gical toxicities were still evident despite secondary G-CSF
prophylaxis, chemotherapy doses were progressively reduced by
one dose level (i.e., reduced by 25%). If the dose had to be
decreased by more than two levels, the patient was withdrawn from
the study. Darbepoetin could be used to treat chemotherapy-
induced anaemia (haemoglobin level p11.0 g dl� 1 or a reduction
of X3 g dl� 1 within 3 months of chemotherapy).
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Study end points. The primary end point as defined in the
ADEBAR study protocol was time to progression (TTP) in
patients treated with FEC120 chemotherapy vs sequential EC-
Doc chemotherapy. The study was originally designed as a non-
inferiority trial and was powered (80% power, alpha 0.05) to detect
inferiority of the EC-Doc chemotherapy in terms of 5-year
progression-free survival rate (without deaths) in predefined strata
with a non-inferiority margin of 8%. However, current recom-
mendations state that DFS rather than TTP (without deaths)
should be used as an end point in adjuvant breast cancer trials
(Hudis et al, 2007). Therefore, results are reported using invasive
disease-free survival (IDFS, in the following only DFS) as defined
according to the Standardized Definitions for Efficacy End Points
(STEEP) criteria (Hudis et al, 2007) as efficacy end point (with DFS
including all invasive ipsilateral, regional, contralateral and distant
disease recurrences, second primary tumours, and death from any
cause as events, while all non-invasive in situ cancer events were
excluded). A retrospective power analysis revealed that our study
with the sample size of 1364 patients had 82.2% power (two-sided
test, alpha 0.05) to detect inferiority of the EC-Doc chemotherapy
in terms of DFS with the non-inferiority margin set to an HR of
1.15. Thus, this study is sufficiently powered even if we used DFS
instead of TTP as primary efficacy end point. Secondary objectives
were to compare OS time after randomisation and toxicity
(assessed according to the Common Toxicity Criteria of the
National Cancer Institute, CTC, Version 2.0) in the two treatment
groups.

Statistical considerations. The primary efficacy analysis was
conducted on the full analysis set (FAS), which consisted of all
patients randomised to treatment for whom data were available
after randomisation. The safety population consisted of all those
who received at least one dose of study medication and had data on
the safety variables available.

Quantitative parameters are described by mean values, standard
deviation (s.d.), minimum, median, and maximum. All analyses are

based on a 5% significance level (two-sided), with 95% CIs
calculated where appropriate. DFS and OS were calculated using
Kaplan–Meier estimates and compared based on log-rank tests.
The effect of prognostic factors on DFS and OS was evaluated
using multivariate Cox proportional hazard models. The
Chi-squared test or Fisher’s exact text was used to compare
categorical variables and the Mann–Whitney U-test was used to
compare differences in continuous variables between the two
treatment groups. No adjustment for multiple testing was
performed. All analyses were calculated using SAS V9.1 (SAS
Institute, Cary, NC, USA) or IBM SPSS Statistics V21 (IBM Corp.,
Armonk, NY, USA).

RESULTS

Between September 2001 and May 2005, a total of 1493 patients
were randomised to treatment, 748 to EC-Doc and 745 to FEC120.
The FAS consisted of 1364 patients for whom data were available
(689 receiving EC-Doc and 675 receiving FEC120; see Figure 1)
and the safety cohort consisted of 1358 patients (684 receiving
EC-Doc and 674 receiving FEC120).

Patient characteristics. Baseline demographics and clinical
characteristics are shown in Table 1. Patient characteristics after
randomisation were well balanced between the two treatment
arms. Median observation time was 60.6 months (95% CI
56.9–62.8) in the EC-Doc group and 59.5 months (95% CI 57.4–61.9)
in the FEC120 group.

Treatment details. In all, 80.7% of patients in the EC-Doc group
and 82.1% in the FEC120 group completed all cycles of chemo-
therapy (8 and 6, respectively). Dose reduction was infrequent
during the first cycles of chemotherapy, being necessary in 0.5% of
cases in the four EC cycles and 3.2% of cases in the first three
FEC120 cycles. Corresponding values for the four docetaxel cycles
and cycles 4–6 of FEC120 were 5.1% and 9.5%, respectively.

1493 patients
were randomised

748 patients were
assigned to FEC-Doc

745 patients were
assigned to FEC120

689 patients included
in analysis (FAS)

675 patients included
in analysis (FAS)

Not evaluable patients: Not evaluable patients:
No documentation
No chemotherapy
Other reasons

No documentation
No chemotherapy
Other reasons

n = 44
n = 10

n = 5 n = 3
n = 56
n = 31
n = 4
n = 19

n = 29
n = 33
n = 2
n = 15

n = 5

n = 59
n = 7
n = 4

Prematurely stopped treatment:
Tumour progression
Toxicity
Refused further therapy
Death
Other reasons

Prematurely stopped treatment:
Tumour progression
Toxicity
Refused further therapy
Death
Other reasons

Figure 1. Consort study flowchart.
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Overall, dose reduction was necessary more often during FEC120
treatment compared with EC-Doc (6.2% vs 2.7%; Po0.001).
Chemotherapy was delayed in 6.2% of EC cycles, 5.6% of docetaxel
cycles, and in 6.3% and 10.8% of cycles 1–3 and 4–6 of FEC120,
respectively, with overall delay rates of 5.9% for EC-Doc and 8.5%
for FEC120 (Po0.001). Treatment delay following the first

docetaxel cycle occurred in 6.0%, which was not much higher
than in the next two docetaxel cycles (5.4% and 4.7%).

Disease-free survival. Kaplan–Meier curves displaying DFS in the
two treatment groups are shown in Figure 2 for the entire study
population (Figure 2A) and in subgroups of HER2-negative
(Figure 2B), HER2-positive (Figure 2C), and triple-negative
(Figure 2D) patients. Both for the entire study population and
for the subgroups analysed, DFS was similar in patients treated
with EC-Doc or FEC120. The proportion of patients with disease
progression (including deaths) at 5 years was 26.0% in the EC-Doc
group and 23.1% in the FEC120 group (P¼ 0.218).

Multivariate cox regressions confirmed that treatment had no
significant effect on DFS (EC-Doc vs FEC120; HR 1.087; 95% CI
0.878–1.346; P¼ 0.444). Significant effects on DFS were found for
menopausal status (post- vs premenopausal; HR 1.431; 95% CI
1.139–1.797; P¼ 0.002), hormone-receptor status (negative vs
positive; HR 1.841; 95% CI 1.434–2.365; Po0.001), tumour size
(pT3-4 vs pT1-2; HR 1.356; 95% CI 1.036–1.773; P¼ 0.026),
number of lymph nodes involved (pN3 vs pN1-2; HR 2.126; 95%
CI 1.712–2.641; Po0.001), and tumour grade (grade 3 vs grade
1–2, HR 1.483; 95% CI 1.180–1.863; P¼ 0.001).

Overall survival. There was no significant difference in OS between
the EC-Doc and FEC120 groups. Overall, 134 (19.4%) and 131
(19.4%) patients died during follow-up in the EC-Doc group and
FEC120 group, respectively. Median OS was 105.7 months in FEC120
recipients, but has not yet been reached in the EC-Doc group (log-
rank P-value for comparison between groups 0.979). As for DFS,
multivariate cox regressions confirmed that treatment had no
significant effect on OS (EC-Doc vs FEC120; HR 0.974; 95% CI
0.750–1.264; P¼ 0.841). Factors significantly associated with OS were
menopausal status (post- vs premenopausal; HR 1.560; 95% CI 1.176–
2.070; P¼ 0.002), hormone-receptor status (negative vs positive; HR
2.078; 95% CI 1.540–2.804; Po0.001), tumour size (pT3-4 vs pT1-2;
HR 1.387; 95% CI 1.001–1.922; P¼ 0.049), number of lymph nodes
involved (pN3 vs pN1-2; HR 1.951; 95% CI 1.495–2.546; Po0.001),
and tumour grade (grade 3 vs grade 1–2; HR 1.622; 95% CI 1.224–
2.150; P¼ 0.001).

Toxicity. More than 99% of patients in both treatment groups
experienced some kind of toxicity during the study. On the basis of
the highest grade toxicity for each patient, the rate of grade 1–2
toxicity was 13.8% in EC-Doc recipients and 12.1% in those receiving
FEC120, and the corresponding rates of grade 3–4 toxicity were 85.5%
and 86.8%, respectively (P¼ 0.952). The rate of serious adverse events
was significantly higher in the FEC120 than in the EC-Doc group
(29.7% vs 22.5%; P¼ 0.003). There was also a significant difference
between treatment groups in favour of EC-Doc vs FEC120 with
respect to the number of patients who stopped treatment prematurely
due to toxicity (4.2% vs 8.3%; P¼ 0.002). In the FEC120 arm more
patients received supportive treatments than in the EC-Doc arm
(antibiotic treatment: 350 vs 285 patients; G-CSF support: 412 vs 273
patients; erythropoietin stimulation: 137 vs 58 patients); accordingly,
rates of antibiotic treatment, G-CSF support, and erythropoietin
stimulation were significantly higher in FEC120 vs EC-Doc recipients
(all Po0.001; see Figure 3). In the sequential EC-Doc arm, the rate of
grade 3–4 toxicity was higher (Po0.001) in the four docetaxel cycles
combined (49.4% of all cycles) than in the four EC cycles combined
(37.2%). The rate of grade 3–4 toxicity was highest in the first
docetaxel cycle (58.1%) and decreased in the following docetaxel
cycles (52.5%, 48.7%, and 37.5% in the second, third, and fourth
docetaxel cycles, respectively), which might at least partly be due to
dose reductions following the first docetaxel cycle.

Most types of haematologic toxicities occurred more frequently
during chemotherapy with FEC120 compared with EC-Doc
(Table 2). The relative risk of grade 3–4 anaemia (Po0.001),
leukopaenia (Po0.001), thrombocytopaenia (Po0.001), and

Table 1. Patient baseline demographic data and clinical
characteristics

EC-Doc FEC120
Variable n¼689 n¼675

Age, years
Median (range) 54 (27–71) 54 (25–71)
Mean (s.d.) 53.3 (9.95) 53.9 (9.85)

Body mass index, kg m�2

Median (range) 25.9 (15.6–53.5) 25.9 (16.9–48.2)
Mean (s.d.) 26.8 (5.2) 26.8 (4.9)

Menopausal status, n (%)
Premenopausal 252 (36.6) 253 (37.5)
Postmenopausal 428 (62.1) 417 (61.8)
Unknown 9 (1.3%) 5 (0.7)

ECOG performance status, n (%)
0 298 (43.3) 274 (40.6)
1 294 (42.7) 303 (44.9)
2 45 (6.5) 49 (7.3)
3 3 (0.4) 1 (0.1)
4 4 (0.6) 3 (0.4)
Unknown 45 (6.5) 45 (6.7)

Histological subtype, n (%)
Ductal 486 (70.5) 467 (69.2)
Lobular 144 (20.9) 142 (21.0)
Mixed ductal-lobular 53 (7.7) 60 (8.9)
Undefined 6 (0.9) 6 (0.9)

Tumour location, n (%)
Left 340 (49.3) 343 (50.8)
Right 344 (49.9) 331 (49.0)
Unknown 5 (0.7) 1 (0.1)

Tumour size, n (%)
T1 189 (27.4) 199 (29.5)
T2 393 (57.0) 355 (52.6)
T3 84 (12.2) 81 (12.0)
T4 22 (3.2) 38 (5.6)
Unknown 1 (0.1) 2 (0.3)

Number of positive axillary lymph nodes, n (%)
1–3 (pN1) 1 (0.1) 3 (0.4)
4–9 (pN2) 417 (60.5) 405 (60.0)
X10 (pN3) 270 (39.2) 265 (39.3)
Unknown 1 (0.1) 2 (0.3)

Histological grade, n (%)
Grade 1þ 2 346 (50.2) 340 (50.4)
Grade 3 300 (43.5) 274 (40.6)
Unknown 43 (6.2) 61 (9.0)

Hormone receptor status, n (%)
Negative 170 (24.7) 162 (24.0)
Positive 519 (75.3) 513 (76.0)

HER2 status, n (%)
Negative 476 (69.1) 473 (70.1)
Positive 149 (21.6) 153 (22.7)
Undefined 64 (9.3) 49 (7.3)

Additional treatment, n (%)
Radiotherapy after chemotherapy 591 (85.8) 570 (84.4)
Radiotherapy between
chemotherapy courses

98 (14.2) 105 (15.6)

Endocrine treatment 84 (12.2) 73 (10.8)

Abbreviations: ECOG¼European Co-operative Oncology Group; EC-Doc¼ epirubicin/cyclo-
phosphamide followed by docetaxel; FEC¼ fluorouracil/epirubicin/cyclophosphamide.
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infection (P¼ 0.001) was significantly greater with FEC120
compared with EC-Doc. In both treatment arms, severe non-
haematologic adverse events (Table 3) were markedly less frequent
than haematological toxicity. The relative risk of grade 3–4
vomiting (P¼ 0.004), oedema (P¼ 0.001), neurological symptoms
(Po0.001), pain (Po0.001), skin reactions (P¼ 0.001), and
arthralgia/myalgia (Po0.001) was significantly lower with
FEC120 compared with EC-Doc.

DISCUSSION

The results of the ADEBAR study did not show any significant
difference in DFS and OS between high-risk node-positive breast-
cancer patients treated with sequential EC-Doc therapy compared
with a dose-dense FEC120 regimen. The results were the same for
all patients and for the subgroups of patients with HER2-positive,
HER2-negative or triple-negative disease; it has to be noted,
however, that the study was not sufficiently powered for these
subgroup analyses. This is in line with the results of the MA21 trial
that also compared dose-dense FEC120 with a sequential EC-
taxane therapy (Burnell et al, 2010), but in contrast to several other
previous studies that had reported improved survival outcomes by
addition of a taxane to anthracycline-based chemotherapy.

Treatment with similar regimens showed improved 5-year
DFS with sequential Doc then EC compared with FEC (72.6% vs
67.2%, respectively) (Polyzos et al, 2010). The order of Doc
and EC therapy was opposite to that in our study, but the
optimal treatment order in sequential taxane/anthracycline-
based chemotherapy has not been clearly defined (Wildiers
et al, 2010) (although sequential and concurrent therapy
appears to be equivalent) (Eiermann et al, 2011). There were
also slight variations in drug dosages with higher E and lower C
dosages in the sequential arm, and higher E and 5-FU and
lower C dosages in the FEC arm of the ADEBAR study. Different
drug dosages were also used in another EC-Doc vs FEC study
(WSG-AGO EC-DOC), which reported significantly higher
event-free survival (EFS) rates at 5 years in the sequential taxane
arm vs conventionally-dosed FEC100 (89.8% vs 87.3%;
P¼ 0.038) in low-risk node-positive patients (Nitz et al, 2014),
and in another trial comparing FEC100 and FEC100-Doc where
5-year DFS was 73.2% in the standard therapy arm compared
with 78.4% in the sequential taxane arm (P¼ 0.012) (Roché et al,
2006). Disease-free survival was also significantly increased in
patients receiving three cycles of FEC100 followed by three cycles
of Doc compared with six cycles of FEC100 in the PACS01
trial (70.2% vs 65.8%; P¼ 0.03) (Coudert et al, 2012), and in
patients receiving FEC followed by paclitaxel compared with
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Figure 2. Disease-free survival in the full analysis set (A) and patient subgroups with HER2-negative (B), HER2-positive (C), or triple-negative (D)
disease.
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FEC alone (5-year DFS 78.5% vs 72.1%, respectively; P¼ 0.006)
(Martı́n et al, 2008).

The objective end point OS is universally accepted as a direct
measure of benefit in cancer trials (US Department of Health
and Human Services, Food and Drug Administration, 2007).
One of the studies discussed above had OS rates that were
quantitatively similar to those seen in the current study, with
5-year rates of around 80% (Polyzos et al, 2010), while in other
studies, which either did (Roché et al, 2006; Nitz et al, 2014) or did
not (Martı́n et al, 2008) show a significant difference favouring
taxane-containing regimens in terms of OS, OS rates were closer to
90% (Roché et al, 2006; Martı́n et al, 2008; Nitz et al, 2014),
possibly reflecting variations in patient characteristics between

studies and less advanced disease at baseline (mostly o4 positive
lymph nodes).

Overall, it is widely accepted that adding a taxane to
anthracycline-based chemotherapy regimens is beneficial, and this
was documented in a comprehensive meta-analysis of clinical trials
(Peto et al, 2012). The absolute 5-year risk reductions in DFS and
OS by addition of a taxane have been estimated at 5% or 3%,
respectively (De Laurentiis et al, 2008). However, the optimal
taxane-containing chemotherapy combination regimen is less
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Figure 3. Use of supportive treatments during chemotherapy (G-CSF,
granulocyte-colony stimulating factor; *Po0.001 for comparison
between EC-Doc and FEC120).

Table 2. Haematologic toxicity

EC-Doc FEC120
n¼684 n¼674

Any haematologic event
Grade 1–2 98 (14.3) 89 (13.2)
Grade 3–4 562 (82.2) 567 (84.1)

Anaemia
Grade 1–2 540 (78.9) 517 (76.7)
Grade 3–4 19 (2.8) 105 (15.6)

Leukopaenia
Grade 1–2 137 (20.0) 93 (13.8)
Grade 3–4 491 (71.8) 542 (80.4)

Neutropaenia
Grade 1–2 82 (12.0) 87 (12.9)
Grade 3–4 406 (59.4) 420 (62.3)

Thrombocytopaenia
Grade 1–2 213 (31.1) 313 (46.4)
Grade 3–4 13 (1.9) 160 (23.7)

Infection
Grade 1–2 290 (42.4) 216 (32.0)
Grade 3–4 66 (9.6) 104 (15.4)

Abbreviations: EC-Doc¼ epirubicin/cyclophosphamide followed by docetaxel; FEC¼
fluorouracil/epirubicin/cyclophosphamide.

Table 3. Non-haematologic toxicity

EC-Doc FEC120
n¼684 n¼674

Any non-haematologic event
Grade 1–2 432 (63.2) 520 (77.2)
Grade 3–4 247 (36.1) 145 (21.5)

Elevated bilirubin levels
Grade 1–2 0 (0.0) 0 (0.0)
Grade 3–4 8 (1.2) 1 (0.1)

Elevated transaminase levels
Grade 1–2 0 (0.0) 0 (0.0)
Grade 3–4 6 (0.9) 10 (1.5)

Nausea
Grade 1–2 3 (0.4) 6 (0.9)
Grade 3–4 8 (1.2) 11 (1.6)

Vomiting
Grade 1–2 0 (0.0) 0 (0.0)
Grade 3–4 24 (3.5) 12 (1.8)

Diarrhoea
Grade 1–2 0 (0.0) 0 (0.0)
Grade 3–4 7 (1.0) 12 (1.8)

Alopecia
Grade 1–2 149 (21.8) 252 (37.4)
Grade 3–4 4 (0.6) 1 (0.1)

Cardiac toxicity
Grade 1–2 1 (0.1) 0 (0.0)
Grade 3–4 1 (0.1) 4 (0.6)

Oedema
Grade 1–2 12 (1.8) 8 (1.2)
Grade 3–4 10 (1.5) 1 (0.1)

Neurological symptoms
Grade 1–2 8 (1.2) 3 (0.4)
Grade 3–4 5 (0.7) 1 (0.1)

Pain
Grade 1–2 39 (5.7) 31 (4.6)
Grade 3–4 35 (5.1) 14 (2.1)

Skin reactions
Grade 1–2 17 (2.5) 8 (1.2)
Grade 3–4 23 (33.6) 6 (0.9)

Allergic reactions
Grade 1–2 0 (0.0) 0 (0.0)
Grade 3–4 1 (0.1) 0 (0.0)

Fever
Grade 1–2 17 (2.5) 48 (7.1)
Grade 3–4 6 (0.9) 5 (0.7)

Arthralgia/myalgia
Grade 1–2 63 (9.2) 18 (2.7)
Grade 3–4 57 (8.3) 8 (1.2)

Mucositis
Grade 1–2 123 (18.0) 146 (21.7)
Grade 3–4 52 (7.6) 59 (8.8)

Abbreviations: EC-Doc¼ epirubicin/cyclophosphamide followed by docetaxel; FEC¼
fluorouracil/epirubicin/cyclophosphamide.
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clear. Taxane combinations that have been studied in clinical trials
in early breast cancer include TAC (Mamounas et al, 2005; Mackey
et al, 2013), FEC-Doc (Roché et al, 2006; Burnell et al, 2010;
Polyzos et al, 2010; Coudert et al, 2012; Nitz et al, 2014), and EC-
Doc (Vici et al, 2012; Mirzaei et al, 2013; Sanna et al, 2013). The
recent Gruppo Italiano Mammella (GIM)-2 study investigated
whether 5-FU is required in taxane-containing adjuvant regimens
for node-positive early breast cancer, as well as investigating the
impact on outcomes of a more dose-dense regimen (treatment
every 2 weeks instead of 3) (Del Mastro et al, 2015). Fluorouracil/
epirubicin/cyclophosphamide was not more effective than EC in
this study, indicating that 5-FU is not necessary in taxane-
containing adjuvant regimens, but dose-dense therapy (treatment
every 2 weeks) was significantly better with respect to DFS and OS
than standard therapy (treatment every 3 weeks), with or without
5-FU (Del Mastro et al, 2015).

Another study compared a sequential EC then paclitaxel
chemotherapy with an intense dose-dense sequential epirubicin,
paclitaxel, and cyclophosphamide (iddETC) chemotherapy in
patients with high-risk node-positive (X4 positive lymph nodes)
primary breast cancer, that is, the patients had a risk profile very
similar to the ADEBAR trial (Moebus et al, 2010). The iddETC
regimen significantly improved EFS and OS compared with the
sequential EC paclitaxel regimen. The 5-year EFS and OS rates
observed in the iddETC arm (EFS: 70%; OS 82%) were comparable
to the 5-year DFS and OS rates (71.1% and 81.9%, respectively)
observed in the EC-Doc arm of the ADEBAR study, while patients
in the sequential EC paclitaxel arm had 5-year EFS and OS rates of
only 62% and 77% (Moebus et al, 2010).

Published studies examining anthracycline-based regimens with
and without addition of a taxane are relatively consistent in
showing better tolerability in the taxane-containing arms. In our
study, haematological toxicity was significantly higher in patients
receiving FEC120 whereas a number of non-haematological
toxicities occurred at a significantly higher frequency in those
treated with EC-Doc. This was similar to the toxicities observed
during previous studies comparing FEC alone with FEC followed
by paclitaxel treatment; haematological toxicities such as neutro-
paenia were significantly more common in the FEC group and
non-haematological events including peripheral neuropathy,
arthralgia and myalgia occurred almost exclusively in taxane
recipients (Martı́n et al, 2008). Neurological adverse events in
patients receiving taxane therapy appear to be a relatively
consistent finding, being also noted in another study where Doc
was administered before EC (Polyzos et al, 2010).

As described above, in our ADEBAR study, where Doc was
administered after EC, the rate of haematological adverse events
was lower in the taxane-containing treatment arm. This is in
contrast to studies in which Doc was given before EC, where the
rate of neutropaenia was significantly higher than in those studies
testing standard anthracycline-based chemotherapy (Polyzos et al,
2010; Vici et al, 2012). Furthermore, a significantly greater number
of Doc-EC vs FEC recipients required secondary prophylaxis with
G-CSF (Polyzos et al, 2010). This is in direct contrast to our
finding that rates of G-CSF support (and antibiotic treatment as
well as erythropoietin stimulation) were significantly higher in
FEC120 vs EC-Doc recipients. This would suggest that the order of
therapy may influence the tolerability of the sequential regimen,
although studies directly assessing this issue have failed to show a
potential problem with tolerability when a taxane is administered
first (Wildiers et al, 2010).

Cardiotoxicity is a well-known adverse effect of anthracyclines,
and the cumulative dose has an important role in increasing the
cardiotoxic effects of therapy (Volkova and Russell, 2011). The rate
of short-term cardiac side effects in this study was very low (o1%),
but it is likely that a longer follow-up duration would be required
to fully assess the negative impact of anthracyclines on the heart.

Our study has a number of limitations that should be taken into
account when interpreting the results. There was some variability
between patients with respect to additional treatment, such as
radiotherapy and endocrine therapy. However, randomisation
ensured that the treatment groups were evenly matched at baseline,
and the inclusion of a broad range of patients means that the
results are more likely to be applicable to the diversity of cases
encountered in clinical practice. In addition, the large number of
patients included in the study and the similarity of results across
patient subgroups suggests that the study results can be considered
robust. The study included patients with 43 lymph-node
metastases; and therefore, the results are only valid in this
subgroup of breast cancer patients. In addition, the findings
cannot be generalised to elderly patients, who were not part of the
patient population studied. It should also be noted that the FEC120
comparator used in this study represents an intense regimen with
relatively high levels of efficacy (and therefore sets high
comparative standards) but these come at the cost of increased
levels of toxicity; and therefore, FEC120 is not always considered as
an appropriate treatment option. Finally, it has to be emphasised
that patients with HER2-positive tumours did not receive HER2-
targeted treatment, as trastuzumab was not approved for treatment
of early breast cancer at the time of the ADEBAR study.
Trastuzumab might affect efficacy of cytotoxic therapies, and the
addition of trastuzumab to adjuvant chemotherapy seems to offset
the advantage of anthracycline vs non-anthracycline regimen
(Slamon et al, 2011). However, we found no difference in survival
between the two anthracycline-based treatments FEC120 and EC-
Doc in patients with HER2-positive disease, and there is no
evidence suggesting that trastuzumab efficacy differs between
anthracycline-based chemotherapies with or without taxanes.

The ADEBAR study adds to the body of evidence supporting
sequential administration of anthracycline-based chemotherapy
and taxanes. This approach allows the dose intensity and/or
cumulative drug doses to be maximised without unmanageable or
intolerable toxicity. Both regimens are obviously very effective for
the adjuvant therapy of patients with high-risk node-positive breast
cancer. Thus, knowledge about their equivalence in terms of
efficacy means the most appropriate regimen can be selected for
individual patients. Furthermore, differences in toxicity between
the regimens could aid in the decision-making process when
clinicians are deciding on the best overall option for their patient.
Another factor to consider is that regimens containing Doc rather
than 5-FU in combination with an anthracycline and cyclopho-
sphamide might have advantages in terms of cost-effectiveness
based on the results of a Spanish study (Martı́n-Jiménez et al,
2009). Clinical outcomes from the BCIRG001 trial were used in the
development of a Markov model which generated cost-effective-
ness ratios of h2345 and h2631 per life-year and quality-adjusted
life-year gained, respectively, for treatment of node-positive
breast cancer with Doc, doxorubicin, and cyclosphosphamide vs
5-flourouracil, doxorubicin, and cyclosphosphamide (Martı́n-
Jiménez et al, 2009). There is also a possibility that medical costs
could be lower with the taxane-based regimen due to less
intervention required for haematologic toxicity.

In conclusion, both EC-Doc and dose-dense FEC120 are feasible
and effective regimens for the treatment of patients with high-risk
node-positive early breast cancer, with a similar effect on DFS and
OS. The different tolerability profiles of the two anthracycline-
based regimens favour EC-Doc for the majority of patients.
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