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Abstract To compare the long-term outcome of women
with primary or locally advanced breast cancer randomised
to receive either doxorubicin and cyclophosphamide (AC)
or doxorubicin and docetaxel (AD) as primary chemo-
therapy. Eligible patients with histologic-proven breast
cancer with primary tumours >3 cm, inflammatory or

Preliminary results presented in part at the 38th Annual Meeting of the
American Society of Clinical Oncology, Orlando, FL, May 18-21,
2002; completed first analysis presented in part at the 40th Annual
Meeting of the American Society of Clinical Oncology, New Orleans,
LA, June 5-8, 2004, and published in the Journal of Clinical Oncology
23: 2988-2995, 2005. This 5-year outcome analysis was presented in
part at the 44th Annual Meeting of the American Society of Clinical
Oncology, Chicago, 1L, 2008.

This study is conducted on behalf of the Anglo-Celtic Cooperative
Oncology Group.
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locally advanced disease, and no evidence of distant
metastases, were randomised to receive a maximum of 6
cycles of either doxorubicin (60 mg/m?) plus cyclophos-
phamide (600 mg/m?) i/v or doxorubicin (50 mg/m?) plus
docetaxel (75 mg/mz) i/v every 3 weeks, followed by
surgery on completion of chemotherapy. Clinical and
pathologic responses have previously been reported. Time
to relapse, site of relapse, and all-cause mortality were
recorded. This updated analysis compares long-term dis-
ease-free (DFS) and overall survival (OS) using stratified
log rank methods. A total of 363 patients were randomised
to AC (n = 181) or AD (n = 182). A complete pathologic
response was observed in 16% for AC and 12% for AD
(P = 0.43). The number of patients with positive axillary
nodes at surgery with AC was 61% and AD 66%
(P = 0.36). At a median follow-up of 99 months there is
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no significant difference between the two groups for DFS
(P = 0.20) and OS (P = 0.24). Deaths were due to meta-
static breast cancer in 96% of patients. Our data do not
support a clinical benefit for simultaneous administration
of AD compared with AC. However, the data do not
exclude a smaller benefit than the study was powered to
detect and are consistent with an increase in both disease-
free and overall survival of about 5% for AD compared
with AC. Outcome is consistent with the pathologic com-
plete response following surgery.

Keywords Breast cancer - Neoadjuvant therapy -
Docetaxel - Outcome

Introduction

We have previously reported on the clinical and pathologic
response rates for patients with large primary, inflamma-
tory, or locally advanced breast cancers receiving a com-
bination of doxorubicin with cyclophosphamide (AC)
compared with doxorubicin and docetaxel (AD) as primary
medical therapy [1]. The rationale for this study was based
on the increasing use of primary chemotherapy in women
with locally advanced or large primary (>3 cm) breast
cancers with the aim of reducing the size of the primary
tumour. This had been shown to increase the rate of breast
conservation surgery and to avoid the need for mastectomy
in selected patients. The hypothesis was also that there may
be an improvement in DFS and OS by abolishing micro-
metastatic disease [2, 3]. High response rates (60—90%) had
been reported with primary chemotherapy in large operable
breast cancers, suggesting that early breast cancer is clin-
ically more chemo-sensitive than metastatic disease [4-7].
Furthermore, improved outcome (overall survival) is rela-
ted to higher clinical and pathologic response rates to pri-
mary chemotherapy [6—10].

Various chemotherapy regimens have been used as
primary chemotherapy in women with breast cancer. Most
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regimens incorporate an anthracycline which generally
produce an overall objective clinical response in over two-
thirds of patients and a pathologic complete response
(pCR) rate of 10-15% [5, 11]. At the time of development
of this study, docetaxel had been shown to have significant
activity in patients with metastatic breast cancer, including
those patients with anthracycline-resistant disease [12, 13].
The single-agent activity of docetaxel and of the anthra-
cyclines, and the absence of complete cross-resistance
between them, provided a rationale to develop these drugs
in combination in patients with breast cancer [14]. Fur-
thermore, AD gave superior response rates and time to
progression, but not superior OS, compared with AC as
first-line chemotherapy in patients with metastatic breast
cancer. This was published shortly after recruitment into
our study was completed [15].

We previously reported a trend towards a superior
clinical response rate with AD compared with AC which
did not reach statistical significance, and also did not show
an advantage of AD over AC in terms of the pathologic
response rate. However, at the time of reporting, the
median DFS and OS had not been reached. We now report
the outcome of these patients after a median follow-up of
99 months.

Methods
Patient eligibility

This was a phase III, multicentre, randomised trial
involving 23 centres in the UK, Ireland and Belgium. The
Local Research Ethics Committee of each participating
institution approved the study, and all patients gave writ-
ten, informed consent before any study-related procedures
were performed.

Eligible patients were women with histologic-proven
(core biopsy) breast cancer with large primary (>3 cm)
tumours, inflammatory breast cancer, or locally advanced
disease who were considered to be candidates for primary
chemotherapy prior to surgical intervention. All patients
were required to have adequate performance status
(ECOG < 1), adequate haematologic (Hb > 9 g/dl; abso-
lute neutrophil count > 1.5 x 109/1; and platelets > 100 x
109/1), renal (serum creatinine within normal limits), and
liver (AST, ALT, and alkaline phosphatase all <1.5 x
upper limit of normal, and bilirubin within normal limits)
function and to have no evidence of metastatic disease.
Patients were excluded from the study if there was any
evidence of active cardiac disease, prior history of malig-
nancy other than basal cell carcinoma of the skin or in situ
cancer of the cervix.
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Study design

All patients had initial chest radiography, electrocardio-
gram, full blood count, and assessment of renal and liver
function prior to study entry. Additional investigations were
performed in line with local policy. Patients were stratified
according to operability and according to participating
centre, and randomised to receive up to a maximum of six
cycles of AD or AC. Patients were eligible for the study if
they had inoperable disease that might be rendered operable
following a good response to primary chemotherapy, or if
they were operable but required a mastectomy and desired
down-staging to enable breast conserving surgery.

On completion of chemotherapy patients underwent
surgery, including axillary node dissection, with the choice
of surgical procedure for local control of the primary lesion
at the discretion of the surgeons at the participating centre. If
a patient had a clinical or radiologic complete response and
the investigator determined that no surgery was required
then the patient was referred for radiotherapy. Post-opera-
tive radiotherapy and tamoxifen were administered as
appropriate based on existing management guidelines.

Chemotherapy treatment

Chemotherapy consisted of either (a) intravenous bolus
injections of doxorubicin (60 mg/m?) and cyclophospha-
mide (600 mg/mz) both administered every 3 weeks (AC);
or (b) intravenous bolus injection of doxorubicin (50 mg/
m2) and docetaxel (75 mg/mz) administered as a 1-h
intravenous infusion, with both drugs being given every
3 weeks (AD). The doses of AD were based on the pre-
liminary recommendations available from the (then
unpublished) dose-finding study of this combination in
first-line treatment of patients with metastatic breast cancer
[14]. The doses of AC were those used in primary che-
motherapy studies in breast cancer at that time, both in the
USA [16] and UK [17]. Prophylactic antibiotics were given
to reduce the risk of neutropenic sepsis with AD. The
details of the chemotherapy administration including cri-
teria for dose delays and reductions have been reported
previously [1].

Tumour response and outcome measures

Clinical and pathologic tumour response evaluation toge-
ther with details of dose intensity have also been described
previously [1] and are summarised in “Results”.

Statistical methods

The primary endpoint of this study was the overall clin-
ical response rate to primary chemotherapy. Response

rates and nodal status were compared between the two
treatment groups using the y* test, excluding unknown
values. Confidence intervals for proportions were calcu-
lated using the normal approximation to the binomial
distribution.

DFS was defined as the time in months from randomi-
sation to first recurrence. If no recurrence was recorded but
the patient had died from breast cancer then DFS was
defined as the time to death. If no recurrence was recorded
and the patient had died from causes other than breast
cancer then DFS was censored at the date of death. If no
recurrence was recorded and the patient had not died then
DFS was censored at the date that the patient was last seen
alive.

OS was defined as time in months from randomisation to
death from any cause. If the patient had not died then OS
was censored at the date that the patient was last seen alive.

DFS and OS were compared using log rank tests strat-
ified by operability. Kaplan—-Meier survival curves were
plotted, and the 5-year DFS and OS were calculated along
with corresponding 95% confidence intervals. Details of
sites of relapse (local only, local and distant, distant) and
cause of death (whether or not due to breast cancer; other
cause if not due to breast cancer) were recorded for all
patients. A Kaplan—Meier analysis of recurrence and death
in relation to nodal status, pathologic complete response
(pCR), and oestrogen receptor (ER) status was performed
to establish consistency of this patient group with the lit-
erature. A Cox regression analysis was also performed to
enable a comparison of treatments adjusting for prognostic
variables (oestrogen receptor status, nodal status and type
of chemotherapy).

The sample size was determined as 350 patients to
provide 90% power at the (one sided) 5% significance level
of detecting an improvement in the clinical overall
response rate from 70 to 84% (a relative improvement of
20%) with the combination of AD. The study has 80%
power for detecting a 15% difference in DFS and a 14%
difference in OS. All patients were analysed according to
the intention to treat.

Data were collected and managed by the Information
and Statistics Division (NHS Scotland) Clinical Trials
Team (Edinburgh, UK). All analyses were performed by
the Study Statistician (Ann Yellowlees, Helen Brown;
Quantics Consulting Ltd, UK), independently of the
investigators.

Role of the funding source
The study design was approved by the Anglo-Celtic
Cooperative Oncology Group. The funding supported the

running of the study through the Edinburgh Clinical Trials
Unit and a per-patient fee to the hospital recruiting the
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patient. The funding source had no role in collection,
analysis, interpretation, or the writing of the manuscript.

Results

A total of 363 patients were enrolled in this study between
January 1999 and February 2002. One hundred and eighty-
one patients were randomised to receive AC and one hun-
dred and eighty-two patients to receive AD. The patient
characteristics and the management following chemother-
apy have been reported previously [1] and are summarised in
Table 1. The median tumour size at presentation was 6 cm.

Clinical and pathologic response

The clinical and pathologic response rates have been
reported [1]. The pathologic complete response rate in the
breast (pCR breast) was 24 and 21% for AC and AD,
respectively (P = 0.61). Of note, there were 27 patients
with pCR in the breast who had involvement of axillary
lymph nodes by invasive carcinoma (AD = 14, AC = 13).
Consequently, the true pCR rates as defined by the absence
of any invasive carcinoma in both the breast and the axilla
were 16 and 12% (P = 0.43) for AC and AD, respectively.
Conversely, 61 and 66% of patients who received AC and
AD, respectively, were node positive after chemotherapy
(P = 0.36).

Table 1 Patient characteristics

Characteristic AC AD All patients
Number recruited 181 182 363
Age
Median 48 49 48
Range 25-73 27-74 25-74
Operability of tumour (pre-chemotherapy)
Operable by mastectomy 141 (78%) 139 (77%) 280 (77%)
Inflammatory cancer 26 (14%) 28 (15%) 54 (15%)
Locally advanced tumour 14 (8%) 15 (8%) 29 (8%)
Management following chemotherapy
Breast conservation 36 (20%) 38 (21%)* 74 (20%)
Mastectomy 137 (76%) 132 (73%) 269 (74%)
No surgical intervention 8 (4%) 12 (7%) 20 (6%)
Radiotherapy 149 (82%) 142 (78%) 291 (80%)
Endocrine therapy 108 (60%)° 120 (66%) 228 (63%)

AC doxorubicin and cyclophosphamide treatment group, AD doxo-
rubicin and docetaxel treatment group

# One patient who had axillary surgery only

° One patient who received endocrine therapy after surgery was not
included in the original publication (108 patients received endocrine
therapy rather than 107) [1]. This does not affect the interpretation of
the results

@ Springer

Chemotherapy details

The chemotherapy details, including toxicity, have also
been reported previously [1]. In summary, a mean of 5.5
cycles was received by both the groups and similar number
of patients received less than the maximum of 6 cycles in
both the groups (45 and 43 patients receiving AC and AD,
respectively). Despite prophylactic antibiotics in the AD
arm, episodes of grade 3/4 infection occurred more fre-
quently in the AD arm (57 vs. 19).

Dose reduction was necessary with 19 (1.9%) cycles of
AC in 9 patients, and 150 (15%) cycles of AD in 47
patients. In contrast, dose delay was necessary with 97
(9.8%) cycles of AC in 54 patients, but with only 45 (4.5%)
cycles of AD in 26 patients. However, the dose intensity of
each regimen, relative to the planned doses and schedules,
was similar in both treatment arms (AC = 88%, AD =
86%).

Relapse and survival

With a median follow-up of 99 months, 87/181 (48%) and
76/182 (42%) of patients, treated with AC and AD,
respectively, have relapsed and 71/181 (39%) and 60/182
(33%) have died from breast cancer. Of the 226 patients
alive at the time of this analysis, all but 5 (1 AC, 4 AD) had
follow-up information for 5 or more years. There was no
significant difference in the DFS between the two groups
(P = 0.20): the 5-year DFS for AC is 54% (95% CI
46-61%), and for AD is 59% (95% CI 51-66%) (Fig. 1).
There was also no significant difference in the rates of relapse
at local and/or distant sites between AC and AD (Table 2).

At the time of this analysis, 74 and 63 deaths have been
observed in the patients treated with AC and AD, respec-
tively. The 5-year OS is 67% (95% CI 60—74%) for AC and
72% (95% CI 65-78%) for AD. (Fig. 2) There is no sig-
nificant difference between the two groups for OS
(P = 0.24). The cause of death was recorded as being due
to metastatic breast cancer in 96% of patients (Table 2).

The Kaplan—-Meier analysis for nodal status, pCR, and
ER confirms a poorer prognosis for those patients who are
node positive, ER negative, and for those who did not
achieve a pCR (Tables 3, 4). The Cox regression analysis
confirmed that ER and nodal status were independently
strongly significant factors for DFS and OS (P < 0.001),
but chemotherapy regimen was not (P = 0.078 for DFS;
P = 0.191 for OS).

Discussion

We were the first to report on a randomised controlled trial
comparing the simultaneous administration of AD with a
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AD 182 162 138 122 115 103 82 46 19 4 0

Disease-free survival at 5 years: AC 0.54 (95% C10.46-0.61), AD 0.59 (95% CI 0.51-0.66).
P=0.20

Fig. 1 Kaplan—Meier curve for disease-free survival demonstrating
no significant difference (P = 0.20) in DFS at 5 years for AC (54%;
95% CI 46-61%) and AD (59%; 95% CI 51-66%)

recognised, anthracycline-containing, standard chemother-
apy regimen as primary chemotherapy in patients with
large primary or locally advanced breast cancer. The
clinical and pathologic response rates were similar for
patients receiving either AC or AD and comparable to
some, but not all, similar studies using these drugs as
previously discussed [1].

It is well recognised that outcome following primary
medical therapy is related to a number of factors, the most
important of which are the presence of positive lymph
nodes following chemotherapy and pCR of the primary
tumour predicting worse and better outcomes, respectively
[6, 8,9, 18-21]. Our data is consistent with the literature in

Table 2 Site of tumour relapse and death

Patient treatment AC AD
(N=181) (N=182)
N (%) N (%)

Site of relapse®

Local relapse only 22 (12) 18 (10)
Contralateral breast only 4(2) 2 (1)
Local/contralateral and distant relapse 17 (9) 14 (8)
Distant relapse only 44 (24) 42 (23)
Cause of death
Total 74 (41) 63 (35)
Metastatic breast cancer 71 (39) 60 (33)
Other® 3(2) 2(1)
Unknown 0 (0) 1(1)

 Patients with recorded relapses

® AC: pulmonary embolus (2), AML: septicaemia, AD: pulmonary
embolus, colorectal cancer

a/“'

Proportion of patients alive
~
£l
£
.
j;/

0 12 24 36 48 60 72 84 96 108 120
Time (months)

No. at risk
AC 181 172 156 139 129 117 97 57 25 2 0
AD 182 175 156 145 137 125 98 58 22 5 0

Overall survival at 5 years: AC 0.67 (95% CI 0.60-0.74), AD 0.72 (95% CI 0.65-0.78).
P=0.24

Fig. 2 Kaplan—-Meier curve for overall survival demonstrating no
significant difference (P = 0.24) in OS at 5 years for AC (67%; 95%
CI 60-74%) and AD (72%; 95% CI 65-78%)

terms of these prognostic factors. It is therefore not entirely
unexpected that, as there were similar rates of node posi-
tivity and pCR following AC and AD, the outcome was
similar in both the groups. The 5-year DFS and OS are
comparable with other studies [22, 23], particularly as this
study group only included patients with tumours of at least
3 cm (median 6 cm). However, it should be noted that this
study only had sufficient power to detect differences in
outcome of 14% or more between the treatment groups,
and we cannot exclude a smaller benefit than the study was
powered to detect. Furthermore, our data are consistent
with an increase in both disease-free and overall survival of
about 5% for AD compared with AC.

The local recurrence rates are high in this study but the
patient group consisted of women presenting with locally
advanced tumours with a median size of 6 cm and all of
whom would have required a mastectomy at presentation.

To further support these findings, a large adjuvant study
using the same combinations albeit with a lower dose of
docetaxel (60 mg/m?) reported no difference in outcome
for the 2,882 patients enrolled in the study after a median
follow-up of 79.5 months (E2197 Intergroup Trial) [23].
Furthermore, a meta-analysis of randomised trials using
taxane-based combinations as adjuvant or primary medical
chemotherapy for early breast cancer was recently pub-
lished [24]. This meta-analysis included 13 studies
(n = 22,903 patients) in which a sensitivity analysis sug-
gested that taxanes given in combination with anthracy-
clines did not significantly improve OS.

Conversely, there have been several reports on the use
of sequential non-cross-resistant chemotherapy; notably,
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Table 3 Kaplan—Meier analysis by clinical variables

Factor Level N Relapse Death
Events P (difference Events P (difference between
— between factor levels) — factor levels)
n % n %
Node +ve 212 117 55 97 46
Status —ve 121 36 30 23 19
Total 333 <0.001 <0.001
pCR N 284 141 50 110 39
Y 47 12 26 10 21
Total 313 0.004 0.031
ER —ve 104 63 61 52 50
Status +ve 222 88 40 67 30
Total 326 <0.001 <0.001
pCR pathological complete response rate, ER oestrogen receptor
Table 4 Cox regression analysis by clinical variables Balancing DFS and OS advantages from sequential
Factor Relapse Death versus concurrent administration with taxanes also needs to
take the safety profile into account. The toxicity and dose
ER <0.001 <0.001  jntensity from this study has been discussed previously [1],
Nodal status <0.001 <0.001 byt it should be noted that since our initial publication one
Treatment regimen 0.078 0.191  study was stopped early because of toxicity in the AD arm

ER oestrogen status

all show an increased pathologic response rate with this
approach [22, 25, 26]. For example, in the NSABP B27
study the pCR rate was increased from 13.7% following
four courses of AC to 26.1% when an additional 4 cycles of
docetaxel were given [25]. Outcome data from this study
have been published [22] and recently updated [27] and
confirm that patients who achieved a pCR have an
improved DFS and OS compared with patients who do not,
although for the study group as a whole there was no dif-
ference in OS and a trend towards an increased DFS in
women who received the taxane prior to surgery as
opposed to after. Interestingly, the meta-analysis by De
Laurentiis et al. [24] showed that the pooled hazard ratio
was 0.83 (95% CI 0.79-0.87; P < 0.00001) for DFS and
0.85 (95% CI 0.79-0.91; P < 0.00001) for OS for inclu-
sion of a taxane in the regimen. This meta-analysis, how-
ever, did not include the results from the more recently
published TACT study comparing a sequential taxane-
containing regimen with a standard anthracycline-
containing regimen in the adjuvant setting in 4162 women
where no disease-free or survival advantage was found
after a median follow-up of 62 months [28].

For comparison, the hazard ratios obtained from a Cox
regression analysis of this study are 0.79 (95% CI 0.56—
1.12; P = 0.18) for DFS and 0.81 (95% CI 0.60-1.09;
P = 0.17) for OS.

@ Springer

using the same doses in an adjuvant setting [29] and another
adjuvant study using concurrent anthracyclines and taxanes
(TAC vs. FAC), again with the same dose of doxorubicin
and docetaxel, was associated with a significant survival
advantage (87 vs. 81%, P = 0.008) but with an increased
rate of febrile neutropenia in the taxane-containing arm
(24.7 vs. 2.5%, P = 0.001) [30]. The Goldstein study was
also associated with an increase in grade 3 neutropenia with
fever or infection with AD (26 vs. 10%, P < 0.05) [23]. Itis
standard practice now to use primary prophylaxis with
granulocyte-colony-stimulating factor where the risk of
febrile neutropenia is 20% or more [31]; this will influence
the toxicity profiles for current and future regimens.

It is clear that primary chemotherapy can decrease the
need for mastectomy and that the pCR can be increased if a
non-cross-resistant regimen is given. Thus, AD does appear
to offer less of an advantage over AC if the taxane is given
concomitantly than if it is given sequentially. Continued
evaluation of response rates to particular treatment regi-
mens, including the use of some of the newer targeted
therapies, and scheduling will lead to incremental
improvements in the pCR and subsequent outcome. As
with all aspects of breast cancer, attention is now being
paid to defining the value of particular molecular and
genetic markers, as well as more sophisticated imaging
techniques that will predict for responsiveness as well as
non-responsiveness to a variety of novel agents with dif-
ferent mechanisms of action which have been emerging
over recent years.
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Of particular interest is that this approach in terms of
interpretation of pathologic response underpins the value of
the primary medical setting to provide information more
quickly on new approaches and new agents but that larger
numbers of patients are required to demonstrate small, but
potentially meaningful, improvements in overall survival.
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