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Introduction
Adjuvant polychemotherapy improves disease-free sur-
vival and overall survival in women with early breast
cancer. A meta-analysis by the Early Breast Cancer
Trialists’ Collaborative Group (EBCTCG)1 reported that
over 15 years, there had been a reduction in recurrence
(12·3%, 2p�0·00001) and death (10·0% [SE 1–6],
2p�0·00001) for women younger than 50 years who
had received adjuvant polychemotherapy. A smaller,
but still highly significant, reduction in risk of
recurrence (4·1%, 2p�0·00001) and death (3·0%,

2p�0·00001) was seen for women aged 50–69 years
who received the same treatment. The effect of
adjuvant chemotherapy on recurrence was noted
mainly during the first 5 years after randomisation.
The magnitude of effect within this 5-year period was
2·5 times greater for women aged younger than
50 years (14·6%, 2p�0·00001) compared with women
aged 50–59 years (5·9%, 2p�0·00001). 

The EBCTCG meta-analysis1 also compared regimens
that contain anthracyclines with no chemotherapy or
with the oral combination of cyclophosphamide,
methotrexate, and fluorouracil (CMF). The most widely
investigated regimens that contain anthracyclines were
a combination of cyclophosphamide and fluorouracil
with either doxorubicin or epirubicin. The EBCTCG
study found that allocation to about 6 months of
anthracycline-based polychemotherapy reduced the
yearly death rate from breast-cancer by about 38% for
women younger than 50 years of age at diagnosis and
by about 20% for women 50–69 years of age at
diagnosis. 

Since the introduction of anthracyclines, different
approaches have been made to the improvement of
adjuvant polychemotherapy (figure), including esta-
blishment of the best possible dose of anthracycline-
based treatment, testing of the benefits of addition of a
taxane to a regimen that contains anthracycline, and
addition of a targeted agent to polychemotherapy.
Various control groups have been used, including the
CMF regimen, standard-dose anthracycline regimens,
and anthracycline–taxane regimens. Promising data
with 10 years’ follow-up is available for selected
escalated-dose epirubicin studies, and 5-year reported
data for anthacycline–taxane regimens has become
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Over the past two decades, several studies have suggested that regimens that contain anthracyclines are more

effective than those that do not. A meta-analysis by the 2005 Early Breast Cancer Trialists’ Collaborative Group

confirmed that about 6 months of anthracycline-based polychemotherapy in the adjuvant setting reduced the

yearly death rate from breast cancer by about 38% for women younger than 50 years and by 20% for women aged

50–69 years. Although this meta-analysis found that survival was better with regimens that contain anthracycline

than with regimens based on cyclophosphamide, methotrexate, and fluorouracil, the best use of anthracycline-

based regimens remains unclear. Adjuvant regimens in use can be categorised into three groups: standard-dose

anthracycline; escalated-dose epirubicin; and anthracyclines and taxanes. The duration of treatment and

combination of dose and drugs varies between these three categories. We reviewed the three types of regimen to

establish which provide a better outcome in terms of safety, efficacy, cost, and convenience to patients. We found

that both escalated-dose epirubicin and anthracycline–taxane regimens were most effective in terms of disease-

free survival and overall survival. Of the specific anthracycline-based regimens, the docetaxel, doxorubicin, and

cyclophosphamide regimen (TAC); the fluorouracil, 100 mg epirubicin, and cyclophosphamide regimen

(FEC100); and the cyclophosphamide, epirubicin, and fluorouracil regimen (CEF) produced the greatest

proportional decreases in 5-year death rate.

Selection of adjuvant chemotherapy for treatment of
node-positive breast cancer
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Figure: Interpreting results of adjuvant chemotherapy trials in node-positive breast cancer can be puzzling
C=cyclophosphamide. M=methotrexate. F=fluorouracil. E=epirubicin. A=doxorubicin. T=docetaxel or paclitaxel.
50, 100=epirubicin dose (mg/m2). 175, 225=taxane dose (mg/m2). ???=yet to be identified.
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available in the past few years. As a result, women with
node-positive breast cancer now have many treatment
options. Although progress has been encouraging, very
few of the new treatment options have been compared
directly with one another in randomised controlled

trials. This lack of comparison has made discerning
the best possible treatment difficult. The result is a
broad range of practice standards in the USA, Europe,
and Canada.2 The most common categories of
regimens used to treat women with node-positive
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Study regimen Disease-free survival p Overall survival p Ref

Standard-dose anthracyclines AC60 then intravenous CMF 3-year, 68% NS NR NS 5
AC60 3-year, 62% 3-year, 83%
Oral CMF 3-year, 63% 3-year, 82%

Standard-dose anthracyclines FAC* 7·5-year, 73% 0·046 7·5-year, 85% 0·038 6
5-year, 75% 5-year, 89%

Intravenous  CMF* 5-year, 67% 5-year, 81%
7·5-year, 62% 7·5-year, 76%

FAC† 5-year, 46% 5-year, 64%
7·5-year, 41% 7·5-year 54%

Intravenous  CMF† 5-year, 43% NS 5-year, 60% NS
7·5-year, 39% 7·5-year, 52%

Standard-dose anthracyclines FEC60 NR NR 6-year, 66%‡ NR 7
6-year, 50%§

Intravenous  CMF NR NR 6-year, 60%‡ NS
6-year, 48%§

Standard-dose anthracyclines FEC1 134 of 380 patients relapsed NS 88 of 380 patients died NS 8
FEC2
Oral CMF 138 of 379 patients relapsed NS 81 of 379 patients died NS
Intravenous  CMF

Standard-dose anthracyclines FAC NR NR 5-year, 74 NS 9
Intravenous  CMF 5-year, 68

Standard-dose anthracyclines AVCF 16-year, 53% 0·006 16-year, 56% 0·01 10
Oral CMF 16-year, 36% 16-year, 41%

Escalated-dose doxorubicin AC with or without sequential P 5-year, 69% NS 5-year, 79% NS 11
AC with or without sequential P 5-year, 66% 5-year, 79%
AC with or without sequential P 5-year, 67% 5-year, 77%

Escalated-dose doxorubicin High-dose CAF 5-year, 66% NS 5-year, 79% NS 12
Moderate-dose CAF 5-year, 61% 5-year, 77%
Low-dose CAF 5-year, 56% 5-year, 72%

Escalated-dose doxorubicin AC 5-year, 62% NS 5-year, 78% NS 13
AC followed by A 5-year, 60% 5-year, 77%
AC 5-year, 64% 5-year, 77%

Escalated-dose epirubicin EC100 3-year, 80%¶ 0·80|| 3-year, 92% 0·87 14
Oral CMF 3-year, 78%¶ 3-year, 91%
EC60 3-year, 72%¶ 0·04** 3-year, 89% 0·05|| 

Escalated-dose epirubicin Oral CEF 5-year, 63% 5-year, 0·009 5-year, 77% 5-year, 0·03 15, 16
10-year, 52% 10-year, 0·005 10-year, 62% 10-year, 0·047

Oral CMF 5-year, 53% 5-year, 70%
10-year, 45% 10-year, 58% 

Escalated-dose epirubicin FEC100 5-year, 66·3% 5-year, 0·03 5-year, 77·4% 5-year, 0·007 17, 18
10-year, 50·7% 10-year, 0·03 10-year, 54·8% 10-year, 0·02

FEC 5-year, 54·8% 5-year, 65·3% 
10-year, 45·3% 10-year, 50% 

Escalated-dose epirubicin EC120 3-year, 72% NS 3-year, 91% NS 19
Oral CMF 3-year, 63% NS 3-year, 89% NS

Anthracycline–taxane AC60–90 then P175 5-year, 70% 0·0011 5-year, 80% 0·0098 11
AC60–90 5-year, 65% 5-year, 77%

Anthracycline–taxane AC60 then P225 5-year, 76% 0·008 5-year, 85% NS 20
AC60 5-year, 72% 5-year, 85%

Anthracycline–taxane TAC 5-year, 75% 0·001 5-year, 87% 0·008 21
FAC 5-year, 68% 5-year, 81%

Anthracycline–taxane P250 then FAC72h 2-year, 86% 0·09 NR NR 22
FAC72h 2-year, 83%

Anthracycline–taxane A then P175 then C 4-year, 82% 0·01†† 3-year, 92% 0·013 23
AC then P175
A then P175 then C (and filgrastim) 4-year, 75% NR NR NR
AC then P175 (and filgrastim)

A=doxorubicin. C=cyclophosphamide. NS=non-significant. M=methotrexate. F=fluorouracil. E=epirubicin. NR=not reported. V=vincristine. P=paclitaxel. T=docetaxel. *Node-negative
patients only. †Node-positive patients only. ‡Premenopausal. §Postmenopausal. ¶Event-free survival. ||EC100 vs oral CMF. **EC100 vs EC60. ††Relative risk 3 weeks vs 2 weeks.

Table 1: Disease-free survival and overall survival



Review

888 http://oncology.thelancet.com Vol 6   November 2005

breast cancer are standard-dose combinations that
contain anthracyclines (50–60 mg/m2 anthracycline
per cycle), escalated-dose epirubicin-based combi-
nations (100–120 mg/m2 epirubicin per cycle), and
anthracycline–taxane regimens given in sequence or in
combination. However, the specific adjuvant regimen
that provides the best possible results in the treatment
of node-positive breast cancer has not yet been
established. We aimed to review the available ran-
domised controlled data to establish which of the
available adjuvant-treatment options provides better
outcome in terms of efficacy, safety, treatment cost,
and convenience to patients.

Overview of adjuvant studies 
16 randomised controlled trials met the inclusion and
exclusion criteria of this review. These studies enrolled
more than 15 000 patients with node-positive disease
in the adjuvant setting; two studies3,4 were excluded
because they did not meet the minimum number of
patients needed. A third of the women were enrolled in
studies investigating the role of regimens containing
either standard-dose anthracyclines or escalated-dose
anthracyclines, whereas two-thirds of women were
enrolled in trials of anthracycline–taxane regimens.
The two most commonly investigated anthracyclines
were doxorubicin and epirubicin. Table 1 summarises
the disease-free survival and overall survival for the
three categories of regimens.5–23

The EBCTCG meta-analysis1 showed a highly signi-
ficant survival advantage for six cycles of an anthra-
cycline-containing regimen compared with oral CMF.
However, most of the trials that investigated standard-
dose anthracycline-containing combinations5–9 showed
no improvement in disease-free survival and overall
survival. A study by the Spanish Breast Cancer
Research Group6 showed an improvement in overall
survival in the node-negative subgroup, but not in the
node-positive subgroup. A study by the Danish group7

showed a survival benefit in premenopausal patients
who were node-negative or node-positive, but not in all
patients combined.

Seven trials11–19 that investigated the dose escalation
of either an epirubicin or doxorubicin regimen were
identified. The Cancer and Leukemia Group B
(CALGB) 9344,11 CALGB 8541,12 and National Surgical
Adjuvant Breast and Bowel Project (NSABP) B2213

trials established that increased doses of doxorubicin
did not significantly improve survival over standard-
dose regimens. Three of the four studies that tested
escalated-dose epirubicin regimens, the Belgian
study,14 the National Cancer Institute of Canada MA5
study,15,16 and the French Adjuvant Study Group
(FASG) 0517,18 showed survival benefits, whereas a
small study19 in patients that were high risk did not. 

Although epirubicin and doxorubicin have proven to
be equally active at equimolar doses in the advanced

breast-cancer setting, escalated-dose epirubicin regi-
mens, through direct and indirect comparisons,
produced better outcomes than did both standard-dose
anthracycline regimens and escalated-dose doxo-
rubicin regimens in the adjuvant-treatment setting.
This advantage is probably because epirubicin has less
cardiotoxicity and haematological toxicity than dose
doxorubicin, allowing for greater dose intensity. These
findings suggest that epirubicin at escalated doses,
rather than doxorubicin, is preferred in the adjuvant
setting.

The taxanes docetaxel and paclitaxel have shown
better activity than have standard regimens in the
treatment of advanced breast cancer.24–31 Five
randomised controlled trials11,20–23 were identified that
investigated anthracycline–taxane regimens in the
adjuvant setting. Two studies11,20 compared an
anthracycline-containing sequence with four cycles of
anthracycline-based treatment: the first, the CALGB
934411 showed improvements in both overall survival
and disease-free survival, but the second, the NSABP
B28,20 showed a benefit in disease-free survival at
5 years. The Breast Cancer International Research
Group (BCIRG) 001 trial21 and the MD Anderson study22

compared an anthracycline–taxane combination with
six cycles of anthracycline-based treatment. The
BCIRG001 study showed improved overall survival and
disease-free survival at 5 years, whereas the MD
Anderson study, which spanned both the adjuvant and
neoadjuvant settings, showed no survival benefit at
2 years. Finally, the CALGB 974123 study found that a
dose-dense version of an anthracycline–taxane con-
taining sequence was better than the same sequence at
standard doses. 

Overall, many studies1,14–18,21,23 of escalated-dose
epirubicin and anthracycline–taxane regimens showed
survival benefits. Ideally, level-one evidence—large
randomised clinical trials with a small risk of a false
positive or a false negative conclusion, more than one
consistent randomised clinical trial, or a meta-
analysis—should support a change in standards of
clinical practice.32 This level of evidence has been shown
for escalated-dose epirubicin and anthracycline–taxane
categories.

Survival outcomes
Many prognostic factors are known to affect survival,
including age, tamoxifen exposure, nodal status,
tumour size, and hormone-receptor status. Tables 2–5
summarise the dose, schedule, patient characteristics,
and survival outcomes of studies on escalated-dose
epirubicin and anthracycline–taxane regimens with
positive survival outcomes.11,14–18,20,21,23,33–35 None of the
trials summarised directly compared escalated-dose
epirubicin with anthracycline–taxane regimens,
making conclusive statements about activity difficult.
However, all experimental regimens were compared
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with four main types of control groups: oral CMF;
standard-dose anthracycline (four-cycle); standard-dose
anthracycline (six-cycle); and anthracycline–taxane
sequences. Furthermore, all control groups were
directly or indirectly comparable with an oral combi-
nation of CMF, or to a six-cycle standard-dose
anthracycline regimen, making it possible to indirectly
compare the activity of every experimental regimen
with these benchmarks. To account for differences in
populations across trials, we compared 5-year propor-
tional reductions in death rate in reference to one of
the two benchmarks. The proportional reduction in
death rate was calculated by dividing the difference
in 5-year death rate between the control and
experimental groups by the 5-year death rate of the
control group (100 minus 5-year overall survival) then
multiplying this value by 100. 

Direct comparisons with oral CMF regimens
The first polychemotherapy regimen to be established
as a standard for adjuvant treatment in women with
positive nodes was an oral combination of CMF.1 The
MA515,16 and the Belgian studies14 compared escalated-
dose epirubicin regimens with that of CMF. The MA5
study15,16 randomly assigned premenopausal women to
six cycles of cyclophosphamide, epirubicin, and fluoro-
uracil (CEF) or six cycles of oral CMF. The study
excluded the use of tamoxifen for all patients. The CEF
regimen showed a significant advantage in terms of
both 5-year relapse-free survival and overall survival,
compared with the oral CMF regimen (table 1). When a
Cox proportional hazard model adjusted for im-
balances in baseline prognostic factors was used, the
relative risk ratio for recurrence remained significant
at 1·3 (95% CI 1·04–1·65, p=0·02), but the risk ratio
for death was not significant at 1·22 (0·91–1·64,
p=0·17). The proportional reduction in death at 5 years

for the CEF regimen compared with that of the CMF
regimen was 23%. With 10 years’ follow-up, the
advantage of the CEF regimen compared with that of
CMF remained highly significant for relapse-free
survival and marginally significant for overall survival
(table 1). Very few regimens have shown such
persistent benefits in disease-free survival and overall
survival as CEF. However, these results might not be
extrapolated readily to today’s practice because of the
very specific population of patients investigated
(ie, premenopausal patients only) and the absence of
endocrine treatment in the trial.

In the Belgian trial,14 eight cycles of an escalated-dose
epirubicin doublet—100 mg/m2 epirubicin and cyclo-
phosphamide (EC100)—was compared with six cycles
of oral CMF or eight cycles of 60 mg/m2 epirubicin and
cyclophosphamide (EC60). Despite longer treatment in
the experimental group, at follow-up of 52–58 months,
no significant difference in event-free survival or
overall survival was detected compared with the
oral CMF regimen (table 1). The 3-year proportional
reduction in death for EC100 compared with the oral
CMF regimen was 11%. A secondary comparison in
the same trial14 established a benefit for EC100
compared with EC60 in terms of both event-free
survival and overall survival (table 1). Although not
compared directly, EC60 might be deemed less
effective than the oral CMF regimen. 

Direct comparisons with four cycles of standard-
dose anthracycline treatment
The NSABP B155 showed that four cycles or 3 months’
treatment with 60 mg/m2 doxorubicin and cyclophos-
phamide (AC60) were equivalent to six cycles of oral
CMF. Two trials11,20 compared anthracycline–taxane
experimental regimens with the standard doxorubicin
and cyclophosphamide regimen and, thus, were

MA515,16,33 FASG17,18 Belgian study14

Oral CEF Oral CMF FEC100 FEC50 EC100 EC60 Oral CMF 
(n=351) (n=359) (n=276) (n=289) (n=255) (n=267) (n=255)

Age (years) 40–49, 60%* 40–49, 58%* 51 (23–68)† 50 (25–66)† 49 (28–66)‡ 49 (25–68)‡ 49 (26–70)‡
Tamoxifen No No Some§ Some§ Some¶ Some¶ Some¶
Premenopausal (%) 100 100 47 53 59 58 56
Receptor status (%)

ER positive 59 59 58 55 54 52 58
PR positive NR NR 59 57 NR NR NR
ERBB2 positive 24** 24**

Involved nodes (%)
1–3 61 61 17 18 61 59 59
�3 39 39 83 82 39|| 41|| 41||

Tumour stage (%)
1–2 91 88 80·5 76·1 NR NR NR
3–4 7 12 20 24 NR NR NR

C=cyclophosphamide. E=epirubicin. F=fluorouracil. M=methotrexate. ER=oestrogen receptor. PR=progesterone receptor. NR=not reported. *Proportion of patients in age-group indicated.
†Mean (range). ‡Median (range). §Postmenopausal patients received 30 mg/day with chemotherapy for 3 years. Some patients with ER-negative tumours received tamoxifen, some did not.
¶40 mg/day after last chemotherapy cycle for 5 years in postmenopausal patients with ER-positive or unknown tumours. ||�4 involved nodes. **Data from fluorescence in-situ hybridisation.

Table 2: Escalated-dose epirubicin regimens
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indirectly comparable with oral CMF. CALGB 934411

compared four cycles of 60–90 mg/m2 doxorubicin and
cyclophosphamide followed by 175 mg/m2 paclitaxel
infused over 3 h with four cycles of 60–90 mg/m2

doxorubicin and cyclophosphamide alone. 54% of
patients in this study had three or more positive lymph
nodes, which showed that many patients had a poor
outlook. The study found no significant reduction in
risk of recurrence or risk of death related to
doxorubicin dose. 5-year disease-free survival for
patients randomly assigned to one of the three doxo-
rubicin and cyclophosphamide groups followed by
175 mg/m2 paclitaxel was 70%, compared with 65% for
patients receiving doxorubicin and cyclophosphamide
alone: 5-year overall survival for this comparison was
80% and 77%, respectively. The resulting proportional
reduction in mortality was 13%. 60 mg/m2 doxorubicin
followed by 175 mg/m2 paclitaxel is favoured clinically.
Unfortunately, the study did not report on activity
outcome for the three doxorubicin groups separately,
which would have provided a more accurate measure
of activity for the 60 mg/m2 doxorubicin followed by
175 mg/m2 paclitaxel regimen.

The second anthracycline–taxane trial, the NSABP
B28,20 compared an almost identical anthra-
cycline–taxane regimen (four cycles of AC60) to that in
the CALGB 9344,11 and showed no significant survival
benefit (table 1). Patients in this study had a slightly
more favourable outlook compared with those in the
CALGB 9344 study (70% vs 46% of patients with
1–3 positive lymph nodes). The absolute increase in
disease-free survival (4%) was comparable to the net
gain in the CALGB 9344 trial (5%); however, no
difference in overall survival was noted between the
two groups of the NSABP B28 study (table 1). 5-year

overall survival was 85% for both the 60 mg/m2

doxorubicin followed by 225 mg/m2 paclitaxel regimen
and the 60 mg/m2 doxorubicin groups (relative risk
0·93 [95% CI 0·78–1·12], p=0·46). 

Although longer treatment can improve outcome,36

the addition of four cycles of paclitaxel to four cycles of
doxorubicin and cyclophosphamide did not improve
overall survival consistently compared with doxo-
rubicin and cyclophosphamide alone. How two very
similar regimens with such comparable disease-free
survival outcomes produced different survival
outcomes is difficult to explain. Concurrent use of
tamoxifen and chemotherapy has been shown to
adversely affect survival.37 A possible explanation for
the survival differences could be that concurrent
tamoxifen negates the effects of the chemotherapy.38

Furthermore, patients with a poorer outlook from the
CALGB 9344 study11 might have benefited more from
an anthracycline–taxane regimen because they had a
poorer outlook than did those in the NSABP B28
study20 (54% vs 30% with three or more positive lymph
nodes). Finally, because patients in the NSABP B28
study20 had a better outlook, longer follow-up might be
needed for a survival benefit to become apparent. 

Direct comparisons to six cycles of standard-
dose anthracyclines 
Two studies17,18 compared experimental regimens to
six-cycles of standard–dose anthracycline treatment.
The first was the FASG study,17,18 which compared
fluorouracil, 100 mg/m2 epirubicin, and cyclophospha-
mide (FEC100) given every 21 days with fluorouracil,
epirubicin, and cyclophosphamide given on day 1 of
every cycle, with epirubicin given at 50 mg/m2 (FEC50).
Distinguishing characteristics of these patients were

CALGB 934411 NSABP B2820,34 CALGB 974123 BCIRG00121,35

AC60–90 AC60–90 AC then P225 AC Dose-dense AC Standard-dose TAC FAC 
then P175 (n=1590) (n=1531) (n=1529) then P AC then P (n=744) (n=736)
(n=1580) (n=988) (n=985)

Median age (years) �49, 61%* �49, 60%* �49, 50%* �49, 50%* �49, 50%* �49, 50%* 49 (range 26–70) 49 (range 23–70)
Tamoxifen Some† Some† Some‡ Some‡ Some§ Some§ Yes¶ Yes¶
Premenopausal (%) 61 62 NR NR 48 49 57 59
Receptor status (%)

ER positive 60 58 65 66 64 65 76|| 76||
PR positive 67 66 61 62 NR NR NR NR
ERBB2 positive NR NR NR NR NR NR 21 22

Involved nodes (%)
1–3 46 47 70 70 59 60 63 62
�3 54 53 30 30 41 40 38 39

Tumour stage
1–2 87 88 93 91 42** 39** 92 94
3–4 13 12 7 9 56†† 58†† 8 6

A=doxorubicin. C=cyclophosphamide. P=paclitaxel. T=docetaxel. F=fluorouracil. ER=oestrogen receptor. PR=progesterone receptor. NR=not reported. *Proportion of patients in
age-group indicated. †94% of ER-positive or PR-positive patients and 21% of patients with ER-negative and PR-negative tumours. ‡20 mg/day given concurrently for 5 years in patients
�50 years old or with ER-positive or PR-positive tumours. §Patients �50 years old or patients �50 years old with ER-postive or PR-positive tumours. ¶20mg/day for 5 years in
ER-positive or PR-positive tumours. ||ER positive or PR positive. **T1 only. ††T2–4.

Table 3: Anthracycline-taxane regimens
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their short-term exposure to concurrent tamoxifen
(3 years) and the very high proportion who had three or
more involved lymph nodes (82–83%). A significant
benefit for FEC100 compared with FEC50 was seen at
5 years for both disease-free survival and overall
survival (table 1). These differences remained
significant when adjusted for prognostic factors by
use of a Cox proportional hazard model for relapse
1·37 (95% CI 1·05–1·79; p=0·02) and death
1·55 (1·14–2·0; p=0·005). At a median follow-up of
110 months, the difference in both disease-free
survival and overall survival for FEC100 compared with
FEC remained significant (table 1). Although the long-
term results of this study are promising, they might
not be extrapolated readily to today’s practice because
of the very specific high-risk group assessed and the
suboptimum exposure of patients to endocrine
treatment.

The second study to compare an experimental
regimen with six cycles of a standard-dose anthra-
cycline was BCIRG001.21 Six cycles of a docetaxel,
doxorubicin, and cyclophosphamide (TAC) regimen
were compared with a similar number of cycles of a
fluorouracil, doxorubicin, and cyclophosphamide
(FAC) regimen. With 55 months’ follow-up, results
showed a highly significant improvement in the
estimated 5-year disease-free survival (75% vs 68%,
p=0·001) and 5-year overall survival (87% vs 81%,
p=0·008) for patients receiving the TAC regimen.
When a Cox proportional hazard model was applied to
adjust for baseline characteristics, the hazard ratios
comparing TAC with FAC were 0·70 (95% CI

0·59–0·87) for disease-free survival and 0·68
(0·52–0·89) for overall survival. The proportional
reduction in mortality for patients given TAC
compared with FAC at 5 years was 32%. The propor-
tional reduction in mortality recorded for TAC was the
largest of all regimens reviewed to date; however, some
have questioned the use of FAC as the appropriate
control group, despite its inclusion as a six-cycle
standard-dose anthracycline regimen in the overview
analysis.1

Direct comparisons with anthracycline–taxane
sequences
The CALGB 9741 study23 randomly assigned patients to
one of four groups to assess variations in the use of a
regimen of doxorubicin, cyclophosphamide, and
paclitaxel. Two groups assessed differences between
sequential and concurrent use of these agents with a
dose-dense 2-weekly schedule (with filgrastim). The
other two groups investigated the same issues of
concurrent versus sequential use with a standard
three-weekly schedule. The CALGB 9741 study23

compared the combined results of patients who
received dose-dense doxorubicin and cyclophos-
phamide followed by paclitaxel with the combined
results of those who received standard-dose
doxorubicin and cyclophosphamide followed by
paclitaxel (table 1). At a median follow-up of
36 months, disease-free survival was 82% for the dose-
dense group compared with 75% for the standard-dose
group, and overall survival was 92% versus 90%,
respectively. When a Cox proportional hazard model

MA515,16 FASG17,18 Belgian study14

Oral CEF Oral CMF Hazard ratio FEC100 FEC50 Hazard ratio EC100 EC60 Oral CMF Hazard ratio 
(n=351) (n=359) (95% CI) (n=268) (n=278) (95% CI) (n=255) (n=267) (n=255) (95% CI)

Relative dose 77 88 NA 86·1 90·3 NA 90 95 89 NA
intensity (mean %) (of epirubicin) (of epirubicin)
Median follow-up 120 120 NA 110 110 NA 58 58 58 NA
(months)
Disease-free survival 
(%, 95% CI)

3-year NA NA NA NA NA NA 80 (74–86) 72 (66–78) 78 (73–83) EC100 vs CMF, 
0·96 (0·70–1·31); 
EC100 vs EC60, 
0·73 (0·54 –0·99)

5-year 63 (57–68)* 53 (48–58)* 1·3 (1·04–1·65)* 66·3 (60–72) 54·8 (49–61) 1·37 (1·05–1·79) NA NA NA NA
10-year 52* 45* 1·31 (1·06–1·61)* 50·7 45·3 1·24 (0·97–1·59) NA NA NA NA

Overall survival 
3-year NA NA NA NA NA NA 92 (89–96) 89 (85–93) 91 (87–95) EC100 vs CMF, 

0·97 (0·65–1·44); 
EC100 vs EC60, 
0·69  (0·47–1·00)

5-year† 77 (73–82) 70 (65–75) 1·22 (0·91–1·64) 77 (73–82) 70 (65–75) 1·55 (1·14–2·10) NA NA NA NA
10-year‡ 62 58 1·18 (0·94–1·49) 54·8 50·0 1·31 (1·18–1·44) NA NA NA NA

C=cyclophosphamide. E=epirubicin. F=fluorouracil. M=methotrexate. NA=not assessed. *Relapse-free survival. †5-year reduction in death 23% in MA5 study, 25% in FASG study, and 11% for EC100 vs CMF and 27% for EC100 vs
EC60 in Belgian study. ‡10-year reduction in death 10% for MA5 study and 10% for FASG study.

Table 4: Activity outcomes for escalated-dose epirubicin regimens
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was applied to adjust for baseline characteristics, the
risk ratio was 0·74 (p=0·01) for recurrence and 0·69
(p=0·013) for death. 

The dose-dense regimen most commonly used in
clinical practice combines four cycles of AC60 followed by
four cycles of 175 mg/m2 paclitaxel infused over 3 h given
every 2 weeks with filgrastim. Differences between the
combined dose-dense group and standard-dose groups
might have been overemphasised in this trial because of
the 2�2 factorial design, which combined the outcomes
of all four groups, including the less effective, non-
standard 3-weekly sequential group, with the group given
3-weekly doxorubicin and cyclophosphamide followed by
paclitaxel. Furthermore, sufficient follow-up has not yet
been reached for this study, and further follow-up is
needed to establish whether the 20% proportional
reduction in death rate at 3 years is maintained at 5 years.

Indirect comparisons across heterogeneous
populations should be made with caution. However,
they can be helpful in the absence of direct randomised
comparisons. Of the two regimens that show
significant 5-year reductions in mortality compared
with oral CMF or doxorubicin and cyclophosphamide,
the greatest proportional reduction was noted for the
CEF regimen (23%). The AC60 followed by 175 mg/m2

paclitaxel regimen showed a 13% reduction in the
death rate. Six cycles of a standard-dose anthracycline
regimen has been proven to be more effective than
CMF (yearly deaths from breast cancer decreased by
38% for women aged younger than 50 years and
by 20% for women aged 50 years or older).1 Of the two
regimens compared with six-cycles of a standard-dose
anthracycline, the TAC regimen resulted in the
greatest proportional reduction in survival (32%); the
FEC100 regimen showed a reduction of 25%. Thus, on
the basis of survival outcomes alone, the TAC regimen
and the FEC100 regimen would be recommended for
adjuvant treatment of node-positive breast cancer.

Subgroup analyses of patients 
The identification of factors that predict response
might be helpful in establishing patients who might
benefit more from a given treatment. 

Oestrogen-receptor status
Exploratory subgroup analyses based on hormone-
receptor status38 detected a smaller treatment effect for
anthracycline–taxane regimens in patients with disease
that was oestrogen-receptor positive compared with
those with tumours that were oestrogen-receptor
negative. Similar effects were shown with standard-
dose anthracycline treatments.37 On the basis of these
findings, some have questioned whether a differential
treatment strategy should be developed for women
with tumours that are oestrogen-receptor positive. 

Data from the most recent EBCTCG meta-analysis1

showed a strong benefit for adjuvant polychemo-
therapy in women with tumours that are oestrogen-
receptor positive. The study showed that although the
5-year probability of recurrence for disease that is
oestrogen-receptor positive (net gain women �50 years
7·6% and women 50–69 years 4·8%) is about half of
that of disease that is oestrogen-receptor negative
(13·2% and 9·6%, respectively) the treatment effect in
this subgroup of patients remained highly significant
(2p�0·0001) for women of all ages. The MA515,16 and
BCIRG00121 studies were designed prospectively to
detect an interaction between treatment effect and
hormone-receptor status. Findings from both studies
showed no interaction between treatment and
hormone-receptor status and strong treatment effects
in patients with tumours that are oestrogen-receptor
positive and oestrogen-receptor negative. However, the
larger effects of chemotherapy seen in younger,
premenopausal women with tumours that are
oestrogen-receptor positive of the MA5 trial might be
the result of the combination of direct cytotoxic effects

CALGB 934411 NSABP B2820 CALGB 974123 BCIRG00121

AC60–90 AC60–90 �2 hazard AC followed AC Relative risk Dose-dense AC Standard-dose Adjusted TAC FAC Hazard ratio 
then P175 (n=1560) reduction, p by P225 (n=1529) (95% CI) then P (n=988) AC then P  relative risk, p (n=744) (n=736) (95% CI)
(n=1560) (n=1531) (n=985)

Relative dose NA NA NA NA NA NA NA NR NR 0·99 (median) 0·98 (median) NA
intensity (mean %)
Follow-up 69 69 NA 65 65 NA 36 36 NA 55 55 NA
(median, months)
Disease-free survival 

3-year (%, 95% CI) NA NA NA NA NA NA 82 (80·7–83·3) 75 (73·7–76·2) 0·74, 0·01 NA NA NA
5-year (%) 70 65 17%, 0·0023 76 72 0·83 (0·72–0·95) NA NA NA 75* 68* 0·72 (0·59–0·88)

Overall survival
3-year NA NA NA NA NA NA 92 (91·7–92·3) 90 (89·6–90·4) 0·69, 0·013 NA NA NA
(%, 95% CI)†
5-year (%)‡ 80 77 18%, 0·0064 85 85 0·93 (0·78–1·12) NA NA NA 87* 81* 0·70 (0·53–0·91)

A=doxorubicin. C=cyclophosphamide. P=paclitaxel. T=docetaxel. F=fluorouracil. NA=not assessed. *Estimated 5-year disease-free survival and overall survival. †3-year reduction in death 20% for CALGB 9741 study. ‡5-year reduction
in death 13% for CALGB 9344 study, 0 for NSABP B28 study, and 32% for BCIRG001 study.

Table 5: Activity outcomes for anthracycline–taxane regimens
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and the endocrine effects of ovarian ablation. On the
basis of available prospective evidence, adjuvant
polychemotherapy should be recommended for
patients with tumours that are either oestrogen-
receptor positive and oestrogen-receptor negative. 

Nodal status
Three studies undertook exploratory subgroup anal-
yses of nodal status (FASG,17,18 Belgian,14 and CALGB
934411), and two studies (MA515,16 and BCIRG00121) were
designed prospectively to detect an association
between treatment and nodal status. Patients with one
to three positive lymph nodes had less of an advantage
with regard to disease-free survival when treated with
the FEC100 regimen and the CEF regimen, compared
with patients with more than three positive lymph
nodes. The latter group had much the same
diminished effect when treated with the TAC regimen;
however, no interactions between treatment and nodal
status were detected. Therefore, all the experimental
regimens would be regarded as a good choice for
patients whose tumours are node positive or node
negative.

ERBB2 status
Most of the studies reviewed did not analyse subgroups
by ERBB2 status. A retrospective review of the MA5
data33 assessing the association between treatment
effect and ERBB2 status showed a non-significant
benefit for the CEF regimen compared with the oral
CMF regimen in patients who were ERBB2 positive
(hazard ratio 1·54, p=0·06) compared with patients
who tested negative (1·07, p=0·61), but further
prospective studies are needed to confirm these
findings. The prospectively designed subgroup
analysis of the BCIRG00121 study showed a strong
treatment effect for the TAC regimen compared with
that of FAC in tumours that were ERBB2 positive
(0·60, p=0·0088) and those that were ERBB2 negative
(0·76, p=0·046). To date, there is insufficient evidence
to suggest that patients who are ERBB2 positive might
benefit more from one treatment than another;
although data is available that lends support to the use
of the TAC regimen in this subset of patients.

Outcome of toxic effects
Secondary to improved survival, keeping toxic effects
to a minimum is an important consideration in the
selection of an adjuvant treatment for node-positive
breast cancer. Table 6 shows data for toxic effects for
all positive studies of escalated-dose epirubicin and
anthracycline–taxane regimens.11,14–18,20,21,23

Febrile neutropenia and infection
Haematological toxic effects, mostly in the form of
neutropenia, are common to all regimens, with the
exception of the dose-dense doxorubicin and cyclo-

phosphamide followed by paclitaxel, which incorporated
prophylactic use of filgrastim. Febrile neutropenia is a
severe and costly side-effect that can result in infection
and sometimes death. Some reporting on febrile
neutropenia or infection was available for all trials. Rates
of febrile neutropenia needing admission to hospital
ranged from 9% for the CEF regimen to 3% for the
paclitaxel portion of the AC60 followed by 225-mg/m2

paclitaxel regimen (table 6). The frequency of any type of
febrile neutropenia was 25% for the TAC regimen,
although non-specific infection was low (4%). Non-
specific infection was also low for the FEC100 regimen
(3%), the EC100 regimen (1%), and the combined dose-
dense doxorubicin and cyclophosphamide followed by
paclitaxel regimen (4%). The number of patients
needing antibiotic treatment for infection was high for
those receiving AC60 (17%) and the paclitaxel portions
(11%) of the AC60 followed by 175 mg/m2 paclitaxel
regimen.11 With the use of prophylactic filgrastim,
reported febrile neutropenia needing admission to
hospital (3%) and resulting severe infection (4%) was
low for both the standard and dose-dense groups of the
CALGB 9741 study.23

Cardiotoxicity
This toxic effect is of particular concern in the adjuvant
setting because of the expected long-term survival of
women with early breast cancer. Cardiotoxicity
increases with dose for anthracyclines,39 and the combi-
nation of doxorubicin and paclitaxel has been shown to
increase cardiotoxicity.40 All studies11,14–18,20,21,23 reported
congestive heart failure or severe cardiotoxicity. At
5 years, the combined results of the three 60–90 mg/m2

doxorubicin groups followed by paclitaxel produced the
greatest congestive heart failure in 2·1% of patients
either during active protocol treatment or on follow-up
after treatment. Between 0 and 1·6%  of patients
receiving the CEF regimen, the EC100 regimen, the
FEC100 regimen, or the TAC regimen had coronary
heart failure within 5 years (table 6). The CALGB 974123

and NSABP B2820 studies reported severe cardiotoxicity
only, which ranged from 1·6% for the dose-dense
doxorubicin and cyclophosphamide followed by
paclitaxel groups to 1·0% for the AC60 followed by
225 mg/m2 paclitaxel regimen. Long-term follow-up for
cardiotoxicity was available for the MA515,16 and
FASG17,18,41 studies only. In both studies, further cases of
congestive heart failure were reported after the initial
reports (two patients receiving FEC100 and four patients
CEF), and cardiotoxicity was also seen in both the
FEC100 regimen and the FEC50 regimen of the FASG
study after relapse.

Secondary leukaemia
Leukaemia and myelodysplastic syndrome can be
serious and fatal outcomes of adjuvant chemotherapy.
The conditional probability of secondary leukaemia
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associated with adjuvant escalated-dose epirubicin
regimens is greater (1·7%) than that associated with
standard-dose anthracycline (1·3%) or CMF (0·4%)
regimens,42 and the cumulative probability of
the development of acute leukaemia is greater for
epirubicin-based regimens than for non-epirubicin
based regimens.43 Data from the MA515,16 and Belgian14

trials showed similar findings (table 6). With more than
110 months’ follow-up, the CEF regimen was associated
with a greater risk of the development of acute
leukaemia (1·4%) compared with the CMF regimen
(0·3%). At 5 years, EC100 group of the Belgian study
had a significantly (p�0·05) increased incidence of
acute leukaemia compared with the oral CMF and the
EC60 groups. However, at 10 years, the frequency of
acute leukaemia seen in both the FEC100 (0·4%) group
and the FEC50 group (0·4%) of the FASG study17,18 were
unusually low.

No large retrospective reviews have reported
the incidence of acute leukaemia with the combi-
nation of an anthracycline and a taxane. In two
anthracycline–taxane studies20,21 the addition of a taxane
resulted in a slight increase in the rate of leukaemia at
5 years: two (0·27%) patients treated with TAC21 and
one patient (0·14%) in the FAC group developed acute
leukaemia. In the NSABP B28,20 the addition of
paclitaxel to doxorubicin and cyclophosphamide re-
sulted in an increased number of patients with acute
myeloid leukaemia or myelodysplastic syndrome
(0·39%) compared with doxorubicin and cyclophos-
phamide alone (0·13%). The number of patients who
developed acute leukaemia or myelodysplastic syn-
drome were much the same between the AC60 followed

by 175 mg/m2 paclitaxel group (0·51%) and the AC60
alone group (0·58%) in the CALGB 9344 study.11

The cumulative incidence of acute leukaemia or
myelodysplastic syndrome was greater in the doxoru-
bicin and cyclophosphamide regimens that used two to
four cycles of an intensified dose of cyclophosphamide
needing filgrastim support, compared with standard
doxorubicin and cyclophosphamide regimens.44 The
incidence of acute myelogenous leukaemia or
myelodysplastic syndrome was slightly higher in the
combined dose-dense doxorubicin and cyclophospha-
mide followed by paclitaxel group (0·61%) than in the
standard-dose doxorubicin and cyclophosphamide
followed by paclitaxel (0·51%) group of the CALBB
974123 study at 3 years. However, the follow-up for this
study was short and the rate of acute myelogenous
leukaemia or myelodysplastic syndrome might have
changed with longer follow-up.

Acute non-haematological toxic effects
Antiemetic prophylaxis was not mandated by any of the
protocols. The escalated-dose epirubicin regimens14–18

were associated with increased nausea and vomiting
compared with the oral CMF regimen and standard-
dose anthracycline regimens. The sequential anthra-
cycline–taxane regimens11,20,23 reported comparable
rates of severe nausea and vomiting compared with
controls and the anthracycline–taxane combination
regimen, TAC21 reported significant increases in both
nausea and vomiting compared with the FAC regimen. 

Escalated-dose epirubicin regimens14–18 were assoc-
iated with increased stomatitis. Addition of paclitaxel
to doxorubicin and cyclophosphamide increased the

MA515,16 FASG17,18 Belgian study14 CALGB 934411 NSABP B2820 CALGB 974123 BCIRG00121

Oral CEF Oral CMF FEC100 FEC60 EC100 CMF EC60 AC60–90 AC60–90 AC then AC Dose-dense Standard-dose TAC FAC
then P175* P225 AC then P AC then P

Neutropenia 98† 78† 25 11 NA NA NA 16† 62 NA NA 6† 33† 66 49
Febrile neutropenia 9 1 NA NA NA NA NA NA NA 3‡ 0 3§ 3§ 25 3
Infection NA NA 3 0 1 1 1 11¶ 17¶ NA NA 4 4 4 2
Red-blood cell transfusion NA NA NA NA NA NA NA NA NA NA NA 13 0 5 2
Asthenia NA NA NA NA 7 3 3 NA NA NA NA NA NA 11 6
Nausea 13 3 35|| 23|| 27 8 25 3** 32**†† NA NA 8 7 5 10
Vomiting 42** 18 35|| 23|| NA NA NA 1** 27** NA NA 5 6 4 7
Diarrhoea 1 2 NA NA NA NA NA NA NA NA NA 2 2 4 2
Stomatitis 12 2 4 0 NA NA NA 1** 10** NA NA 2 2 7 2
Hypersensitivity NA NA NA NA NA NA NA 6‡‡ 0 1 NA NA NA 1·3 0·1
Arthralgia or myalgia NA NA NA NA NA NA NA NA NA 12 NA 5 5 0·8 0
Neurotoxicity NA NA NA NA NA NA NA 18§§ 0 18 total NA 4 sensory, 5 sensory, 0 0

(15 sensory, 1 motor 1 motor
7 motor)

5-year congestive 0·0 0·3 0·37 0·0 1·2 0·0 0·4 2·1 1·7 1·0¶¶ 0·9¶¶ 1·6¶¶ 3·2¶¶ 1·6 0·7
heart failure  (%)
5-year total acute 1·42 0·28 0·31 0·36 1·2 0 0 0·51 0·58 0·39 0·13 0·51 0·61 0·27 0·14
leukaemia (%)

Data are % of patients. C=cyclophosphamide. E=epirubicin. F=fluorouracil. M=methotrexate. A=doxorubicin. P=paclitaxel. T=docetaxel. NA=not assessed. *Rates for paclitaxel portion of treatment only. †Granulocytopenia. ‡AC
and P rates combined. §Admission to hospital because of febrile neutropenia.  ¶Infection requiring antibiotics. ||Nausea and vomiting combined. **Grade 2–4. ††AC60 group. ‡‡Any death. §§One paralysis. ¶¶Grade 3–4 cardiac
abnormalities. 

Table 6: Grade 3–4 toxic effects for escalated-dose epirubicin and anthracycline–taxane regimens
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incidence of severe hypersensitivity, arthralgia, neuro-
toxicity, and myalgia and TAC was associated
with increases in severe asthenia, stomatitis, and
diarrhoea. 

Treatment costs 
The cost of giving a regimen can be an important
factor in treatment selection, especially when two
regimens have comparable activity and safety. Table 7
summarises the costs associated with administration,
aquisition of chemotherapy drugs, and of supportive-
care costs. The chemotherapy acquisition and protocol-
driven supportive-care costs varied by regimen. Actual
Canadian prices as of July, 2005, were used in all cost
calculations and converted into US dollars using an
exchange rate of CDN$1=US$0·80334. Based on costs
of chemotherapy acquisition alone, the TAC regimen
was the most costly (USD$6825) and the FEC100
regimen was the least expensive ($3162).

The cost of a regimen in human resources corres-
ponds directly to the complexity of the protocol.
Administration costs were calculated by multiplying a
regimen’s individual complexity factor, as cited on the
Cancer Care Ontario website,45 by a standard wage per
minute, including benefits for nursing or pharmacy
care ($0·64 per min), and the total number of cycles
given. The FEC100 regimen incurred the lowest
administration costs ($216), followed by the
doxorubicin and cyclophosphamide then paclitaxel
regimen ($221), the TAC regimen ($239), and the CEF
regimen ($347). 

Supportive-care costs were divided into two cate-
gories: protocol-driven costs and incidental costs.
Protocol-driven supportive-care costs are prescribed by
the study protocol, whereas incidental supportive-care
costs arise as a result of a treatment complication.
Associated costs were calculated on the basis of
protocol variables by use of Canadian pricing dated
July, 2005, and converted into US dollars. The cost
attributed to incidental use of filgrastim was estimated
by multiplying the cost of one cycle of filgrastim by the
rate of febrile neutropenia and two-thirds the total
number of associated-regimen cycles. The dose-dense
doxorubicin and cyclophosphamide followed by
175 mg/m2 paclitaxel regimen incurred the greatest
protocol-driven supportive-care costs ($7400), and the
TAC regimen had the greatest incidental supportive-
care costs ($1110). 

Cost of total treatment was calculated by the addition
of total cost of chemotherapy acquisition, protocol-
driven and incidental-driven supportive care, and
administration. Overall, FEC100 incurred the lowest
cost for total treatment ($3557), followed by AC60 then
175 mg/m2 paclitaxel ($4340), CEF ($4852), AC60
followed by 225 mg/m2 paclitaxel ($5665), TAC
($8266), and dose-dense doxorubicin and cyclophos-
phamide followed by 175 mg/m2 paclitaxel ($11 741).

Patient convenience 
The convenience of a regimen is an important factor in
treatment selection for patients who live at a distance,
or have less flexible schedules or fewer support

FEC100 Oral CEF TAC AC60 then P175 AC60 then P225 Dose dense AC then P175

Supportive care or ·· Cotrimoxazole or 8 mg dexamethasone, 20 mg dexamethasone, 20 mg dexamethasone 20 mg dexamethasone 
premedication dosing ciprofloxacin, four twice a  day for 3 days for two cycles; 50 mg for two cycles; 50 mg for two cycles; 50 mg 
and scheduling tablets per day or for six cycles; ranitidine; and 50 mg ranitidine; and 50 mg ranitidine; and 50 mg 

two tablets per day 500 mg, ciprofloxacin diphenhydramine diphenhydramine diphenhydramine for 
for 6 months twice a day from for four cycles for four cycles four cycles, and 

days 5 to 15 300–480 �/kg filgrastim 
per cycle for eight cycles

Administration cost $216 $347 $239 $221 $221 $221
per treatment 
Chemotherapy acquisition $3162 $3860 $6825 $4072 $5185 $4072
cost per treatment 
Protocol-driven supportive ·· $159 $92 $11 $11 $7412
drug cost per treatment
Incidental supportive-care $179 $486 $1110 $36 $248 $36
cost per treatment 
Monthly clinic visits 1·3 2 1·3 1·3 1·3 2
Overall clinic visits 6 12 6 8 8 8
Total time on treatment 4·5 6 4·5 6 6 4
(months)
Total chair time (h) 9·0 5·4 14·0 21·6 21·6 21·6

Costs based on Medbuy pricing and calculated in US$ at exchange rate of CDN$1=USD$0·80334 on July 4, 2005, by use of a body surface area of 1·6 m2. F=fluorouracil. E=epirubicin.
C=cyclophosphamide. T=docetaxel. A=doxorubicin. P=Paclitaxel. Doxorubicin=$0·47/mg. Cyclophosphamide=$0·01/mg. Intravenous cyclophosphamide (800–960 mg)=0·5 h.
Intravenous dexamethasone=$0·04/mg. Oral dexamethasone=$0·21/mg. Diphenhydramine=$0·01/mg. 80 mg doxorubicin=0·33 h. 96 mg doxorubicin=0·4 h. Epirubicin=$4·00/mg,
160 mg epirubicin=0·25 h. 96-mg epirubicin=0·2 h. Fluorouracil=$0·01/mg. 800 mg fluorouracil=0·25 h. 300 �g filgrastim= $181·04. 280 mg paclitaxel=3 h. 360 mg paclitaxel=3 h.
Paclitaxel=$4·33/mg. Prehydration cyclophosphamide=0·5 h. Premedication infusion paclitaxel=1 h. Premedication infusion docetaxel=0 h. Ranitidine=$0·04/mg.
Cotrimoxazole=$0·05/tablet. Docetaxel=$11·42/mg.

Table 7: Treatment costs and summary of convenience to patients of selected regimens
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networks. The total number of monthly clinic visits,
overall clinic visits, total time on treatment, and total
time in treatment were selected as measures of
convenience to patients (table 7). 

The FEC100 regimen, the TAC regimen, the AC60
followed by 175 mg/m2 paclitaxel regimen, and the
AC60 followed by 225 mg/m2 paclitaxel regimen
needed fewer monthly clinic visits (1·3 visits per
month) than did the CEF regimen and the dose-dense
doxorubicin and cyclophosphamide followed by
175 mg/m2 paclitaxel regimen (two visits per month).
The FEC100 regimen and the TAC regimen needed
fewer overall clinic visits compared with the three
doxorubicin and cyclophosphamide followed by
paclitaxel regimens  and the CEF regimen (table 7).
The dose-dense doxorubicin and cyclophosphamide
followed by 175 mg/m2 paclitaxel regimen involved the
shortest time on treatment, followed by the FEC100
regimen and the TAC regimen, and the CEF regimen,
the AC60 followed by 175 mg/m2 paclitaxel regimen,
and the AC60 followed by 225 mg/m2 paclitaxel
regimen (table 7). Total time spent in treatment was
calculated by the sum of the time needed for hydration
before and after treatment, the administration of the

premedication, supportive care, and chemotherapeutic
agents, and multiplying that by the total number of
cycles given. The CEF regimen needed the least
amount of time in treatment, followed by the FEC100
regimen, the TAC regimen, the AC60 followed by
175 mg/m2 paclitaxel regimen, the AC60 followed
by 225 mg/m2 paclitaxel  regimen, and the dose-dense
doxorubicin and cyclophosphamide followed by
175 mg/m2 paclitaxel regimen (table 7). 

Conclusion
We set out to establish which chemotherapy regimens
provided the best outcomes in terms of safety, efficacy,
cost, and convenience for adjuvant treatment of node-
positive breast cancer. Of the categories being used,
level-one evidence is available for the escalated-dose
epirubicin and anthracycline–taxane containing
categories. Based on survival alone, the TAC regimen
and the FEC100  regimen resulted in the greatest
proportional reductions in mortality. Severe febrile
neutropenia or severe infection, non-haematological
toxic effects, cardiotoxicity, and secondary leukaemia
occurred with all regimens, although the magnitude of
the toxic effects varied by regimen. When total
treatment costs were taken into account, the FEC100
regimen and the AC60 followed by 175 mg/m2

paclitaxel regimen were the least expensive, whereas
the FEC100 regimen and the TAC regimens were more
convenient to patients. When all factors are
considered, the TAC regimen, the FEC100 regimen
and the CEF regimen seem to be the best available
treatment options. However, choice of adjuvant
chemotherapy regimen is often made on the basis of
physician training, or patient preference and infor-
mation derived from media or internet sources.
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