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Adjuvant chemotherapy of breast cancer
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Summary

Breast cancer is the most common cancer and the sec-
ond most common cause of cancer-related death in women. 
The last three decades have yielded marked progress in the 
diagnosis and management of breast cancer. Not only is the 
disease being detected at a much earlier stage, but the ad-
dition of systemic therapy has also improved survival. Cy-
clophosphamide (C), methotrexate (M) and 5-fluorouracil 
(F) (CMF) combination chemotherapy was among the first 
chemotherapy regimens found to prolong both disease-free 
survival (DFS) and overall survival (OS) when given in the 
adjuvant setting. The 2000 Oxford overview confirmed that 
anthracycline-based chemotherapy offers a survival advan-
tage compared with CMF. Anthracycline-based therapies 
are better tolerated in terms of acute side effects but long-

term sequels (cardiotoxicity, secondary leukaemia) are wor-
risome. It seems that more intensive three-drug regimens 
(FE[epirubicin]100C, CEF, CA[adriamycin]F,) or the com-
bination of  E+CMF are more active in reducing the risk of 
relapse and death in breast cancer patients. The reported 
trials with taxanes demonstrated comparable reduction in 
the risk of recurrence and death, although administration 
of paclitaxel (T)-containing regimens appears to be most 
effective if administered on an every-2-week schedule with 
granulocyte colony-stimulating factor (G-CSF). The risk of 
febrile neutropenia is highest for the TAC regimen (~25%), 
although other trials have demonstrated that use of G-CSF 
will reduce this complication to about 3%. 
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Breast cancer is the most common cancer and the 
second most common cause of cancer-related death in 
women. The last three decades have yielded marked 
progress in the diagnosis and management of breast 
cancer. Not only is the disease being detected at a 
much earlier stage, but the addition of systemic thera-
py has also improved survival [1]. At diagnosis, many 
women with primary breast cancer already have dis-

tant micrometastases. With time, most of these women 
will progress to overt metastatic disease, even after 
surgery and radiotherapy. Systemic adjuvant therapy 
for early-stage breast cancer is thus used to prevent 
or delay disease progression and offers the prospect 
of cure by eliminating micrometastases.

CMF combination chemotherapy was among 
the first chemotherapy regimens found to prolong 
both DFS and OS when given in the adjuvant setting 
[2,3]. CMF given beyond 6 months did not reduce 
mortality or relapse rate, and there was little differ-
ence in the results between patients receiving CMF 
of 3 to 6-month duration. The many versions of CMF 
therapy, including those entailing oral or intravenous 
drug administration, appear generally equal, but it is 
quite possible that oral CMF could be superior, as 
suggested in studies of metastatic disease [4,5].

The 2000 Oxford overview [6] confirms the 1995 
data that anthracycline(A)-based chemotherapy offers 
a survival advantage compared with CMF. A-based 
therapies are better tolerated in terms of acute side 
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effects [7], but long-term sequels (cardiotoxicity, sec-
ondary leukaemia) are worrisome [8,9]. To evaluate 
which A-based treatment is the best for use in stan-
dard clinical practice, the better approach could be an 
analysis of one-to-one comparison between A-based 
regimens and CMF. It seems that the more intensive 
three-drug A-based regimens (FE100C, CEF, CAF) 
[10-12] or the combination of E+CMF [13] are more 
active in reducing the risk of relapse and death in 
breast cancer patients than CMF. Nevertheless, CMF 
remains a valid option for selected groups of patients 
(elderly, cardiac dysfunction, node-negative, hormone 
receptor-positive, HER2-negative).

Dose-escalating regimens have been used to 
increase efficacy and prevent resistance to some 
chemotherapeutic agents. NSABP 22 and 25 trials 
indicate that cyclophosphamide doses > 600 mg/m2 
do not improve DFS or OS but do significantly in-
crease toxicity [14,15]. Doses of doxorubicin > 60 
mg/m2 have shown no clear benefit and are not recom-
mended outside of clinical trials [16]. Epirubicin has 
structural differences compared with doxorubicin and 
consequently different safety profile. Larger doses of 
epirubicin are required to produce the same degree of 
toxicity as doxorubicin. 

Dose-dense treatment emphasizes manipula-
tion of dose schedule by decreasing the time interval 
between cycles rather than dose level. The Cancer 
and Leukemia Group B (CALGB) clinical study 
9741 (Intergroup C9741) [17] posed two questions: 
is combination chemotherapy superior to a sequence 
of single agents, and is dose density important? The 
first question was addressed by comparing the stan-
dard doxorubicin and cyclophosphamide combination 
(AC) followed by paclitaxel against the sequential 
administration of doxorubicin, then paclitaxel, then 
cyclophosphamide. All patients received 4 courses 
of these 3 agents (doxorubicin 60 mg/m2, cyclophos-
phamide 600 mg/m2, and paclitaxel 175 mg/m2). 
The comparison revealed no significant differences 
between the 2 protocols. To determine the impact of 
dose density, the same patients were also randomized 
to receive their chemotherapy using 2- or 3-week in-
tervals. The 2-week interval required growth factor 
support (filgrastim), whereas filgrastim was admin-
istered as needed in the every-third-week arm. Treat-
ment using the 2-week interval was associated with 
improved DFS and OS, reduced rate of neutropenic 
fever (no doubt attributable to the growth factor sup-
port), and was of course one third shorter. Hence, a 
shorter, safer treatment was associated with improved 
disease-specific outcomes. This study was recently 
published [18] and a protocol-specified analysis was 

performed at a median follow-up of 36 months: 315 
patients had experienced relapse or died, compared 
with 515 expected treatment failures. Dose-dense 

treatment improved the primary endpoint, DFS (risk 
ratio [RR] = 0.74; p=0.010), and OS (RR = 0.69; 
p=0.013). Four-year DFS was 82% for the dose-dense 
regimens and 75% for the others. There was no dif-
ference in either DFS or OS between the concurrent 
and sequential schedules. There was no interaction 
between density and sequence. Severe neutropenia 
was less frequent in patients who received the dose-
dense regimens with the conclusion that dose density 
improves clinical outcomes significantly, despite the 
lower than expected number of events at this time. 
Sequential chemotherapy was as effective as concur-
rent chemotherapy. 

This trial was correctly designed and performed 
but there is still a number of questions to be answered: 
we will have to wait for the data regarding long-term 
efficacy and toxicity; the trial did not have enough 
power to make an individual comparison between the 
4 arms and is missing prospective stratification for 
estrogen receptor (ER) status. Finally, lacking are data 
regarding quality of life as well as cost/benefit ratio. 

The use of high-dose chemotherapy is based on 
the hypothesis that high doses will overcome drug re-
sistance, eradicate metastatic disease, and increase the 
proportion of women who are cured. According to the 
results from several randomized clinical studes [19-
22], high-dose therapy cannot be considered standard 
for adjuvant therapy in any known group of women 
with high risk of relapse and has to be offered to the 
patients only in a clinical trial setting. Further studies 
and longer follow-up are awaited before any recom-
mendations regarding the role of high-dose therapy 
can be established.

In recent years, the taxanes have been investigat-
ed in several trials of adjuvant therapy of women with 
node-positive breast cancer. The two major trials in 
which paclitaxel was used (NSABP B28 and CALGB-
9344) provided evidence about the role of taxanes in 
adjuvant therapy [23,24]. In the CALGB 9344 trial, 
patients with node-positive disease were randomized 
to receive either 4 cycles of doxorubicin and cyclo-
phosphamide (AC) or the same regimen followed by 
4 cycles of paclitaxel. The patients were randomized 
in 3 dose levels of doxorubicin. The majority of the 
enrolled patients (94%) had ER-positive tumors and 
received tamoxifen following completion of chemo-
therapy. While the dose of doxorubicin did not have 
an impact on outcome, in the published article at a 
median follow-up of 69 months [25] the group of pa-
tients treated with paclitaxel have had significantly 
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greater 5-year DFS (70 versus 65%; p=0.0023) and OS 
(80 versus 77%; p=0.0064). The addition of paclitaxel 
yielded a statistically significant reduction in the risk 
of reccurence and death of 17% and 18%, respectively. 
An unplanned subgroup analysis showed that the pa-
clitaxel arm was more affecting the reduction of the 
risk of relapse in patients with ER-negative tumors. 
The additional toxicity deriving from the sequential 
use of paclitaxel was generally modest.

In the NSABP B28 trial [24], 3059 patients 
with node-positive disease were randomized to re-
ceive 4 cycles of doxorubicin and cyclophosphamide 
(AC), or the same regimen followed by 4 cycles of 
paclitaxel at a dose of 225 mg/m2. Tamoxifen was 
administered to all patients aged > 50 years, as well 
as to younger women with ER-positive disease. The 
patients of this study represented a better risk group 
compared with the CALGB study in terms of number 
of positive nodes and hormone receptor positivity. The 
initial analysis of the NSABP B28 trial showed no 
difference in outcome between patients treated with 
AC alone and those treated with AC and paclitaxel 
[25]. A more recent update at a median follow-up of 
64 months showed that patients receiving paclitaxel 
had a statistically significant reduction in the risk of 
relapse but they did not have statistically significant 
reduction in the risk of death [26]. 

The absolute benefit of adding paclitaxel in the 
adjuvant treatment of breast cancer remains uncertain, 
mainly due to the control regimen used in both trials 
which seems to be suboptimal. Patients in the control 
arms in both of these trials received only 4 cycles of 
treatment compared with 8 received in the experimen-
tal arm. Four cycles of AC have been shown to be 
equivalent to, but not more effective than 6 cycles of 
CMF, as mentioned above. Three-drug anthracycline-
containing combinations administered for 6 or more 
cycles have been shown to be superior to 6 cycles of 
CMF [10-12]. 

The first large trial that evaluated the use of 
docetaxel in the adjuvant setting was reported by 
Nabholtz et al. (Breast Cancer International Research 
Group - BCIRG 001) [27]. They compared 6 cycles 
of standard 5-fluorouracil, doxorubicin, and cyclo-
phosphamide (FAC) chemotherapy (500, 50, and 500 
mg/m2, respectively, every 3 weeks) versus docetaxel, 
doxorubicin, and cyclophosphamide (TAC) (75, 50, 
and 500 mg/m2, respectively, every 3 weeks). This 
study provided evidence that docetaxel may have an 
important role when used as a component of adjuvant 
therapy for patients with high-risk operable or locally 
advanced breast cancer. There were 3 important points 
that might limit the application of the TAC regimen. 

First, the febrile neutropenia rate was very high (24%), 
suggesting that patients may need to be selected care-
fully for this regimen. Second, surprisingly TAC was 
found not to be beneficial in patients at highest risk 
(>3 positive nodes), a group in which clinicians would 
most likely accept a higher toxicity rate if the treatment 
was more effective. Finally, the trial did not include 
patients older than 70 years. On the other hand, there 
was clear benefit when this docetaxel-based regimen 
was used in patients with ER and/or PR-positive dis-
ease, which was not the case when paclitaxel was used 
sequentially following doxorubicin-cyclophosphamide 
in such patients. All these considered, however, this 
study suggests that TAC may be a reasonable alter-
native for the group that demonstrated clear benefit: 
relatively young women with 1-3 positive axillary 
nodes, irrespective of hormone receptor status. 

On the latest San Antonio Breast Cancer Meeting, 
Mackey and colleagues from the BCIRG reported an 
update of the BCIRG 001 trial [28]. This report repre-
sents an update with 55 months median follow-up at a 
second interim analysis preplanned to occur after 400 
events, compared with 33 months at the first interim 
analysis performed after about 300 recurrences; in the 
current analysis, 92% of patients have been followed for 
at least 4 years. The results were compared with those of 
the first interim analysis (Table 1). In the first analysis, 
TAC was associated with a significant reduction in the 
risk of recurrence but not death (p=0.11, log rank test), 
although the risk of death was significantly reduced in 
a preplanned Cox proportional hazard model adjusted 
for baseline prognostic factors. In the updated analysis, 
TAC was now associated with a significant reduction 
in the risk of both recurrence and death (log rank test). 
In a Cox analysis adjusted for prognostic factors, TAC 
was again associated with a significant improvement 
in DFS (hazard ratio for recurrence 0.72; p=0.0010) 
and OS (hazard ratio for death 0.70; p=0.008), a find-
ing that is nearly identical to that of the initial report. 
Also similar to the original report, subgroup analysis 
revealed benefit for the TAC arm in patients with 1-3 
positive axillary nodes, hormone receptor-positive or 
negative disease, and HER2/neu-positive or negative 
disease, but not in patients with 4 or more positive 
axillary nodes; the latter group comprised 568 patients, 
and the lack of benefit for this group remains somewhat 
surprising. However, the study is not powered to ad-
dress the difference in the 4+ node subgroup until the 
final analysis is planned after 580 events.

This report confirms that TAC chemotherapy 
may be a reasonable treatment option for patients with 
operable node-positive breast cancer. The results re-
ported for BCIRG 001 are contrasted with results from 
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3 other phase III trials that have evaluated taxane-con-
taining therapy for node-positive breast cancer (Table 
2). All trials demonstrate comparable reduction in the 
risk of recurrence and death, although administration 
of the paclitaxel-containing regimens appears to be 
most effective if administered on an every 2-week 
schedule with G-CSF. The risk of febrile neutropenia 
is highest for the TAC regimen (~25%), although other 
trials have demonstrated that use of G-CSF will reduce 
this complication to about 3%.

Finally, there are about 24000 women who are 
enrolled in clinical trials, which will give us the answers 
regarding the optimal use of taxanes in the adjuvant 
setting. 

The successful introduction of trastuzumab, a re-
combinant humanized monoclonal antibody directed 
to the HER2 protein [29-31] has led to the design of 
trials studying the use of trastuzumab in the adjuvant 
setting. There are many prospective clinical studies 
that will investigate the possible role of trastuzumab 
in different combinations with cytotoxic drugs. There 
are many open questions: cardiotoxicity, confirmation 

of the preclinically proven activity with some drugs 
which are not so active in breast cancer (platinum), 
duration of therapy and the future role of the every 3 
weeks administration. Additionally, analysis of ret-
rospective data suggests that HER2 overexpressing 
tumors may be particularly sensitive to anthracyclines 
and anthracycline dose intensity, and less responsive 
to CMF. There is no doubt that HER2 overexpress-
ing tumors are associated with a worse prognosis and 
more aggressive course but the predictive value of this 
receptor still has to be answered.

Conclusion

A large number of questions remains and some 
answers will hopefully appear over the next few years 
regarding the best use of adjuvant chemotherapy in 
breast cancer patients. These issues include the role of 
taxanes in the adjuvant therapy, the possible benefits 
of a dose-dense schedule of agents, the maturation of 
studies of high-dose chemotherapy and the determina-
tion of a possible benefit with the use of trastuzumab 
in the adjuvant setting.

Future generations of clinical trials will high-
light the need to optimize the integration of traditional 
breast cancer therapies with new-targeted strategies. 
Improved individualization of adjuvant therapy based 
on the identification of new and reliable predictive 
markers is our best hope for enhancing cure rates in 
the next decade.

The treatment planning for all patients with breast 
cancer has to be multidisciplinary (Breast Care Unit) 
and has to offer participation in clinical trials to patients 
who are very well informed about their disease.

Table 1. Comparison of first and second interim analyses – BCIRG 
001 [17,18]

 Initial report Current report

Planned interim analysis First Second
Median follow-up period (months) 33  55
No. of recurrences 289 389
No. of deaths 133 221
Hazard rate - recurrence* 0.68 (p=0.0002) 0.72 (p=0.0010)
Hazard rate – death* 0.71 (p=0.049) 0.70 (p=0.008)

*Cox proportional hazard model (adjusted for nodal status)

Table 2. Phase III randomized adjuvant taxane breast cancer trials 

Study No. of patients Median follow-up Comparison 5-year DFS 5-year OS
  (months)  (%) (%)

CALGB 9344 [23] 3,121 69 AC x 4 65 77
   AC x 4 → P x 4 70* 80*
NSABP B 28 [26] 3,060 65 AC x 4 72 85
   AC x 4 → P x 4 76* 85
BCIRG 001 [28] 1,491 55 TAC x 6 75* 87*
   FAC x 6 68 81
CALGB 9741 [18] 2,005 36 Dose-dense arms II and IV 82† 92
   Standard arms I and III 75* 90*

DFS: disease-free survival; OS: overall survival; CALGB: Cancer and Leukemia Group B; AC: doxorubicin and cyclophosphamide; P: paclitaxel; 
NSABP: National Surgical Adjuvant Breast and Bowel Project; FAC: fluorouracil, doxorubicin, and cyclophosphamide; BCIRG: Breast Cancer 
International Research Group; TAC: docetaxel, doxorubicin, and cyclophosphamide  
*p <0.05; †82% (4-year DFS)
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