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ARTICLE INFO ABSTRACT

Keywords: Anthracycline-based regimens form a cornerstone of the adjuvant and neoadjuvant
Adjuvant treatment of breast cancer. Extensive data from clinical trials with long-term follow-
Anthracyclines up have shown that such regimens significantly prolong overall and disease-free
Breast cancer survival, compared with non-anthracycline-based regimens. In recent years, however,
Chemotherapy the proven benefits of anthracyclines have been challenged because of concerns over

HER2 toxicity, and evidence that the benefits may be confined to certain patient subgroups,
Neoadjuvant such as those with over-expression of the HER2 or TOP2A genes. Nevertheless, the
Topoisomerase II alpha available evidence suggests that it is premature to consider discarding anthracycline
therapy. Although cardiotoxicity is a recognised limitation of long-term anthracycline
treatment, clinically overt heart failure is uncommon and associated mortality is low.
Similarly, the risk of acute myeloid leukaemia or myelodysplastic syndrome is low
during anthracycline treatment. Although there are some data to suggest that the
efficacy of anthracyclines may vary between patient subgroups, reliable prospective
data to support this are sparse. Future prospective studies, and advances in the iden-
tification and validation of potential tumour biomarkers, can be expected to facilitate
the targeting of anthracycline therapy to patients who are most likely to benefit.
© 2011 Elsevier Ltd. All rights reserved.

In the Early Breast Cancer Trialists’ Collaborative Group
meta-analysis, with data extending over 15 years’ follow-
up in more than 15,000 patients, polychemotherapy
reduced breast cancer mortality by approximately 10%,
and increased disease-free survival by approximately
12%, compared with no adjuvant chemotherapy in
women under 50 years of age (Fig. 1).2 In the
same meta-analysis, data from randomised comparisons
across all age groups showed that anthracycline-based
regimens had clear benefits in reducing both breast
cancer recurrence and mortality by an additional 3-4%
at 10 years, when compared with cyclophosphamide,
methotrexate and fluorouracil (CMF). 2

As a result of such findings, anthracycline-based
adjuvant therapy is now considered a standard of care
in early breast cancer,® and should be considered for

1. Introduction

Anthracycline-based regimens have a central place in the
adjuvant and neoadjuvant treatment of breast cancer.
The most commonly used regimens include doxorubicin
plus cyclophosphamide, and combinations of cyclo-
phosphamide and fluorouracil with either doxorubicin
(FAC or CAF) or epirubicin (FEC or CEF); many of these
regimens have been supplemented in recent years by
the addition of a taxane. Such regimens have been
extensively investigated in numerous clinical trials with
long-term follow-up. *?

*Correspondence: Monica N. Fornier, Evelyn H. Lauder
Breast Center, Memorial Sloan-Kettering Cancer Center,
300 East 66T Street, New York, NY 10065, USA.

Tel.: +16468884563; fax: +1646 8884555.
E-mail address: fornierm@mskcc.org (M.N. Fornier).

intermediate- and high-risk patients. Such patients may
include younger patients, those with larger tumours
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Fig. 1 - Effects of polychemotherapy versus no adjuvant chemotherapy (control) among patients under 50 years of age
on entry in a meta-analysis of 194 randomised trials of adjuvant chemotherapy or hormonal therapy.? (A) 15-year breast
cancer recurrence, and (B) 15-year breast cancer mortality. SE, standard error. Reprinted from Early Breast Cancer Trialists’
Collaborative Group (EBCTCG). Effects of chemotherapy and hormonal therapy for early breast cancer on recurrence and
15-year survival: an overview of the randomised trials. Lancet 2005;365:1687-717. Copyright ©2005, with permission from

Elsevier and the EBCTCG.

or node-positive disease, oestrogen or progesterone
receptor-negative, or human epidermal growth factor
receptor-2 (HER2 [also known as c-erbB-2])-positive
tumours, and those with poor prognostic features such
as lymphovascular invasion.

Despite the proven benefits of anthracycline-based
adjuvant therapy, a greater understanding of tumour bi-
ology in recent years and concerns about anthracycline-
related toxicity have led to suggestions that this strategy
should be replaced by other treatment options in
many patients.® The available evidence suggests that
this conclusion is premature.® Although cardiotoxicity
is a recognised limitation of long-term anthracycline
therapy, the incidence of clinical heart failure among
all patients below the age of 70 years is low (<1%),?2
and the associated mortality is also low. In the meta-
analysis cited above, the annual mortality rate from
cardiovascular causes was 0.08% in anthracycline-treated
patients, compared with 0.06% in those receiving other
regimens. > However, data show that older women aged
66-70 years can have higher rates of cardiac morbidity. *

The risk of cardiotoxicity may be reduced by patient
screening and using newer agents, which are associated
with a decreased risk of cardiac adverse events.
Similarly, although concerns have been expressed about
an increased risk of acute myeloid leukaemia (AML)
or myelodysplastic syndrome (MDS) in anthracycline-
treated patients, it should be noted that such events are
rare and typically occur early in the course of treatment;
this is in contrast to the recognised occurrence of
late leukaemia associated with alkylating agents. In an
analysis of three trials of anthracycline-based therapy in
node-positive patients, older patients (>65 years) were

significantly more likely to die of AML or MDS than
younger patients.

This paper reviews recent studies of adjuvant or
neoadjuvant treatment with anthracyclines in breast
cancer, which have provided important insights into the
potential benefits and limitations of anthracyclines in
this setting.

2. Comparisons between anthracyclines and other
regimens

The National Surgical Adjuvant Breast and Bowel
Project (NSABP) B-15 study compared the efficacy and
tolerability of 2 months’ treatment with doxorubicin and
cyclophosphamide (AC) and 6 months’ treatment with
CMF. ¢ After 3 years’ follow-up there was no significant
difference between the AC and CMF regimens in disease-
free survival (62% vs 63%, respectively) or overall survival
(83% vs 82%). However, the two treatments had different
toxicity profiles, with nausea and vomiting being more
common and severe with the CMF regimen. This study
helped to establish AC as an effective and well-tolerated
option for the adjuvant treatment of breast cancer.
The subsequent National Cancer Institute of Canada
Clinical Trials Group (NCIC CTG) MAS5 study compared
FEC and CMF in patients with node-positive disease.’
After 5 years, both disease-free and overall survival
were significantly longer with FEC than with CMF
(disease-free survival: 63% vs 53%, P=0.009; overall
survival: 77% vs 70%, P=0.03). FEC was associated with
significantly higher incidences of alopecia and febrile
neutropenia compared with CMF, but there were no
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episodes of congestive heart failure with FEC compared
with one episode in the CMF group. There was, however,
an unexpectedly high rate of acute leukaemia in the FEC
group (1.4%).

More recently, a further trial compared the AC regimen
with a combination of docetaxel and cyclophosphamide
(TC).® This trial is noteworthy in that a relatively high
proportion of patients (16%) were aged 65 years or
older, and 48% of patients had node-negative disease.
After 7 years’ follow-up, the taxane-based regimen was
associated with significant improvements in disease-
free survival (hazard ratio [HR] 0.74, 95% confidence
interval [CI] 0.56-0.98, P=0.033) and overall survival (HR
0.69, 95% CI 0.50-0.97, P=0.032), compared with AC, and
was generally well tolerated. These improvements in
survival were seen in all patient subgroups, irrespective
of age, hormone receptor status, HER2 status and
previous therapy. It should be noted, however, that as yet
these findings have not been replicated in other trials.

3. Should anthracyclines be restricted to certain
patient populations?

A number of studies have suggested that the benefits
of anthracyclines may be confined to, or at least
particularly apparent in, patients with HER2-positive
disease. However, this conclusion is based largely on
retrospective studies; the available data suggest that
most patients can benefit from anthracycline therapy
irrespective of their HER2 status, although HER2-positive
patients may derive the greatest benefits.

3.1. HER2-positive patients

Several studies have investigated the relationship be-
tween HER2 status and anthracycline responsiveness. In
a study comparing low (30 mg/m?), moderate (40 mg/m?)
and high (60 mg/m?) doses of doxorubicin, in combina-
tion with cyclophosphamide and fluorouracil, significant
dose-response relationships were seen only in patients
with over-expression of HER2. ° The possibility that HER2
over-expression might be a predictor of responsiveness
to doxorubicin was tested in a retrospective analysis
from the NSABP B-11 study, which compared the effects
of L-phenylalanine mustard plus fluorouracil, alone or in
combination with doxorubicin. The addition of doxo-
rubicin was associated with significant improvements in
disease-free survival and distant disease-free survival in
patients with HER2 over-expressing disease, but not in
women with HER2-negative tumours.

Recently, two further studies have suggested that
only patients with HER2 over-expression benefit from
anthracycline therapy. The first was a retrospective
analysis from the NCIC CTG MAS5 study, described
above, in which HER2 expression was measured by

means of fluorescence in situ hybridisation (FISH),
immunohistochemical analysis and polymerase chain
reaction (PCR) analysis. ! Adjuvant FEC provided a su-
perior improvement in relapse-free and overall survival,
compared with CMF, in patients with HER2-amplified
disease, whereas there was no significant difference in
outcome between the two treatments in women whose
tumours lacked HER2 amplification (Fig. 2). The second
study was a meta-analysis of eight randomised trials
comparing anthracycline-based and non-anthracycline-
based chemotherapy in women with early breast cancer;
information on HER2 status was available from 5354
of 6564 patients.’? In patients with HER2-positive
tumours (n=1536), anthracyclines were associated with
significantly longer disease-free survival (HR for relapse
0.71, 95% CI 0.61-0.83, P<0.001) and overall survival
(HR for death from any cause 0.73, 95% CI 0.62-
0.85, P<0.001), compared with comparator regimens. In
contrast, anthracyclines had no significant effect on
either disease-free survival (HR 1.00, 95% CI 0.90-1.11,
P=0.75) or overall survival (HR 1.03, 95% CI 0.92-1.16,
P=0.60) in patients with HER2-negative tumours. On the
other hand, a caveat of the meta-analysis was that the
doses of alkylating agents among the different studies
were not well balanced, and therefore a small benefit in
the HER2-negative population cannot be excluded.

3.2. TOP2A status

Although such findings suggest that HER2 over-expression
may be predictive of the response to anthracyclines,
it is important to recognise that other factors may
also influence responsiveness, and these may confound
studies of the impact of HER2 expression. One such factor
is topoisomerase II alpha (TOP2A) expression. TOP2A is
the molecular target of anthracyclines, and plays critical
roles in segregation, condensation and superhelicity
during cell division.®® The HER2 and TOP2A genes both
lie on the long arm of chromosome 17 and are frequently
co-amplified. 3

The Breast Cancer International Research Group
(BCIRG) 006 study randomised 3222 patients to receive
either a control arm of doxorubicin and cyclophospha-
mide followed by docetaxel (AC—T) or one of two
trastuzumab-containing arms: doxorubicin and cyclo-
phosphamide followed by docetaxel plus trastuzumab
(AC—TH), or docetaxel, carboplatin and trastuzumab
(TCH). 1> Approximately one third of the patients
showed co-amplification of HER2 and TOP2A. The
results of the study confirmed the benefit of the two
trastuzumab-containing regimens compared with the
AC—T arm without trastuzumab. #!> However, among
patients with tumours that co-amplified the TOP2A gene,
the outcome data were essentially identical regardless
of whether trastuzumab was included in the regimen.
By contrast, among patients with disease that did
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Fig. 2 - Effect of HER2 status on survival in the NCIC CTG MAS study. !! (A) Relapse-free survival, HER2-amplified disease;
(B) relapse-free survival, HER2-non-amplified disease; (C) overall survival, HER2-amplified disease; (D) overall survival, HER2-
non-amplified disease. FEC, fluorouracil, epirubicin, cyclophosphamide; CMF, cyclophosphamide, methotrexate, fluorouracil;
HR, hazard ratio. Reprinted with permission from Pritchard KI, et al. HER2 and responsiveness of breast cancer to adjuvant
chemotherapy. N Engl ] Med 2006;354:2103-11. Copyright ©2006 Massachusetts Medical Society. All rights reserved.

not co-amplify the TOP2A gene, the difference in the
rates of disease-free survival between the trastuzumab-
containing arms and the AC—T control arm was even
larger compared with the combined population in the
study. * These data might suggest that, in patients with
HER?2 over-expression, the benefits of anthracyclines are
largely related to TOP2A status.

Furthermore, in another subset analysis of the NCIC
CTG MAS trial, 438 tumours were assessed for TOP2A
alterations and HER2 amplification by FISH. In pa-
tients whose tumours showed TOP2A alterations (either
amplifications or deletions), treatment with FEC was
statistically significantly superior to treatment with CMF
in terms of relapse-free survival. In contrast, patients

without TOP2A amplification or deletion did not appear
to benefit from epirubicin.

The issue is complicated, however: a recently presented
analysis using representational oligonucleotide micro-
array analysis (ROMA) has suggested that FISH may over-
estimate TOP2A expression, and that co-amplification of
TOP2A and HER2 may therefore be uncommon. ¥’ A recent
meta-analysis of four trials of adjuvant therapy showed
that in HER2-positive patients TOP2A status had only
a modest, borderline statistically significant predictive
value for anthracycline responsiveness. '8

The only study to have prospectively investigated the
predictive value of TOP2A amplification in anthracycline-
treated patients was the TOP trial, which involved 149 pa-
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tients with oestrogen receptor-negative breast cancer
who received neoadjuvant therapy with epirubicin. %
TOP2A amplification, measured by FISH, was observed
in 9.4% of patients, all of whom also showed over-
expression of HER2; amplification of TOP2A was a strong
(P <0.001) predictor of pathological complete response
(pCR). However, such results should be regarded with
caution, as predictors of pCR might not be able to identify
patients who are truly resistant to anthracyclines, as pCR
only detects high sensitivity.

3.3. Basal-like phenotype breast cancer

As new molecular subtypes of breast cancer are
being identified, research is focusing on evaluating the
respective benefit of certain therapies in such subsets. 2
In a retrospective analysis from the NCIC CTG MAS5 trial,
5-year overall mortality was significantly higher in FEC-
treated patients with disease expressing a core basal-
like phenotype cancer (negative for hormone receptors
and HER2, positive for CK5/6 and epidermal growth
factor receptor), compared with patients with other
phenotypes (HR 1.8, P=0.02); by contrast, in CMF-treated
patients there was no significant difference in mortality
between patients with different phenotypes. ?* However,
it must be emphasised that the doses of alkylating agents
differed between the two arms, and this may explain the
lower benefit of anthracyclines.

4. Conclusions

Anthracyclines remain a cornerstone of adjuvant or
neoadjuvant therapy for breast cancer, although their
prolonged use is limited by late toxicities, notably
cumulative cardiotoxicity. Although some retrospective
analyses and limited prospective data have suggested
that their effectiveness may be restricted to certain
patient subgroups, reproducible prospective data to
support this suggestion are sparse. Adjuvant trials may
provide new insights into this issue, including the
currently ongoing NSABP B-46 study (NCTO00887536),
which randomises patients with node-negative or high-
risk node-positive and HER2-negative breast carcinoma
to either docetaxel and cyclophosphamide or docetaxel,
doxorubicin and cyclophosphamide (+ bevacizumab),
and the recently completed Cancer and Leukemia
Group B (CALGB) 40101 study (NCT00041119), in which
patients were randomised to four or six cycles of either
doxorubicin and cyclophosphamide or paclitaxel.

Such prospective data are urgently needed to fully
characterise the potential benefits of anthracyclines.
Continuing advances in the identification and validation
of potential biomarkers are likely to facilitate the
acquisition of these data. 3
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