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ABSTRACT

Anthracyclines have been a mainstay of breast cancer ther-
apy for decades, with strong evidence demonstrating their
impact on breast cancer survival. However, concerns regard-
ing rare but serious long-term toxicities including cardiotoxi-
city and hematologic malignancies have driven interest in
alternative adjuvant therapy options with more favorable
toxicity profiles. This article provides an update of data that
help inform clinicians of the role anthracyclines should play
in adjuvant breast cancer therapy. Two recently reported
large randomized trials—the Anthracycline in Early Breast
Cancer and Western German Study Plan B studies—
compared a taxane and cyclophosphamide regimen with an
anthracycline, taxane, and cyclophosphamide regimen.
Although the studies had conflicting results, together these
studies suggest that the benefit of adjuvant anthracycline

therapy over a nonanthracycline taxane-containing regimen
is modest at best and may be primarily seen in patients with
especially high-risk disease (i.e., triple-negative breast cancer,
involvement of multiple lymph nodes). A third study—the
MINDACT study—compared an anthracycline-based regimen
to a nonanthracycline regimen, with similar outcomes in
both groups. Despite the toxicities, no adjuvant breast cancer
regimen has been shown to be superior to an anthracycline-
taxane regimen in high-risk patients. These data can directly
inform clinical decision-making in determining which
patients warrant use of adjuvant anthracycline therapy.
Future research may focus on confirming subgroups for
whom it is reasonable to forgo adjuvant anthracyclines and
validating predictive biomarkers or scores for anthracycline
benefit. The Oncologist 2018;23:1153–1161

Implications for Practice: In patients with early breast cancer, the choice of adjuvant chemotherapy should be based on its
effectiveness in reducing breast cancer recurrences and its short- and long-term toxicities. Although adjuvant anthracycline
and taxane chemotherapy has the most data supporting its effectiveness, anthracyclines carry a small but important
increased risk for cardiotoxicity and leukemia. Two recent clinical trials help describe the degree of benefit with adjuvant
anthracycline therapy compared with taxane therapy alone. They suggest that in patients with hormone receptor-positive
breast cancer and limited lymph node involvement, nonanthracycline taxane-based adjuvant therapy may be adequate.

INTRODUCTION
The value of adjuvant chemotherapy to reduce recurrence risk
by eradicating micrometastatic disease gained credence in the
1970s [1, 2]. Studies demonstrating anthracycline-containing
adjuvant regimens further improved disease-free survival (DFS)
and overall survival (OS) compared with other chemotherapy
regimens led to their use as standard adjuvant chemotherapy in
early-stage breast cancer [3]. Among other factors, these
advances in adjuvant breast cancer therapy have resulted in
improvements in breast cancer survival over the last 40 years [4,
5]. Various modeling methods estimate adjuvant chemotherapy
improves breast cancer survival by about 6%–10% [5].

However, as the toxicities of anthracyclines and efficacy of
alternative therapies such as taxanes and HER2-targeted

agents were better appreciated, adjuvant anthracycline use
has been called into question. This article aims to provide con-
text for the value and risks of adjuvant anthracyclines. It will
focus on recently reported evidence that sheds light on dis-
ease and patient characteristics that influence decision-
making regarding the use of adjuvant anthracyclines.

EVIDENCE FOR THE USE OF ADJUVANT ANTHRACYCLINES

The benefit of adjuvant chemotherapy was well established
by the 1980s. A meta-analysis including 40 adjuvant chemo-
therapy trials in over 13,000 breast cancer patients showed
multiagent chemotherapy reduced the annual odds of death
by about one quarter in the initial 5 years after treatment for
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women under 50 [2]. Although many of these early data sup-
ported the use of the combination of cyclophosphamide,
methotrexate, and fluorouracil (CMF), advanced breast cancer
studies in the 1980s suggested greater activity of
anthracycline-containing regimens based on higher response
rates and response durations [6]. Subsequently, multiple ran-
domized trials compared adjuvant anthracycline-based che-
motherapy regimens with CMF and suggested a DFS and OS
benefit with adjuvant anthracyclines [7–9].

In 2012, the Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) conducted a patient-level meta-analysis of
over 100,000 patients in trials of adjuvant polychemotherapy
for early breast cancer, providing the most comprehensive
view of the value of adjuvant anthracycline therapy [3]. It
showed anthracycline-containing adjuvant chemotherapy
compared with no chemotherapy decreased the 10-year risk
of breast cancer recurrence from 47.4% to 39.4% (relative risk
[RR] 0.73, 95% confidence interval [CI] 0.68–0.79). Addition-
ally, it reduced 10-year overall mortality from 39.6% to 34.6%
(RR 0.84, 95% CI 0.78–0.91). The same analysis also compared
anthracycline-containing regimens with CMF. “Standard dose”
anthracycline regimens (cumulative dose: doxorubicin
240 mg/m2 or epirubicin 360 mg/m2) were equivalent to CMF
in terms of recurrence rate, breast-cancer-specific mortality
rate, and overall mortality rate at 10 years. However, regi-
mens with higher doses of anthracyclines demonstrated a
reduction of about 4% in 10-year mortality (RR 0.84, 95% CI
0.76–0.92). Furthermore, the EBCTCG meta-analysis demon-
strated that the addition of a taxane to an anthracycline regi-
men provided additional reduction in the 8-year recurrence
rate (34.8% vs. 30.2%) and mortality rates (26.7% vs. 23.5%).
This benefit was diminished in trials that increased the num-
ber of cycles of nontaxane chemotherapy to mirror the num-
ber of cycles given in the anthracycline-taxane arm. The
proportional risk reduction was relatively unaffected by age,
nodal status, tumor differentiation, estrogen receptor status,
or tamoxifen use [3].

These analyses helped establish anthracycline- and
taxane-based chemotherapy as a standard for adjuvant treat-
ment. Notably, the absolute benefit is relatively small, indicat-
ing only a small subset of patients with invasive breast cancer
derive benefit from adjuvant anthracyclines when compared
with other adjuvant chemotherapy regimens.

TOXICITY OF ANTHRACYCLINES

Despite their ability to improve survival for women with early
breast cancer, anthracyclines can result in severe short- and
long-term toxicities. As supportive care has improved, short-
term toxicities, such as nausea and neutropenia, can be better
managed. Nevertheless, these side effects may pose prob-
lems, particularly for elderly patients and patients with
comorbidities. Rare but important long-term toxicities include
cardiotoxicity and secondary hematologic malignancy.

Cardiotoxicity
The advances in long-term survival for women with early
breast cancer make late and chronic toxicities a particular
concern. In an analysis of women diagnosed with breast can-
cer in the Surveillance, Epidemiology, and End Results

Program database, death from cardiac causes were just
slightly more common than death from breast cancer (15.9%
vs. 15.1%, respectively) [10]. Anthracyclines can damage the
myocardium and cause a variety of cardiac effects including a
dilated cardiomyopathy, supraventricular tachycardia, myo-
pericarditis, electrocardiogram changes, and sudden death
[11]. The cardiomyopathy can run the spectrum from severe
congestive heart failure (CHF) to subclinical, subtle echocar-
diographic changes. Risk factors for anthracycline-induced car-
diotoxicity include age (>65 years), higher cumulative
anthracycline dose, mediastinal radiation, pre-existing cardiac
disorders, and other cardiac risk factors (i.e., hypertension)
[12–14]. Radiation therapy and trastuzumab can have additive
or synergistic cardiotoxic effects with anthracyclines [15].

Inconsistent definitions of cardiotoxicity have resulted in
significant variation in the estimated incidence of
anthracycline-induced cardiotoxicity. The risk for cardiotoxicity
with anthracyclines is dose-dependent and increases dramati-
cally at doses higher than doxorubicin 400mg/m2 or epirubicin
800 mg/m2 [12, 16]. Overall, the incidence of CHF at 5 years
with modern anthracycline-containing adjuvant breast cancer
regimens is relatively low, ranging from 0% to 1.6% [17].
Severe toxicity is uncommon. For example, in one study of
adjuvant doxorubicin (total dose 240 mg/m2) and cyclophos-
phamide (AC) versus paclitaxel in lymph node-positive breast
cancer, only 2 of 1,107 patients receiving AC developed symp-
tomatic CHF due to a drop in left ventricular ejection fraction
(LVEF) responsive to intervention (≥grade 3 LV systolic dysfunc-
tion) at a median follow-up of 6 years [18]. However, when all
degrees of cardiotoxicity are considered in patients receiving
AC followed by paclitaxel (AC!T), there is about a 10% inci-
dence of post-treatment cardiotoxicity and decline in LVEF
[19]. Additionally, anthracyclines result in evidence of subclini-
cal cardiovascular disease, including increase in LV end systolic
volume, myocardial strain, pulse wave velocity, and other car-
diac MRI measures [13, 20, 21]. These parameters are associ-
ated with future clinical cardiovascular events, and may
contribute to “multiple hits” in patients likely to experience
long-term survival and other cardiovascular risk factors [15].

The addition of trastuzumab to anthracyclines substan-
tially increased the incidence of cardiac dysfunction. In BCIRG
006, patients with HER2-positive early breast cancer were ran-
domized to AC!docetaxel, AC!docetaxel + trastuzumab
(H), or docetaxel, carboplatin, and trastuzumab (TCH). The
rates of symptomatic CHF were 0.7%, 2.0%, and 0.4%, respec-
tively. Late occurrence of CHF is rare [22]. However, incidence
of asymptomatic decline in LVEF by >10% was 11.2%, 18.6%,
and 9.4%, respectively [23]. The significance of asymptomatic
cardiac toxicity is not well understood in the context of other
cardiac risk factors.

Therapy-Related Marrow Neoplasms
Anthracyclines are topoisomerase II inhibitors and thought
to cause secondary leukemia and myelodysplastic syndrome
(marrow neoplasms) by interfering with ligation after single
and double strand breaks. Therapy-related marrow neo-
plasms are also an important concern in patients receiving
anthracyclines in the adjuvant setting. The 5-year rate of
acute leukemia after adjuvant breast cancer therapy ranged
from 0% to 1.4% [17]. These rates dramatically increase
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with higher-dose therapy [24]. One case-control study esti-
mated an RR of 3.11 (95% CI 1.96–4.96) [25]. An analysis of
over 20,000 patients with stage I–III breast cancer treated
through the National Comprehensive Cancer Network
showed the RR of a marrow neoplasm with adjuvant che-
motherapy was 6.8. The incidence was 0.46 per 1,000
patient years compared with 0.16 per 1,000 patient years in
the surgery alone group. Importantly, the risk continued to
rise beyond 5 years, with the incidence at 10 years about
double that at 5 years [26]. Breast cancer patients receiving
adjuvant anthracyclines are also frequently exposed to
other risk factors for therapy-related marrow neoplasms
(i.e., radiation, growth factors, alkylating agents) that pre-
sent an additive or synergistic risk [25, 26]. Unfortunately,
therapy-related neoplasms that develop are more likely to
have adverse features: Patients often have increased toxic-
ities given prior therapies, and patients are more likely to
have poor outcomes independent of other established prog-
nostic factors [27].

ALTERNATIVES TO ANTHRACYCLINES

The benefits of anthracyclines must be weighed against
their relatively rare but severe long-term toxicities in these
patients with expected long-term survival [28]. As taxanes
were incorporated into standard adjuvant regimens, there
was interest in determining if they can achieve similar clini-
cal benefits (i.e., DFS and OS) and be anthracycline sparing.
Although data for nonanthracycline regimens does not
have the same depth, a growing body of evidence supports
their use (Table 1).

As taxanes were incorporated into standard adjuvant
regimens, there was interest in determining if they
can achieve similar clinical benefits and be anthracy-
cline sparing. Although data for non-anthracycline
regimens does not have the same depth, a growing
body of evidence supports their use.

The U.S. Oncology 9735 trial evaluated four cycles of
docetaxel and cyclophosphamide (TC) versus four cycles of
AC [29]. The study included 1,016 women with operable
stage I–III breast cancer. About 70% were hormone recep-
tor (HR) positive, and half were lymph node positive. At a
median follow-up of 7 years, the cohort receiving TC had
improved DFS (81% vs. 75%, p = .033) and OS (87%
vs. 82%, p = .032). Of note, only 170 patients were
assessed for HER2 status, and only 11% of patients had
four or more lymph nodes involved. In unplanned sub-
group analyses, the benefit of TC was seen in all age sub-
groups, HR status, and HER2 status.

The comparator arm in the U.S. Oncology 9735 trial of
AC was shown to be at least equivalent to CMF in the
EBCTCG analysis [30]. These results led to the acceptance
of TC as a viable nonanthracycline adjuvant regimen in
patients with low-risk breast cancer. However, given the
strong evidence seen throughout several global trials of

the benefit of taxanes in adjuvant therapy, this comparison
did not answer the important question of whether a non-
anthracycline regimen was superior to an anthracycline-
and taxane-based regimen [3].

The CALGB 40101 study also compared adjuvant tax-
anes with anthracycline-based chemotherapy for women
with early-stage breast cancer. In the trial, 3,871 breast
cancer patients with ≤3 positive lymph nodes were ran-
domized to paclitaxel or AC [18]. About 90% of patients
had lymph node-negative disease, and 68% were HR posi-
tive. HER2 status was only assessed in a subgroup of
patients, of whom 15% had HER2-positive breast cancer. At
a median follow-up of 6.1 years, the relapse-free survival
was 88% versus 91% with a hazard ratio of 1.26 (one-sided
upper bound CI 1.48). This follow-up was enough to dem-
onstrate that single-agent paclitaxel was inferior to AC in
women with early-stage breast cancers.

Exploring options for taxane-based, nonanthracycline
adjuvant regimens was of special interest in HER2-positive
breast cancer, with the observation of a multiple-fold increase
in cardiotoxicity when trastuzumab was added to an anthracy-
cline [31–33]. The BCIRG 006 study evaluated TCH as a nonan-
thracycline, alternative adjuvant regimen in HER2-positive
breast cancer [23]. The study included 3,222 women with
HER2-positive, stage I–III breast cancer who were randomized
to AC followed by docetaxel, AC ! docetaxel + H, and TCH,
stratified by nodal and HR status. Patients had high-risk,
lymph node-negative disease (ER negative, tumor >2 cm,
grade 2 or 3, or age <35) or lymph node-positive disease.
More than half had HR-positive disease. About 29% of
patients had lymph node-negative disease, 38% had one to
three lymph nodes, and 33% had four or more lymph nodes
involved. The 5-year DFS was 75% with AC!docetaxel, 84%
with AC!docetaxel + H, and 81% with TCH. The OS was
87%, 92%, and 91% in each arm, respectively. Both
trastuzumab-containing regimens led to a significant improve-
ment in DFS and OS at 5 and 10 years. Although the differ-
ence in efficacy outcomes between AC!docetaxel + H and
TCH was not statistically significant at 5 or 10 years, the study
was not powered to compare the anthracycline arm with the
nonanthracycline arm [34]. Nevertheless, there was a trend
toward improved DFS and OS in the anthracycline arm. Total
critical clinical events (distant breast cancer recurrence, grade
3 or 4 CHF, and acute leukemia) were similar (146 vs.
149 events) between AC!docetaxel + H and TCH. Toxicities,
including neutropenia, CHF, and sensory neuropathy, were
lower in the nonanthracycline arm than the anthracycline
arm. Subgroup analyses suggest that similar efficacy is seen
even in the lymph node-positive patients, with 5-year DFS of
80% and 78% with AC!docetaxel + H and TCH, respectively.
These data have led TCH to be a preferred regimen along with
AC!taxane + H for adjuvant therapy in HER2-positive breast
cancers [23, 34].

The TRYPHAENA study was a phase II clinical trial of
neoadjuvant therapy in HER2-positive breast cancer (tumor
>2 cm and/or lymph node-positive disease) designed to
assess cardiac safety as the primary endpoint [35]. In this
study, 225 patients were randomized to TCH + pertuzu-
mab; 5-fluorouracil, epirubicin, and cyclophosphamide
(FEC) followed by docetaxel, trastuzumab, and pertuzumab;
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or FEC followed by docetaxel with concurrent trastuzumab
and pertuzumab. About half of patients had HR-positive dis-
ease, and the majority of patients had zero to three involved
lymph nodes. The pathologic complete response (pCR) rates
in the breast (ypT0/is) were 66.2%, 45.3%, and 51.9% in the
respective treatment arms. Although the study was not
powered to assess differences in pCR, it did show high rates
of pCR (which is correlated with favorable long-term out-
comes) in the nonanthracycline arm, adding evidence in sup-
port of nonanthracycline adjuvant options [36].

The first two studies presented (U.S. Oncology 9735 and
CALBG 40101) were conducted prior to the incorporation of
trastuzumab into therapy for HER2-positive breast cancers
and routine HER2 testing (HER2 status is known only for 17%
and 48% of patients, respectively). Anthracyclines have
shown clear benefit for patients with HER2-positive disease
in the era before the standard use of adjuvant trastuzumab
[37]. However, as indicated by BCIRG 006, with the incorpo-
ration of trastuzumab, the anthracycline benefit is less evi-
dent [23]. The incomplete knowledge of HER2 status and its
influence on response in these two trials limit their generaliz-
ability, as it is unclear whether the benefit of anthracyclines
was primarily in the HER2-positive patients and if that bene-
fit is obviated with the incorporation of trastuzumab.

With the growing literature demonstrating comparable
outcomes with taxane-based adjuvant therapies, their use in
clinical practice has grown steadily [38]. However, none of
these studies included an anthracycline and taxane regimen,
for which there is the strongest data. In the past year, data have
matured and been reported from two large randomized trials,
the Anthracycline in Early Breast Cancer (ABC) and Western
German Study (WSG) Plan B trials, offering the greatest insight
into this comparison. Additionally, the MINDACT trial provided
further insight from a modern patient population comparing
an anthracycline versus nonanthracycline adjuvant regimen.

The ABC study was a joint analysis of three adjuvant
breast cancer trials comparing TC for six cycles with an
anthracycline- and taxane-containing adjuvant regimen
(TaxAC) [39]. The comparison arms were docetaxel, doxorubi-
cin, and cyclophosphamide every 21 days in USOR 06-090 and
NSABP B-46-I/USOR 07132 and investigator’s choice of sev-
eral standard anthracycline- and taxane-containing regimens
in B-49 (including dose-dense regimens and regimens with
sequential anthracycline and taxane use). The NSABP B-46-I/
USOR 07132 also included a TC and bevacizumab arm that
was not included in the analysis. The primary objective was to
determine if TC was noninferior to TaxAC as evaluated by a
5-year invasive disease-free survival (IDFS). A hazard ratio of
≥1.18 corresponding to an absolute difference of ≥2% was
prespecified as indicating inferior efficacy.

Together, there were 4,242 patients with lymph node-
positive or high-risk lymph node-negative HER2-negative
breast cancer across the trials who were randomized to TaxAC
or TC. Patients were stratified by HR status, nodal involvement,
and parent trial. Details of study-specific patient populations
are included in Table 1. Overall, 69% of patients had HR-
positive disease. Most patients had limited nodal involvement:
41% were lymph node negative, 44% had one to three lymph
nodes, and only 16% had four or more lymph nodes involved.
Over half of patients had high histologic grade tumors.

At the planned interim analysis, when 334 IDFS events
have occurred (over half of an anticipated 668), the hazard
ratio exceeded the 1.18 prespecified hazard ratio cutoff
and indicated TC was statistically inferior to TaxAC. At the
cutoff time, the hazard ratio was 1.23 (95% CI 1.01–1.50),
which translated into an absolute difference in 4-year IDFS
of 2.5% (TC 88.2% and TaxAC 90.7%). At this cutoff, there
was no significant difference in overall survival (hazard
ratio 1.08, 95% CI 0.82–1.41, p = .60). Toxicities were con-
sistent with those previously described with each regimen.
In the TaxAC arm, five patients developed leukemia, com-
pared with none in the TC arm.

Tests for interaction by parent protocol, HR status, and
nodal status were negative. However, in the exploratory
analysis, TaxAC was favored in the studies with longer
follow-up, although this did not meet statistical significance
(USOR 06–090 hazard ratio 1.31, 95% CI 0.97–1.78 and
B46/07132 hazard ratio 1.34, 95% CI 0.94–1.91). Addition-
ally, TaxAC was favored in patients with HR-negative dis-
ease (hazard ratio 1.42, 95% CI 1.04–1.94) and more nodal
involvement, although this did not meet statistical
significance.

In unplanned exploratory analysis, HR and nodal status
were jointly analyzed (Table 2). Hazard ratios for these sub-
group analyses did not show a statistically significant
advantage for either arm. Nevertheless, the hazard ratio
for patients with HR-positive, lymph node-negative breast
cancer favored TC (hazard ratio 0.69, 95% CI 0.39–1.19),
with an absolute 4-year IDFS difference of 2.7%. In con-
trast, the greatest advantage to TaxAC appeared to be in
HR-negative cancers (hazard ratio ranged between 1.3 and
1.6 for various degrees of nodal involvement). Patients
with HR-negative, lymph node-positive tumors had an
absolute difference in 4-year IDFS of about 11%. Addition-
ally, HR-positive cancers with more than four lymph nodes
involved favored TaxAC (hazard ratio 1.49, 95% CI
0.95–2.26; absolute difference in 4-year IDFS 5.8%).

The difference noted in outcomes between the treat-
ment arms in the ABC trials contrasts with the recently
reported results of a study also comparing a taxane-based
regimen with an anthracycline and taxane regimen. The
WSG Plan B trial was a phase III trial of women with
HER2-negative lymph node-positive and high-risk lymph
node-negative (T2-4, G2-3, <35 years, or high uPA/PAI-1)
breast cancer [40]. The 21-gene assay (OncotypeDx) was
run for patients with HR-positive, pN0–1 breast cancer.
Those with a recurrence score ≤11 had chemotherapy
omitted and were treated only with local therapy and
endocrine therapy. The trial was designed with a noninfer-
iority margin of 4.4% for the nonanthracycline compared
with the anthracycline regimen. Over 2,400 patients with
high-risk disease were randomized to TCx6 or epirubicin
and cyclophosphamide followed by docetaxel for four
cycles each (ECx4!Tx4). Forty-one percent of patients had
lymph node-positive disease, 82% were HR positive, and
42% had grade 3 tumors. There was no difference
observed in 5-year DFS (90.2% vs. 89.9%) or 5-year OS
(94.7% vs. 94.6%). Even among those with the highest
recurrence scores (RS > 25), the 5-year DFS was 86% ver-
sus 85%. Subgroup analyses did not suggest a particular
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subset derived greater benefit from the anthracycline-
containing arm. There were more treatment-related deaths
in the TCx6 arm (0.4 vs. 0.1%) but more serious adverse
events in the anthracycline-containing arm (397 vs.
358 events). These results suggest TCx6 is noninferior to
ECx4!Tx4 and patients are “sufficiently treated” with
TCx6. Additionally, the 21-gene recurrence score was not
predictive of efficacy of anthracycline therapy.

TheMINDACT trial evaluated the utility of the 70-gene assay,
MammaPrint, in addition to clinical risk assessment by Adjuvant!
Online. Patients with clinical or genomic high-risk disease receiv-
ing chemotherapy underwent a second randomization to chemo-
therapy versus no chemotherapy, and those with disease
considered high risk by both measures received chemotherapy
[41]. The 1,301 patients receiving chemotherapy on study had a
second randomization to a standard anthracycline-based regi-
men (including a taxane only for patients with node-positive dis-
ease) or docetaxel and capecitabine (DC) × six cycles. The study
was designed to detect superiority of DC over the traditional
anthracycline regimens. Seventy percent did not have lymph
node involvement, and the remaining had N1 disease. Sixty-nine
percent had HR-positive, HER2-negative disease, and 20% had
triple-negative breast cancer. At a median of 5 years follow-up,
DC was not superior to the anthracycline regimens, with a DFS of
90.7% versus 88.8%. For patients with both clinical and genomic
high-risk disease, the DFS was not statistically different (86.1%
vs. 88.1%).

Several differences between the trials may account for the
divergent outcomes. The ABC trials collectively enrolled over
4,200 patients, compared with 2,400 and 1,300 in the WSG
Plan B and MINDACT studies, respectively. The ABC study also
included more clinically high-risk patients, with more lymph
node-positive patients (60% vs. 41% and 30%) and more
triple-negative patients (31% vs. 18% and 21%), compared
with the WSG PlanB and MINDACT trials, respectively. The
MINDACT study did not include N2 or N3 disease. Additionally,
as the ABC studies with longer follow-up favored the anthracy-
cline regimen, and the B-49 with the shortest follow-up did
not, it will be important to update data with longer follow-up
given the sustained risk for recurrence, particularly in HR-
positive disease [42]. Furthermore, whereas both the ABC and
PGS Plan B studies were powered for noninferiority, the ABC
trials were powered for a smaller absolute difference.

Although these studies had different outcomes, the data
in total suggest the absolute benefit of an anthracycline- and
taxane-containing regimen compared with a nonanthracycline
adjuvant regimen is at best small and likely limited to the
higher-risk patients. Further studies and longer follow-up are
needed to confirm these findings and reconcile the

differences in outcomes. Pooled analyses and additional data
may help identify clinical factors or biomarker-based sub-
groups that glean the greatest benefit or stand the greatest
risk with adjuvant anthracycline therapy. Of note, these trials
utilized six cycles of taxane-based, nonanthracycline chemo-
therapy. This contrasts with the frequently used four cycles of
TC supported by two prior clinical trials and an effort to bal-
ance efficacy with toxicities. The U.S. Oncology 9735 trial sug-
gested TC × 4 was superior to AC × 4 [29]. In CALGB 40101,
over 3,000 women with zero to three involved lymph nodes
were randomized to either four or six cycles of chemotherapy
and treatment with either paclitaxel or AC. At a median
follow-up of 5.3 years, the hazard ratio for RFS was 1.02 (95%
CI 0.84–1.49), with six cycles associated with increasing toxic-
ities [43]. However, we lack high-quality data comparing a
modern anthracycline-taxane regimen with four cycles of TC.

STRATEGIES TO LIMIT ANTHRACYCLINE USE AND TOXICITY

Ultimately, the goal is to optimize risk reduction for recur-
rence and limit serious adverse events in patients who
receive adjuvant therapy for stage I–III breast cancers. This
means findings the therapies that will result in the fewest
total events including disease recurrence, death, and
severe toxicity (i.e., cardiotoxicity, leukemia). One strategy
for achieving this goal is to limit adjuvant chemotherapy to
those likely to have a clinically meaningful benefit as pre-
dicted by the clinical scenario and the use of genomic risk
prediction tools for HR-positive disease (i.e., 21-gene and
70-gene assays) [44, 45]. Similarly, molecular subtyping
may help predict tumors more or less likely to be chemo-
therapy responsive [46]. However, none of these tools pre-
dict sensitivity specifically to anthracyclines.

HER2 amplification and TOP2A have been shown to
predict for benefit from anthracyclines. TOP2A encodes
DNA topoisomerase IIα, which is involved in DNA replica-
tion and repair and is a target of anthracyclines. TOP2A is
located on chromosome 17q near HER2 and is frequently
coamplified with HER2 [47]. In fact, in the BCIRG 005 study
of over 1,600 patients with HER2-negative disease, no
tumors had TOP2A amplification. In contrast, in BCIRG
006, over one third of almost 3,000 patients with
HER2-amplified breast cancer also had TOP2A overexpres-
sion [48]. Retrospective analyses of several studies found
patients with HER2 positivity and TOP2A gene aberrations
had increased efficacy when treated with adjuvant anthra-
cycline therapy [49–51]. A subsequent pooled analysis
compiled data from eight studies that randomized 5,354
patients with known HER2 status to anthracycline- or

Table 2. Exploratory analysis from the anthracycline in early breast cancer trials

HR positive HR negative

TaxAC vs. TC difference
in 4-year IDFS Hazard ratio (95% CI)

TaxAC vs. TC difference
in 4-year IDFS Hazard ratio (95% CI)

Lymph node negative −2.7% 0.69 (0.39–1.19) 2.5% 1.31 (0.86–1.99)

1–3 lymph nodes 2.0% 1.14 (0.77–1.69) 10.9% 1.58 (0.90–2.79)

4+ lymph nodes 5.8% 1.46 (0.95–2.26) 11.0% 1.34 (0.62–2.91)

Abbreviations: CI, confidence interval; HR, hazard ratio; IDFS, invasive disease-free survival; TaxAC, taxane- and anthracycline-containing regimen;
TC, taxane, cyclophosphamide.
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nonanthracycline-containing adjuvant chemotherapy [37].
For patients with HER2-positive breast cancer, DFS and OS
were improved with anthracyclines (hazard ratio 0.71, 95%
CI 0.61–0.83; and hazard ratio 0.73, 95% CI 0.62–0.85).
However, no improvement was seen in HER2-negative
patients, (hazard ratio 1.00 and 1.03, respectively). Of note,
methods of HER2 evaluation and interpretation were not
standardized across studies. Furthermore, these data were
from the pre-trastuzumab era. A later patient-level meta-
analysis with standardized fluorescent in-situ hybridization
for HER2 and TOP2A suggested patients with HER2 positiv-
ity and TOP2A aberrations did have greater advantage of
anthracycline-based therapy than those without (event-free
survival hazard ratio for HER2 amplification 0.71, 95%
0.58–0.86 and for TOP2A altered 0.64, 95% CI 0.50–0.81)
[52]. However, those with HER2 nonamplified and TOP2A
normal still had a hazard ratio that suggested benefit from
anthracyclines, although of a smaller magnitude. Because
of these data suggesting HER2 and TOP2A-normal patients
still derive some benefit from anthracyclines, they are not
used clinically as predictive biomarkers for anthracycline
benefit [52]. Another patient-level pooled analysis of five
studies comparing anthracycline-based chemotherapy with
CMF adjuvant therapy also showed TOP2A aberrations pre-
dicted for recurrence-free survival and OS, as did CEP17
duplication [53].

To further evaluate TOP2A expression as a predictive
biomarker for response to anthracycline therapy, the
DBCG 07-READ study evaluated outcomes in 2012 TOP2A-
normal early-stage breast cancer [54]. In this open-label,
randomized phase III trial, patients received docetaxel
and cyclophosphamide for six cycles or epirubicin and
cyclophosphamide for four cycles followed by docetaxel
for four cycles. About half of patients were lymph node
negative, 38% had one to three lymph nodes, and only
15% had four or more lymph nodes involved. The estro-
gen receptor was positive in 71% of patients. The 5-year
DFS was 87.9% versus 88.3% in each arm, with a hazard
ratio of 1.00. OS was similar in both treatment arms. This
study further supports the hypothesis that the anthracy-
cline benefit is derived primarily from patients with
abnormal TOP2A. Importantly, there were limited patients

with high-risk features (N2-3 or triple-negative disease)
that have been noted to derive the greatest anthracycline
benefit.

In addition to TOP2A, CEP17 duplication, homologous
recombination deficiency, and other biomarkers are associ-
ated with greater anthracycline benefit [53, 55]. To reflect
the more complex activity of anthracyclines on breast can-
cer, anthracycline sensitivity signatures or scores have been
developed to help enhance the predictive ability of TOP2A
alone. These show promise, particularly to help determine
which patients may avoid anthracycline therapy given a
high negative predictive value. However, these tests still
need independent prospective validation and are not used
in routine clinical practice [56, 57]. Ongoing molecular ana-
lyses from the ABC trials may provide additional insight
into predictors of benefit from anthracyclines [39].

CONCLUSION

Anthracyclines have been a mainstay of adjuvant breast
cancer therapy for decades, with extensive data supporting
their value in improving DFS and OS. However, their toxic-
ities, the efficacy of taxane-based nonanthracycline adju-
vant chemotherapy, and the relatively small incremental
benefit of anthracyclines have brought their use into ques-
tion. Recently, the ABC, WSG PlanB, and MINDACT random-
ized trials provided high-quality randomized data regarding
the direct comparison of nonanthracycline taxane-based
and anthracycline- and taxane-based adjuvant chemother-
apy regimens in HER2-negative breast cancer. Despite the
discordant study results, it is clear that the magnitude of
benefit of adjuvant anthracyclines compared with a taxane
regimen is small and may be primarily concentrated in
patients with triple-negative tumors or extensive lymph
node involvement. Longer-term follow-up and confirmatory
data from subgroups at highest and lowest risk may help
determine which patients stand to benefit from adjuvant
anthracycline therapy. Future studies’ randomized trials
may evaluate other alternatives to an anthracycline regi-
men such as a platinum-based nonanthracycline therapy
for triple-negative breast cancer, which has shown promis-
ing pCR rates as neoadjuvant therapy [58, 59].

Despite the discordant study results, it is clear that
the magnitude of benefit of adjuvant anthracyclines
compared with a taxane regimen is small and may
be primarily concentrated in patients with triple
negative tumors or extensive lymph node involve-
ment.

In our practice, after considering a patient’s clinical risk
and relevant comorbidities, if appropriate, we continue to
recommend an adjuvant anthracycline in those with signifi-
cant nodal involvement or higher-risk triple-negative dis-
ease (Fig. 1). For lymph node-negative HR-positive tumors
being treated with chemotherapy, we often utilize a

Figure 1. Factors influencing decisions regarding anthracycline
use for adjuvant breast cancer therapy.
Abbreviation: HR, hormone receptor.
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nonanthracycline-based regimen. For these patients, we
often utilize TC × 4 given more limited absolute benefit in
a lower-risk patient population and a desire to limit
toxicities.

For almost 15 years, there has been speculation that the
use of adjuvant anthracyclines would come to an end [60,
61]. As data for nonanthracycline regimens grow, the role of
adjuvant anthracyclines in breast cancer is becoming more
limited. Nevertheless, anthracyclines remain an important
part of adjuvant therapy for some high-risk patients.
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