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The combination of an anthracycline and trastuzumab was

an integral part of the pivotal trial that led to the registered

approval of the monoclonal antibody for treatment of

women with HER2-positive metastatic breast cancer [1]. In

spite of improved efficacy associated with the combined

use of doxorubicin and cyclophosphamide with trast-

uzumab, the incidence of 27% cardiac dysfunction and

16% symptomatic congestive heart failure (CHF) in that

arm of the study brought to the conclusion that the HER2-

directed monoclonal antibody should not be used in com-

bination with an anthracycline outside of clinical trials [1,

2]. Such a conclusion was supported by the data, although

the most relevant cardiac safety analysis was retrospective

[2], and it was later confirmed by mechanistic insights that

clarified the role of the HER2 receptor in the pathways of

myocardial repair through neuregulin signaling, and the

negative impact of HER2 blockade on myocardial damage

such as the one caused by anthracyclines [3–5]. As an

immediate consequence, all studies that tested the use of

trastuzumab as adjuvant therapy avoided the concomitant

use of the anthracyclines to limit the incidence and severity

of cardiac events. The Breast Cancer International

Research Group (BCIRG) even adopted a regimen without

any anthracycline and found at the interim analysis so far

released that women with HER2 amplified gene derived

benefit of the same order of magnitude with the docetaxel,

carboplatin and trastuzumab combination than with doxo-

rubicin and cyclophosphamide followed by docetaxel and

trastuzumab [6]. Overall the use of trastuzumab in com-

bination with anthracyclines has become a taboo.

In this issue of the Journal E. Stickeler et al. [7] publish

a small but provocative study showing that the combination

of pegylated lipomosal doxorubicin (PLD) and trastuzumab

is feasible without excessive cardiac events and associated

with promising antitumor activity. The study accrued only

16 of the 30 patients originally planned. In addition it was

designed to enroll patients with prior exposure to a maxi-

mum of 400 mg/m2 of doxorubicin or 600 mg/m2 of the

less cardiotoxic epirubicin, but only three of the women

who participated in the trial had previously received

anthracyclines [7]. On statistical and clinical grounds both

aspects of the conduct of the trial substantially limit the

wider applicability of the safety and efficacy findings of the

report to the population of patients with HER2-positive

breast cancer. However, as pointed out by the Authors [7],

the study goes in the same direction of many other reports

that are reconsidering the combination of anthracyclines

and trastuzumab as a relevant treatment option for women

with HER2 positive breast cancer. These studies were

recently reviewed and all together challenge the tenet that

combining anthracyclines and trastuzumab should be

avoided [8].

There are indeed several reasons for revisiting the pos-

sibility of the combination. There appear to be a prefer-

ential antitumor activity of the anthracyclines in HER2-

positive breast cancers [9, 10]. Such pattern of sensitivity

has been linked to the frequent association between the

HER2 gene amplification and amplification of the TOPOII

gene that encodes for a key intracellular target of the

anthracyclines, the topoisomerase IIa enzyme [6, 11]. More

recent reports have challenged such mechanistic interpre-

tation [12, 13]. However, the appeal of combining trast-

uzumab with anthracyclines is still very high in the light of
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the outstanding therapeutic benefit associated with anthra-

cyclines as a class in all stages of breast cancer presenta-

tion, and the worldwide diffusion of some anthracycline-

containing regimens as the most popular adjuvant

treatments.

On safety grounds, the simplest reason for revisiting the

combination of anthracyclines and trastuzumab is that we

have known for decades how to limit the incidence and

severity of cardiac toxicity of anthracyclines and exploit

their full therapeutic potential. The rule of thumb has

always been that of keeping the exposure of the myocar-

dium to a lifetime cumulative dose of anthracyclines below

a threshold associated with acceptable risk. Although it is

debatable where to set the threshold and what can be

viewed as an acceptable risk, a lower exposure of the

myocardium to anthracyclines can be accomplished in two

ways: by decreasing their total administered dose, or by

adopting an anthracycline formulation such as liposomal

incapsulation that substantially lowers their distribution

and penetration within the myocardium. There are exam-

ples of both approaches in the recent literature that

described modalities of administration of anthracyclines

with trastuzumab [8].

The principle of combining trastuzumab with doxoru-

bicin for a limited number of cycles until a maximum

cumulative dose of 240 mg/m2 in a regimen that also

included paclitaxel was successfully tested by Bianchi

et al. [14] after observing that all episodes of congestive

heart failure reported in the pivotal trial occurred after a

total dose of 360 mg/m2 of doxorubicin in combination

with trastuzumab [1, 2]. The report of Bianchi et al. [14]

led to a randomized trial in women with locally advanced

breast cancer that has recently documented a significantly

improved efficacy in a population of women in whom more

than 25% had inflammatory breast cancer [15] [NOAH

trial]. The superior efficacy shows that trastuzumab adds on

the therapeutic effects of anthracyclines in contrast with the

findings of the BCIRG-006 trial, where trastuzumab did not

improve the efficacy of the anthracycline regimen in the

subset of women with tumors carrying co-amplification of

HER2 and TOPOII [6]. The observation of safety and

excellent therapeutic benefit of the NOAH trial is in line

with the findings reported by Buzdar et al. in a trial of

trastuzumab combined with sequential paclitaxel followed

by fluorouracil, epirubicin and cyclophosphamamide that

was discontinued because, based on preliminary findings of

antitumor activity, it was found unethical to negate trast-

uzumab to the patients randomized to control therapy [16].

In a different approach in the HERCULES study the

combination of trastuzumab and cyclophosphamide with

two doses of epirubicin (60 or 90 mg/m2 per cycle) was

given with good cardiac tolerability for as many or more

than 10 cycles [17]. The cardiac safety and good antitumor

activity of coadministering cyclophosphamide, epirubicin

at 90 mg/m2 for four cycles and concomitant trastuzumab

as preoperative therapy was also shown in the interim

analysis of the GeparQuattro trial by the GBG/AGO Ger-

man Intergroup study [18].

A similar scenario of good cardiac tolerability and very

promising therapeutic effects is emerging from the studies

that adopted liposomal anthracyclines with trastuzumab.

The data reported by Stickeler et al. find support in other

small trials in which either pegylated [19–21] or non-

pegylated doxorubicin [22] was combined with trast-

uzumab. Of note, in a Phase I/II trial that built on the

combination of doxorubicin, paclitaxel and trastuzumab of

the NOAH study and substituted the naked anthracycline

with the non-pegylated liposomal formulation TLC-D99

the Authors reported an outstanding objective response rate

of 98.1% in 69 patients with HER2-positive metastatic

breast cancer, and a median time to progression exceeding

22 months at the cost of very good cardiac tolerability [23].

Collectively several hundred patients have received

trastuzumab concomitantly with anthracycline-containing

regimens since the release of the data of the pivotal trial

[1]. The merged data set seems to dispel the concern of

excessive cardiac risk and supports the concept that

‘‘naked’’ classical anthracyclines and liposomal doxorubi-

cin can be usefully and successfully administered with

trastuzumab provided that patients are adequately selected

to have a normal cardiac function, and that the total dose of

anthracyclines is kept at or around the total cumulative

dose of 240 mg/m2 of doxorubicin or doxorubicin cardio-

toxic equivalents. The clinical results are so promising to

justify renewed attention to the possibility of widening the

indication of trastuzumab to also include the co-adminis-

tration with anthracyclines. Such scenario will have to wait

for the results of prospective randomized tests that in some

cases are already ongoing, as in the Breast cancer Adjuvant

Caelyx Herceptin (BACH) study [8], or in the announced

trial that will prospectively test in women with metastatic

breast cancer the combination of trastuzumab and paclit-

axel verses TLC-D99, trastuzumab and paclitaxel [23]. The

time for reconsidering the taboo of never combining

trastuzumab with anthracyclines has come.

Disclosure Luca Gianni is Advisor to Roche, Genentech, Wyeth

and GSK.
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