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Background	
  

¤ 	
  Conven'onal	
  anthracyclines	
  are	
  the	
  most	
  widely	
  used	
  agents	
  to	
  
treat	
  breast	
  cancer	
  in	
  the	
  adjuvant	
  se8ng,	
  as	
  well	
  as	
  in	
  metasta'c	
  
disease.	
  	
  

¤ Doxorubicin-­‐	
  based	
  regimens	
  have	
  demonstrated	
  benefits	
  in	
  terms	
  
of	
  ORR,	
  TTP,	
  and	
  OS.	
  	
  

¤ Despite	
  its	
  excellent	
  an'tumor	
  ac'vity,	
  however,	
  conven'onal	
  
doxorubicin	
  has	
  a	
  rela'vely	
  low	
  therapeu'c	
  index,	
  and	
  its	
  use	
  is	
  
limited	
  by	
  acute	
  side	
  effects,	
  as	
  myelosuppression,	
  alopecia,	
  acute	
  
nausea	
  and	
  vomi'ng,	
  stoma''s,	
  cardiac	
  events	
  (LVD,	
  myocardi's,	
  
arrhythmia)	
  

¤ Cumula:ve	
  cardiotoxicity	
  is	
  a	
  major	
  concern,	
  leading	
  to	
  poten'ally	
  
fatal	
  conges've	
  heart	
  failure.	
  
	
  



Azienda Sanitaria Firenze 3 

Anthracycline-­‐induced	
  cardiotoxicity	
  	
  

¤  	
  Cardiotoxicity	
  occurs	
  when	
  metabolic	
  free	
  radicals	
  cause	
  lipid	
  peroxida:on.	
  	
  

¤  Ini'ally,	
  damage	
  to	
  the	
  heart	
  is	
  subclinical;	
  however,	
  con'nued	
  treatment	
  will	
  
lead	
  to	
  progressive	
  myocyte	
  damage.	
  The	
  resul'ng	
  cumula've	
  cardiac	
  
dysfunc'on	
  may	
  become	
  evident	
  during	
  therapy	
  or	
  subsequently	
  in	
  months	
  or	
  
years	
  aMer	
  the	
  final	
  doxorubicin	
  dose.	
  

¤  Several	
  factors	
  may	
  poten'ally	
  increase	
  the	
  pa'ent’s	
  risk	
  of	
  developing	
  
anthracycline-­‐induced	
  cardiotoxicity:	
  
higher	
  cumula,ve	
  anthracycline	
  dose	
  

increased	
  rate	
  of	
  drug	
  administra,on	
  

advanced	
  or	
  very	
  young	
  age	
  

medias,nal	
  radia,on	
  

female	
  gender	
  

preexis,ng	
  heart	
  disease	
  

hypertension.	
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Women aged 66 to 70 years: freedom from congestive heart failure (CHF) by adjuvant 
chemotherapy type. 

Pinder M C et al. JCO 2007;25:3808-3815 

©2007 by American Society of Clinical Oncology 
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  Doxorubicin	
  
	
   	
  Epirubicin	
  

Cumula:ve	
  dose	
  mg/m2	
  CHF:	
  Conges've	
  Heart	
  Failure.	
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26%	
  

5%	
  

18%	
  

7%	
  
3%	
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  Hoff	
  et	
  al	
  
(1979)	
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  (2003)	
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  al	
  (2003)	
  

Risk	
  of	
  anthracycline-­‐related	
  CHF	
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Defini:on	
  of	
  cardiotoxicity	
  based	
  on	
  the	
  mechanisms	
  and	
  reversibility	
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liposomal	
  anthracyclines	
  

¤ 	
  Liposome-­‐based	
  drug	
  delivery	
  systems	
  are	
  able	
  to	
  modify	
  the	
  
pharmacokine'cs	
  and	
  pharmacodynamics	
  of	
  cytosta'c	
  agents,	
  
enabling	
  to	
  increase	
  the	
  concentra'on	
  of	
  the	
  drug	
  released	
  into	
  
the	
  neoplas'c	
  'ssue	
  and,	
  at	
  the	
  same	
  'me,	
  reducing	
  the	
  exposure	
  
of	
  normal	
  'ssue	
  to	
  the	
  drug.	
  

¤ There	
  are	
  several	
  liposome-­‐encapsulated	
  doxorubicin	
  formula'ons	
  
available	
  which	
  show	
  different	
  pharmacological	
  characteris'cs.	
  The	
  
most	
  commonly	
  used	
  are	
  liposomal	
  doxorubicin	
  (Myocet®,	
  LD)	
  and	
  
pegylated	
  liposomal	
  doxorubicin	
  (Caelyx®,	
  PLD).	
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6 Journal of Drug Delivery

Table 2: Trials that directly compared liposomal anthracyclines with conventional anthracyclines, either in monotherapy or combination.

Author Trial phase Treatment regimen Patients’
characteristics PFS OS RR Toxicity

O’Brien et al.
[33]

III
PLD (50mg/m2/4w)

versus
ADR (60mg/m2/3w) Stage IV

6.9m
versus
7.8m

21m
versus
22m

33%
versus
38%

Cardiac:
4.7 versus 19.6%

CHF: 0% versus 4%

Harris et al.
[34]

III
LD (75mg/m2/3w)

versus
ADR (75mg/m2/3w) Stage IV

(17% ADR previous)
3.8m
versus
4.3m

16m
versus
20m

26%
Cardiac: 13 versus 29%
CHF: 5.9 versus 15%
Billingham> 2.5:
26 versus 71%

Batist et al.
[35]

III
LD (60mg/m2) + CTX (600mg/m2)

versus
ADR (60mg/m2) + CTX (600mg/m2)

Stage IV
(10% ADR previous)

(30% CRF)

5.1m
versus
5.5m

19m
versus
16m

Cardiac: 6 versus 21%
(! < 0.05)

CRF: 0 versus 3.2%

Chan et al.
[36]

III
LD (75mg/m2) + CTX (600mg/m2)

versus
EPI (75mg/m2) + CTX (600mg/m2) Stage IV

(No ADR previous)
7.7m
versus
5.6m

18.3m
versus
16m

46 %
versus
39 %

Cardiac: 11 versus 10%
No CRF

Sparano et al.
[37]

III
Docetaxel (75mg/m2)

versus
Docetaxel (60mg/m2) + PLD (30mg/m2)

Stage IV
(100% ADR
previous)

7m
versus
9.8m

20.6m
versus
20.5m

Cardiac: 4 versus 5%
PPS: 0 versus 24%

PLD: pegylated liposomal doxorubicin; LD: liposomal doxorubicin; ADR: adriamycin; EPI: epirubicin; CTX: cyclophosphamide; PFS: progression-free
survival; OS: overall survival; RR: response rate; PPS: plantar-palmar syndrome; CHF: clinical heart failure; and CRF: cardiac risk factor.

In 2010, the Cochrane Library reported a systematic re-
view of the different anthracycline compounds and their car-
diotoxicity [48]. Studies by Harris and Batist were analyzed
together and authors concluded that nonpegylated liposomal
anthracyclines reduced the overall risk of cardiotoxicity
(RR = 0.38, ! < 0.0001) and the risk of clinical heart failure
(RR = 0.20, ! = 0.02).

Efficacy and safety of pegylated liposomal doxorubicin
(PLD) combined with other cytostatic agents were studied in
two Phase III studies.

Sparano et al. [37] randomized 751 patients previously
treated with anthracyclines (as adjuvant or neoadjuvant) with
a PFI over 12 months to receive either docetaxel 75mg/m2
(373p) or the combination of PLD 30mg/m2 plus docetaxel
60mg/m2 every 21 days (378p) until disease progression or
unacceptable toxicity occurred. Combined treatment im-
provedPFS significantly from 7.0 to 9.8months (HR 0.65; 95%
CI, 0.55 −0.77; ! < 0.00001). OS was similar: 20.6 months
in the docetaxel arm and 20.5 in the combined treatment
arm (HR 1.02; 95%CI, 0.86–1.22).The incidence of hand-foot
syndrome was higher in the combined treatment arm (24%
versus 0%) and symptomatic cardiac toxicity was similar: 4%
in the docetaxel group and 5% in the PLD-docetaxel group.

Patients with metastatic breast cancer progressing after
taxanes and anthracyclines had fewer treatment options and
often anthracyclines were not used again, due to the cumula-
tive risk of cardiotoxicity. Based on the safety and efficacy data
for PLD, a Phase III study was proposed [49] in which 301
patients with metastatic breast cancer progressing to taxanes
(<6months) were randomized to receive one of the following
three alternatives: PLD 50mg/m2 every 4 weeks (150p);
vinorelbine 30mg/m2 every week (129p); or mitomycin-C
10mg/m2, on days, on 1 and 28 plus vinblastine 5mg/m2 on

days 1, 14, 28, and 42 every 6–8 weeks (22p). 83% of patients
had received prior anthracyclines, in 10% of them cumulative
doses above 450mg/m2 had been reached. No patient treated
with PLD showed clinical symptoms of cardiotoxicity. PFS
was similar (2.86 months in the PLD group versus 2.53
months in the other two control groups) (HR 1.26; 95%
CI, 0.98–1.62). In the subgroup of patients not previously
treated with anthracyclines (44p), PFS was higher in the PLD
arm (5.8 months) compared with the control arms (2.1
months) (! = 0.01). OS was slightly higher with PLD (11
months) versus control arm (9months), albeit not statistically
significant (! = 0.93). The objective response rate was
similar: 10% for PLD versus 12% for the control arm.

More recently an Austrian observational study was pub-
lished [50] inwhich 129 patients withmetastatic breast cancer
treated with PLD were analyzed. 70% presented 2 or more
cardiovascular risk factors. Despite this, only 4% of patients
had some degree of cardiotoxicity and only 2 cases of clinical
heart failure were reported.

Alba et al. [51], on behalf of GEICAM, published a Phase
III study exploring the role of PLD as maintenance therapy.
Eligible patients had previously received a sequential scheme
based on 3 cycles of doxorubicin 75mg/m2 followed by 3
more cycles of docetaxel 100mg/m2. Patients, who had not
progressed during this first part, were randomized to receive
pegylated liposomal doxorubicin 40mg/m2 × 6 cycles or
nothing. TTP from randomization of the 155 p was 8.4 versus
5.1 months favouring the maintenance treatment arm (! =0.0002). No differences in OS were found. Six patients had
reduced LVEF ≥ 10%, 5 of them in the arm of PLD. In 2 of
the patients treated with PLD, a LVEF reduction below 50%
during treatment was found, although both recovered within
6months.There was no clinical cardiac toxicity.

RCTs	
  of	
  liposomal	
  anthracyclines	
  vs.	
  conven:onal	
  anthracyclines	
  

Lao,	
  J	
  Drug	
  Del,	
  2013	
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BACKGROUND. The objective of this study was to compare the efficacy and toxicity
of the liposome-encapsulated doxorubicin, TLC D-99 (Myocet, Elan Pharmaceuti-
cals, Princeton, NJ), and conventional doxorubicin in first-line treatment of met-
astatic breast carcinoma (MBC).
METHODS. Two hundred twenty-four patients with MBC and no prior therapy for
metastatic disease were randomized to receive either TLC D-99 (75 mg/m2) or
doxorubicin (75 mg/m2) every 3 weeks, in the absence of disease progression or
unacceptable toxicity. The primary efficacy endpoint was response rate. Responses
were assessed using World Health Organization criteria and were required to be of
at least 6 weeks’ duration. The primary safety endpoint was cardiotoxicity. Cardiac
function was monitored by multiple-gated radionuclide cardioangiography scan,
and the left ventricular ejection fraction (LVEF) was scored at a central laboratory.
Patients were removed from study if LVEF declined 20 or more EF units from
baseline to a final value of greater than or equal to 50%, or by 10 or more units to
a final value of less than 50%, or onset of clinical congestive heart failure (CHF).
RESULTS. Median age was 54 years in both treatment groups. All relevant prog-
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Reduced Cardiotoxic i ty and Preserved Ant i tumor Efficacy
of Liposome-Encapsulated Doxorubic in and

Cyclophosphamide Compared With Convent ional
Doxorubic in and Cyclophosphamide in a Randomized ,

Mult icenter Tria l o f Metastat ic Breast Cancer

By Gerald Batist, Gopal Ramakrishnan, Chandra Sekhar Rao, Aruna Chandrasekharan, John Gutheil, Troy Guthrie,
Pankaj Shah, Ali Khojasteh, Madhavan Krishnan Nair, Karen Hoelzer, Katherine Tkaczuk, Youn Choi Park,

and Lily W. Lee for the Myocet Study Group

Purpose: To determine whether Myocet (liposome-
encapsulated doxorubicin; The Liposome Company,
Elan Corporation, Princeton, NJ) in combination with
cyclophosphamide significantly reduces doxorubicin
cardiotoxicity while providing comparable antitumor
efficacy in first-line treatment of metastatic breast
cancer (MBC).

Patients and Methods: Two hundred ninety-seven
patients with MBC and no prior chemotherapy for met-
astatic disease were randomized to receive either 60
mg/m2 of Myocet (M) or conventional doxorubicin (A),
in combination with 600 mg/m2 of cyclophosphamide
(C), every 3 weeks until disease progression or unac-
ceptable toxicity. Cardiotoxicity was defined by reduc-
tions in left-ventricular ejection fraction, assessed by
serial multigated radionuclide angiography scans, or con-
gestive heart failure (CHF). Antitumor efficacy was assessed
by objective tumor response rates (World Health Organiza-
tion criteria), time to progression, and survival.

Results: Six percent of MC patients versus 21% (in-
cluding five cases of CHF) of AC patients developed
cardiotoxicity (P ! .0002). Median cumulative doxoru-
bicin dose at onset was more than 2,220 mg/m2 for MC
versus 480 mg/m2 for AC (P ! .0001, hazard ratio,
5.04). MC patients also experienced less grade 4 neu-
tropenia. Antitumor efficacy of MC versus AC was com-
parable: objective response rates, 43% versus 43%;
median time to progression, 5.1% versus 5.5 months;
median time to treatment failure, 4.6 versus 4.4
months; and median survival, 19 versus 16 months.

Conclusion: Myocet improves the therapeutic index
of doxorubicin by significantly reducing cardiotoxicity
and grade 4 neutropenia and provides comparable
antitumor efficacy, when used in combination with
cyclophosphamide as first-line therapy for MBC.

J Clin Oncol 19:1444-1454. © 2001 by American
Society of Clinical Oncology.

DOXORUBICIN IS recognized as one of the most
active drugs for breast cancer, but its clinical utility is

limited because of a cumulative dose-dependent cardiac
myopathy that can lead to potentially fatal congestive heart

failure. The mechanism of doxorubicin cardiotoxicity in-
volves the formation of a stable complex of drug with ferric
iron, which reacts with oxygen, forming superoxide anions,
hydrogen peroxide, and hydroxyl radicals. These free radi-
cals cause lipid peroxidation.1-4 The injury is initially
subclinical, but continued treatment results in progressive
myocyte damage leading to cumulative dose-dependent
cardiac dysfunction that can manifest during therapy,
months after the last anthracycline dose or even years later.5

At increased risk for doxorubicin cardiac toxicity are
patients who have received prior radiation that encompassed
the heart (eg, mediastinal irradiation)6 or prior adjuvant
anthracycline therapy, as well as the elderly7 and/or patients
with a history of cardiac disease.8 Because of doxorubicin’s
efficacy, significant research has been devoted to reducing
the cardiac toxicity of this anthracycline.
Myocet (liposome-encapsulated doxorubicin; The Lipo-

some Company, Elan Corporation, Princeton, NJ) was
designed to reduce the cardiotoxicity of doxorubicin while
preserving its antitumor efficacy. The rationale behind its
design is that intravenously injected liposomes cannot
escape the vascular space in sites that have tight capillary
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Original article

Phase III trial of liposomal doxorubicin and cyclophosphamide
compared with epirubicin and cyclophosphamide as first-line
therapy for metastatic breast cancer
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Objective: To ascertain the efficacy and tolerability of non-pegylated liposomal doxorubicin

(Myocete) and epirubicin combined with cyclophosphamide in the first-line treatment of patients

with metastatic breast cancer.

Methods: One hundred and sixty anthracycline-naı̈ve metastatic breast cancer patients were random-

ised to receive Myocet (M; 75mg/m2) or epirubicin (E; 75mg/m2) in combination with cyclopho-

sphamide (C; 600mg/m2), every 3 weeks for up to eight cycles.

Outcome measures: Response (overall response = complete + partial response rates), time to disease

progression, overall survival and cardiac function (left ventricular ejection fraction).

Results: Overall response rates were 46% and 39% for MC and EC treatment, respectively

(P= 0.42). MC was superior to EC with respect to median time to treatment failure (5.7 versus

4.4 months; P = 0.01) and median time to disease progression (7.7 versus 5.6 months; P= 0.02).

Median survival times were 18.3 and 16.0 months for MC and EC, respectively (P= 0.504). Unsur-

prisingly, given an equimolar comparison, neutropenia and stomatitis/mucositis were significantly

more common in patients who received MC. However, there was less injection site toxicity with

MC. Both treatments showed a low incidence of cardiotoxicity.

Conclusion: Myocet appears to be an acceptable alternative to epirubicin as a first-line treatment for

patients with metastatic breast cancer because it combines the dose–effect reliability of doxorubicin

with the level of safety provided by epirubicin.

Key words: cyclophosphamide, epirubicin, liposomal doxorubicin, metastatic breast cancer,

Myocete, phase III study

Introduction

Unlike most other incurable malignancies, metastatic breast

cancer is relatively responsive to chemotherapy and the natu-

ral history is relatively prolonged, with up to half of patients

living for 2 years and 10% surviving for 10 years [1]. Doxoru-

bicin is one of the most active chemotherapeutic agents for

the treatment of metastatic breast cancer, although its use is

limited by a cumulative dose-dependent cardiotoxicity that

can lead to congestive heart failure (CHF) [2–6]. As myocar-

dial injury occurs cumulatively from the first dose [7], the use

of less cardiotoxic anthracycline formulations could prevent

both early and late cardiac damage. Early injury may be sub-

clinical but could render the myocardium vulnerable to future

cardiac dysfunction.

Epirubicin, a stereoisomer of doxorubicin, is a more

recently developed anthracycline that is used increasingly in

the treatment of breast cancer. The clinically effective dose of

epirubicin is generally in the range 75–90mg/m2, while the

corresponding range for doxorubicin is 60–75mg/m2 [8], giv-

ing a dose ratio required to achieve equal efficacy of up to

1:1.5 [9–11]. It has been estimated that epirubicin is about

75% as myelotoxic and 50% as cardiotoxic at equimolar

doxorubicin doses [12].

Myocete (Elan Pharmaceuticals, Princeton, NJ, USA) is a

non-pegylated liposomal formulation of doxorubicin. It has

significantly less cardiotoxicity than doxorubicin in metastatic

breast cancer and similar anti-tumour efficacy at equimolar

doses [13, 14].

*Correspondence to: Dr Stephen Chan, Department of Clinical Oncology,
City Hospital, Hucknall Road, Nottingham NG5 1PB, UK.
Tel: +44-115-969-1169; Fax: +44-163-683-0070;
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Reduced cardiotoxicity and comparable efficacy in a phase III trial 
of pegylated liposomal doxorubicin HCl (CAELYX™/Doxil®) 
versus conventional doxorubicin for first-line treatment of 
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Background: This study was designed to demonstrate that efficacy [progression-free survival (PFS)] of
CAELYX™ [pegylated liposomal doxorubicin HCl (PLD)] is non-inferior to doxorubicin with significantly
less cardiotoxicity in first-line treatment of women with metastatic breast cancer (MBC).

Patients and methods: Women (n = 509) with MBC and normal cardiac function were randomized to
receive either PLD 50 mg/m2 (every 4 weeks) or doxorubicin 60 mg/m2 (every 3 weeks). Cardiac event rates
were based on reductions in left ventricular ejection fraction as a function of cumulative anthracycline dose.

Results: PLD and doxorubicin were comparable with respect to PFS [6.9 versus 7.8 months, respectively;
hazard ratio (HR) = 1.00; 95% confidence interval (CI) 0.82–1.22]. Subgroup results were consistent. Overall
risk of cardiotoxicity was significantly higher with doxorubicin than PLD (HR = 3.16; 95%CI 1.58–6.31;
P <0.001). Overall survival was similar (21 and 22 months for PLD and doxorubicin, respectively; HR = 0.94;
95%CI 0.74–1.19). Alopecia (overall, 66% versus 20%; pronounced, 54% versus 7%), nausea (53% versus
37%), vomiting (31% versus 19%) and neutropenia (10% versus 4%) were more often associated with
doxorubicin than PLD. Palmar-plantar erythrodysesthesia (48% versus 2%), stomatitis (22% versus 15%) and
mucositis (23% versus 13%) were more often associated with PLD than doxorubicin.
Conclusions: In first-line therapy for MBC, PLD provides comparable efficacy to doxorubicin, with signifi-
cantly reduced cardiotoxicity, myelosuppression, vomiting and alopecia.
Key words: cardiotoxicity, pegylated liposomal doxorubicin

Introduction
Anthracyclines used alone or in combination with other chemo-
therapeutic agents are among the most active therapies for the
treatment of MBC. In the adjuvant setting, anthracycline use is
also increasing [1]. While combination chemotherapy regimens in
advanced disease are prevalent, no difference in overall survival
between combination regimens versus sequential single agent
therapies in women with MBC has been observed [2, 3]. The
median survival after initiation of conventional chemotherapy in
patients with MBC is 18–24 months [4].

The clinical usefulness of doxorubicin, the most widely used
anthracycline, is limited by toxicity that may preclude adequate
dosing and rechallenge on relapse, or lead to drug resistance. High
cumulative doses of doxorubicin increase the probability of cardio-
toxicity while individual doses are often limited by myelosuppres-
sion. Alopecia, severe acute nausea and vomiting, and mucositis
are additional adverse effects of doxorubicin that may limit therapy.
Doxorubicin analogs such as epirubicin are also associated with
cardiotoxicity, alopecia, nausea and vomiting. An anthracycline
formulation with comparable efficacy and improved safety would
increase the drug’s therapeutic index and enhance its overall clinical
benefit.

Pegylated liposomal doxorubicin (PLD; CAELYX™, Schering-
Plough Corp., Kenilworth, NJ, USA/DOXIL®, ALZA, Mountain
View, CA, USA) is doxorubicin confined in liposomes that have
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A B S T R A C T

Purpose
To determine whether the combination of pegylated liposomal doxorubicin (PLD) and docetaxel
significantly prolongs time to disease progression compared with docetaxel alone without an
increase in cardiac toxicity in women with advanced breast cancer who had experienced relapse
at least 1 year after prior adjuvant or neoadjuvant anthracycline therapy.

Patients and Methods
This international, phase III study randomly assigned 751 patients to receive either docetaxel 75
mg/m2 (n ! 373) or PLD 30 mg/m2 followed by docetaxel 60 mg/m2 every 21 days (n ! 378) and
continued until disease progression or prohibitive toxicity. The primary end point was time to
progression (TTP). Secondary end points were overall survival (OS), objective response rate (ORR),
cardiac toxicity, and safety.

Results
Treatment with PLD-docetaxel significantly improved median TTP from 7.0 to 9.8 months (hazard
ratio [HR] ! 0.65; 95% CI, 0.55 to 0.77; P ! .000001) and the ORR from 26% to 35% (P ! .0085).
OS was similar between the two groups (HR ! 1.02; 95% CI, 0.86 to 1.22). The incidence of grade
3 or 4 adverse events were similar (78% v 72%), although a higher incidence of hand-foot
syndrome (24% v 0%) and mucositis/stomatitis (12% v 1%) were observed in the PLD-docetaxel
combination. Protocol-defined left ventricular ejection fraction decreases and congestive heart
failure were reported in 5% and 1% in both treatment arms, respectively.

Conclusion
The PLD-docetaxel combination was more effective than docetaxel alone in women with
metastatic breast cancer who had experienced relapse at least 1 year after prior adjuvant
anthracycline therapy without an increase in cardiac toxicity, although mucocutaneous toxicity was
more common.

J Clin Oncol 27:4522-4529. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Despite multiple available treatment options, meta-
static breast cancer is an incurable condition, with a
median survival of approximately 2 years.1-4 An-
thracyclines are among the most active cytotoxic
drugs for the treatment of both early-stage and ad-
vanced disease.5-7 However, the use of anthracy-
clines is limited by cardiac toxicity when exceeding a

cumulative lifetime dose of 500 mg/m2, particularly
among patients who already received an anthracy-
cline as part of neoadjuvant/adjuvant therapy.7-9

Pegylated liposomal doxorubicin (PLD) is a
liposomal preparation of doxorubicin that was
designed to enhance its therapeutic index by altering
its pharmacokinetic properties.10 Randomized con-
trolled studies have demonstrated that PLD has effi-
cacy comparable to that of conventional doxorubicin,
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Liposomal	
  Anthracyclines	
  and	
  Trastuzumab	
  

¤  In	
  HER2-­‐pos've	
  breast	
  cancer,	
  the	
  addi'on	
  of	
  trastuzumab	
  to	
  chemotherapy	
  
significantly	
  increases	
  response	
  rate,	
  'me	
  to	
  progression,	
  and	
  overall	
  survival	
  
compared	
  with	
  chemotherapy	
  alone.	
  However,	
  when	
  trastuzumab	
  is	
  combined	
  
with	
  anthracyclines	
  there	
  is	
  an	
  increased	
  risk	
  of	
  cardiac	
  toxicity.	
  	
  

¤  Cardiotoxicity	
  limited	
  the	
  use	
  of	
  anthracyclines	
  in	
  HER2-­‐posi've	
  breast	
  cancer,	
  
and	
  in	
  consequence	
  non-­‐anthracycline-­‐based	
  regimens	
  such	
  as	
  TCH	
  	
  were	
  
designed	
  in	
  order	
  to	
  avoid	
  late-­‐toxici'es,	
  especially	
  in	
  adjuvant	
  se8ng	
  .	
  	
  

¤  As	
  anthracyclines	
  showed	
  a	
  high	
  level	
  of	
  ac'vity	
  in	
  this	
  subgroup	
  of	
  pa'ents,	
  
other	
  strategies	
  were	
  developed	
  also	
  to	
  design	
  regimens	
  using	
  less	
  cardiotoxic	
  
anthracyclines	
  such	
  as	
  epirubicin	
  (a	
  less	
  cardiotoxic	
  analog	
  than	
  doxorubicin)	
  at	
  
limited	
  doses	
  or	
  liposomal	
  anthracyclines	
  in	
  combina'on	
  with	
  trastuzumab.	
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risk associated with adjuvant anthracycline and/or trastuzumab 
use in a population-based cohort of women with breast cancer. In 
our study, women who received anthracycline alone or anthracy-
cline plus trastuzumab were younger and had fewer comorbidities 
than women who received other chemotherapy or no chemother-
apy. These results suggest substantial individualization of adjuvant 
chemotherapy administration by age and comorbidity in commu-
nity practice. The overall risk of incident HF/CM was statistic-
ally significantly increased among women who used anthracycline 
alone compared with no chemotherapy, but the overall risk of inci-
dent HF/CM was even greater among women who used trastu-
zumab. Compared with women who received no chemotherapy, 
our hazard ratios suggest a fourfold increase in the risk of HF/CM 

among women who received trastuzumab alone and a sevenfold 
increase in the risk of HF/CM for those who received anthracy-
cline plus trastuzumab. To our knowledge, this study is the first 
to examine associations between anthracycline and/or trastuzumab 
reception and HF/CM in a cohort of breast cancer patients broader 
than Medicare-eligible women or clinical trial participants.

Consistent with previous studies, the majority of women 
65  years or older in our population received no chemotherapy 
(36). Among older women who did receive chemotherapy, most 
received agents other than anthracycline or trastuzumab. Women 
who received anthracycline alone or with trastuzumab tended to 
have lower comorbidity prevalence, based on Charlson score. On 
the other hand, the small group of women (0.9%) who received 

Figure 1. Cumulative incidence of heart failure and/or cardiomyopathy (HF/CM) in women with invasive breast cancer over 5 years by adjuvant 
chemotherapy group. Adjusted cumulative incidence of HF/CM and number of patients at risk by exposure group (anthracycline only, trastuzumab 
only, anthracycline + trastuzumab, other chemotherapy, or none) for the first 5 years of follow-up. Cumulative incidence was adjusted for Cancer 
Research Network (CRN) site (eight sites), age at diagnosis (<55, 55–64, 65–74, ≥75 years), Charlson comorbidity index (0, 1, 2, ≥3), summary stage 
at diagnosis (local vs regional), year of diagnosis (categorical for each year), and radiation treatment (yes vs no).
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Background Clinical trials demonstrated that women treated for breast cancer with anthracycline or trastuzumab are at 
increased risk for heart failure and/or cardiomyopathy (HF/CM), but the generalizability of these findings is 
unknown. We estimated real-world adjuvant anthracycline and trastuzumab use and their associations with inci-
dent HF/CM. 

 Methods We conducted a population-based, retrospective cohort study of 12 500 women diagnosed with incident, invasive 
breast cancer from January 1, 1999 through December 31, 2007, at eight integrated Cancer Research Network health 
systems. Using administrative procedure and pharmacy codes, we identified anthracycline, trastuzumab, and other 
chemotherapy use. We identified incident HF/CM following chemotherapy initiation and assessed risk of HF/CM 
with time-varying chemotherapy exposures vs no chemotherapy. Multivariable Cox proportional hazards regres-
sion models were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) with adjustment for age 
at diagnosis, stage, Cancer Research Network site, year of diagnosis, radiation therapy, and comorbidities.  

 Results Among 12 500 women (mean age = 60 years, range = 22–99 years), 29.6% received anthracycline alone, 0.9% 
received trastuzumab alone, 3.5% received anthracycline plus trastuzumab, 19.5% received other chemother-
apy, and 46.5% received no chemotherapy. Anthracycline and trastuzumab recipients were younger, with fewer 
comorbidities than recipients of other chemotherapy or none. Compared with no chemotherapy, the risk of HF/
CM was higher in patients treated with anthracycline alone (adjusted HR = 1.40, 95% CI = 1.11 to 1.76), although the 
increased risk was similar to other chemotherapy (adjusted HR = 1.49, 95% CI = 1.25 to 1.77); the risk was highly 
increased in patients treated with trastuzumab alone (adjusted HR = 4.12, 95% CI = 2.30 to 7.42) or anthracycline 
plus trastuzumab (adjusted HR = 7.19, 95% CI = 5.00 to 10.35). 

Conclusions Anthracycline and trastuzumab were primarily used in younger, healthier women and associated with increased 
HF/CM risk compared with no chemotherapy. This population-based observational study complements findings 
from clinical trials on cancer treatment safety.

  J Natl Cancer Inst 2012;104:1293–1305

Breast cancer is one of the most common cancers in the United 
States with an estimated 232  620 new diagnoses in 2011 (1). 
Chemotherapeutic regimens for invasive breast cancer in women 
include neoadjuvant or adjuvant anthracycline in combination with 
cyclophosphamide (2). A major advance in breast cancer treatment 
has been the incorporation of trastuzumab, a monoclonal anti-
body against HER2/neu. Approximately 20%–25% of women with 
breast cancer overexpress HER2 and are recommended for trastu-
zumab therapy following the completion of anthracycline therapy 
(3–5). Randomized clinical trials have demonstrated that these reg-
imens are highly effective in improving disease-free survival (6–9); 
however, side effects are not minimal.

Data from clinical trials indicate that anthracycline use is asso-
ciated with an approximate 2% increase (10–14) in heart failure 
and/or cardiomyopathy (HF/CM) incidence, and anthracycline 
followed by trastuzumab is associated with an approximate 4% 
increase (15–19). Clinical trial findings were critical in leading to 
prescribing warnings and protocols for regular cardiac function 
monitoring before and during treatment (20–22). However, trials 
typically exclude older women (eg, aged ≥ 70 years) and women 
with major comorbidities; therefore, the association between 
anthracycline and/or trastuzumab use and HF/CM in this popula-
tion is not well understood. The effectiveness of these treatments 
and risk of cardiotoxicity may differ in community practice. Three 
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Sefng	
  
Autor	
  

Treatment	
  
(dose	
  mg/m2)	
  

N.	
   RR	
  	
  
(%)	
  

PFS	
  
(months)	
  

Cardiac	
  
Toxicity	
  (%)	
  

CHF	
  
(%)	
  

MBC	
  anthra	
  pretr.	
  
 
Theodoulou 2002	
  

Myocet®70	
  q21+	
  	
  
Trastuzumab	
  (w)	
  

37	
   58	
  
	
  

nr	
   37	
  
	
  

5	
  
	
  

LABC	
  /	
  MBC	
  
chemo	
  naive	
  
	
  
Cortes	
  2009	
  

Myocet®60	
  q21+	
  
Paclitaxel	
  80	
  (w)	
  +	
  
	
  	
  Trastuzumab	
  (w)	
  +	
  

69	
   98	
   23	
   17	
   0	
  

MBC	
  1st	
  line	
  
	
  
Venturini	
  2010	
  

Myocet®50	
  q21+	
  	
  
Docetaxel	
  75	
  q21	
  +	
  
Trastuzumab	
  (w)	
  

31 66 13 10 0 

MBC	
  1st	
  line	
  
	
  
Amadori	
  2011	
  

Myocet®50	
  q21+	
  	
  
Docetaxel	
  30	
  (gg2,9)	
  
+	
  Trastuzumab	
  (w)	
  

45	
   56	
   10.9	
   4	
   0	
  

Phase	
  I/II	
  trials	
  of	
  NPLA	
  (Myocet®)	
  in	
  combina:on	
  with	
  
Trastuzumab:	
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Sefng	
  
Autor	
  

Treatment	
  
(dose	
  mg/m2)	
  

N.	
   RR	
  	
  
(%)	
  

PFS	
  
(months)	
  

Cardiac	
  
Toxicity	
  (%)	
  

CHF	
  
(%)	
  

MBC	
  anthra	
  pretr.	
  
 
Chia 2006	
  

Caelix®50	
  q28	
  +	
  	
  
Trastuzumab	
  (w)	
  

30 52 12 10 0 

MBC	
  anthra	
  pretr	
  
	
  

Andreopoulou	
  2007	
  

Caelix®40	
  q21+	
  
Trastuzumab	
  (w)	
  

12 66 nr 25 0 

MBC	
  1st	
  line	
  
	
  

S:ckeler 2009	
  

Caelix®40	
  q28+	
  	
  
Trastuzumab	
  (w)	
  

16 50 9.6 0 0 

MBC	
  1st	
  line	
  
	
  
Wolff	
  2010	
  

Caelix®30	
  +	
  	
  
Docetaxel	
  60	
  	
  q21	
  +	
  
Trastuzumab	
  (w)	
  

46 45 10.6 25 0 

Phase	
  I/II	
  trials	
  of	
  PLA	
  (Caelix®)	
  in	
  combina:on	
  with	
  
Trastuzumab:	
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Liposomal	
  Anthracyclines	
  in	
  metasta:c	
  sefng	
  

¤ 	
  In	
  pa'ents	
  with	
  metasta'c	
  breast	
  cancer,	
  liposomal	
  anthracyclines	
  
have	
  proven	
  to	
  be	
  as	
  effec've	
  and	
  less	
  toxic	
  when	
  compared	
  face	
  
to	
  face	
  with	
  conven'onal	
  anthracyclines,	
  allowing	
  a	
  longer	
  period	
  
of	
  treatment	
  and	
  a	
  higher	
  cumula've	
  dose	
  of	
  the	
  anthracyclines.	
  	
  

¤ The	
  combined	
  analysis	
  of	
  available	
  data	
  indicates	
  an	
  overall	
  
reduc'on	
  in	
  risk	
  for	
  both	
  cardiotoxicity	
  and	
  clinical	
  heart	
  failure.	
  	
  

¤ The	
  safety	
  of	
  liposomal	
  anthracyclines	
  endorsed	
  its	
  use	
  in	
  pa'ents	
  
with	
  some	
  cardiac	
  risk	
  factors.	
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Liposomal	
  Anthracyclines	
  in	
  combina:on	
  with	
  Trastuzumab:	
  

¤  	
  In	
  HER2-­‐posi've	
  breast	
  cancer,	
  the	
  addi'on	
  of	
  trastuzumab	
  to	
  chemotherapy	
  
significantly	
  increased	
  response	
  rate,	
  progression-­‐free	
  survival,	
  and	
  overall	
  survival.	
  	
  

¤  	
  Ini'al	
  studies	
  demonstrated	
  synergy	
  when	
  trastuzumab	
  was	
  combined	
  with	
  
anthracyclines,	
  but	
  their	
  excessive	
  cardiac	
  toxicity	
  limited	
  their	
  use,	
  and	
  nonanthracycline	
  
therapeu'c	
  strategies	
  were	
  therefore	
  designed.	
  

¤  Liposomal	
  anthracyclines	
  have	
  proven	
  to	
  be	
  effec've	
  and	
  safe	
  when	
  combined	
  with	
  
trastuzumab	
  both	
  in	
  advanced	
  and	
  early	
  breast	
  cancer.	
  Of	
  par'cular	
  interest	
  is	
  the	
  use	
  of	
  
the	
  combina'on	
  of	
  liposomal	
  anthracyclines	
  plus	
  trastuzumab	
  in	
  pa'ents	
  with	
  early	
  and	
  
HER2-­‐overexpressing	
  breast	
  cancer,	
  as	
  this	
  is	
  probably	
  the	
  subgroup	
  that	
  would	
  benefit	
  
most	
  from	
  a	
  treatment	
  with	
  anthracyclines.	
  	
  

¤  The	
  poten'al	
  clinical	
  benefit	
  of	
  anthracyclines	
  in	
  this	
  se8ng	
  should	
  be	
  inves'gated	
  in	
  a	
  
clinical	
  trial	
  comparing	
  a	
  regimen	
  with	
  liposomal	
  anthracyclines	
  versus	
  a	
  
nonanthracyclines	
  combina'on.	
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