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/ABSTRACT

Fn* Introduction. We report cardiac tolerability of pertuzumab

plus trastuzumab plus docetaxel versus placebo plus tras-
tuzumab plus docetaxel observed in the phase Ill study
CLEOPATRA in patients with HER2-positive first-line meta-
static breast cancer (MBC).

Patients and Methods. Left ventricular ejection fraction
(LVEF) =50% and ECOG performance status of 0 or 1 were re-
quired for study entry. During the study, LVEF assessments
took place every 9 weeks. Pertuzumab/placebo was given at
840 mg, then 420 mg g3w; trastuzumab was administered at 8
mg/kg, then 6 mg/kg q3w, and docetaxel was initiated at 75
mg/m? q3w.

Results. The incidence of cardiac adverse events (all grades)
was 16.4% in the placebo arm and 14.5% in the pertuzumab
arm, with left ventricular systolic dysfunction (LVSD, all

grades) being the most frequently reported event (8.3% ver-
sus 4.4% in the placebo and pertuzumab arm). Declines in
LVEF by =10% points from baseline and to <50% were re-
ported in 6.6% and 3.8% of patients in the placebo and pertu-
zumab arm, respectively. Seventy-two percent (placebo arm)
and 86.7% (pertuzumab arm) of those patients recovered to a
value =50%. The incidence of symptomatic LVSD was low, oc-
curring in 1.8% (n = 7) versus 1.0% (n = 4) of patients in the
placebo and pertuzumab arm. In 8/11 patients, the symptom-
atic LVSD had resolved at data cutoff.

Conclusion. The combination of pertuzumab plus trastu-
zumab plus docetaxel did notincrease the incidence of cardiac
adverse events, including LVSD, compared with the control
arm in HER2-positive MBC. The majority of cardiac adverse
events were reversible. The Oncologist 2013;18:000—000

Implications for Practice: CLEOPATRA was the first phase lll trial in which the combination of pertuzumab with trastuzumab and
docetaxel was studied in patients with HER2-positive metastatic breast cancer in the first line. As therapy with trastuzumab, es-
pecially in combination with anthracyclines, has been associated with cardiac dysfunction, it was important to investigate the
cardiactolerability of the study combination of two HER2-targeted antibodies, trastuzumab and pertuzumab, with docetaxel. Our
analyses showed that the combination of pertuzumab, trastuzumab, and docetaxel was notassociated with anincrease in cardiac
dysfunction, especially LVSD, compared with placebo, trastuzumab and docetaxel. Cardiac adverse events were largely re-
versible and clinically manageable. Despite our encouraging findings, we recommend the regular cardiac monitoring of patients
AQ:A while long-term safety data with pertuzumab-trastuzumab-based treatment are still being accrued in clinical practice.

INTRODUCTION

The addition of trastuzumab to chemotherapy significantly
improved survival outcomes in patients with human epi-
dermal growth factor receptor 2 (HER2)-positive breast
cancer [1-4]. Increased rates of cardiac dysfunction with
trastuzumab [1] were an unexpected observation and led
to the formation of an independent cardiac review and

evaluation committee that retrospectively reviewed seven
phase Il and Il trials with trastuzumab [5]. Patients receiv-
ing trastuzumab, particularly when given in combination
with anthracyclines, were found to be at increased risk of
cardiac dysfunction [5]. These findings influenced the de-
sign of subsequent trials, in which left ventricular ejection
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fraction (LVEF) was monitored more frequently, concomi-
tant use of trastuzumab and anthracyclines was avoided,
and more rigorous cardiac eligibility criteria were applied
[5, 6].

Cardiacdysfunction ascribed to trastuzumab seems to dif-
fer from that related to anthracyclines [7], which is dose-de-
pendent[8, 9], induced by oxidative stress leading to myocyte
cell death, and considered to be irreversible [10—13]. Trastu-
zumab-related cardiac dysfunction, on the other hand, is
dose-independent and reversible in the majority of patients
after discontinuation of trastuzumab and initiation of cardiac
medication [5, 14—-17]. Many patients are able to resume tras-
tuzumab therapy after recovery fromtheir transientdeclinein
systolic function [18, 19]. Trastuzumab-associated cardiac
dysfunction is believed to be related to HER2 expression on
cardiomyocytes. HER2 is essential for cardiac development, as
well as repair and survival of cardiomyocytes [20—-24], path-
ways possibly impaired by trastuzumab.

As new anti-HER2 therapies enter the clinic, itisimportant
to gauge their potential effect on cardiac function. Among
them is pertuzumab, another humanized monoclonal anti-
body, targeting HER2 at a different epitope from trastuzumab,
resulting in inhibition of HER2 heterodimerization [25-27]. In
carefully selected patients, pertuzumab used alone orin com-
bination with trastuzumab or nonanthracycline-based che-
motherapy was associated with a low incidence of left
ventricular systolic dysfunction (LVSD) [28].

CLEOPATRA (NCT00567190) was arandomized, double-
blind, placebo-controlled phase Ill trial to compare the ef-
ficacy and safety of pertuzumab plus trastuzumab plus
docetaxel with placebo plus trastuzumab plus docetaxel in
patients with HER2-positive metastatic breast cancer re-
ceivingfirst-line treatment. Pertuzumab, trastuzumab, and
docetaxel significantly improved median progression-free
survival by 6.1 months and resulted in a significant im-
provement in overall survival, with the safety profile being
generally similar in both arms [29, 36]. Based on the study
results, pertuzumab in combination with trastuzumab and
docetaxel received FDA approval for treatment of HER2-
positive first-line metastatic breast cancer in June 2012.
This report details analyses of cardiac tolerability observed
in CLEOPATRA.

PATIENTS AND METHODS

The study was conducted in accordance with the guidelines
for Good Clinical Practice and the Declaration of Helsinki. Pro-
tocol approval was obtained from anindependent ethics com-
mittee for each site, and written informed consent was
obtained from each participant.

Eligibility Criteria

Eligible patients had locally recurrent, unresectable, or meta-
static HER2-positive breast cancer [29]. At baseline, an LVEF of
=50%, determined by echocardiography (ECHO; preferred
method) or multiple-gated acquisition scanning (MUGA), and
an Eastern Cooperative Oncology Group (ECOG) performance
status [30] of Oor 1 were required. Patients may have received
neoadjuvant and adjuvant chemotherapy with or without
trastuzumab (Herceptin, F. Hoffmann-La Roche, Basel, Swit-
zerland; Genentech Inc., South San Francisco, CA). Exclusion
criteriaincluded: prior exposure to a cumulative dose of doxo-
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rubicin of >360 mg/m? or its equivalent; LVEF decline to
<50% during or after prior trastuzumab therapy; history of
congestive heart failure (CHF); history of serious cardiac ar-
rhythmia requiring treatment; history of myocardial infarc-
tion within 6 months of randomization; current uncontrolled
hypertension; and current dyspnea at rest, or other diseases
that require continuous oxygen therapy.

Study Treatment

Study drugs were administered intravenously on a 3-week
schedule. Patients received pertuzumab (Perjeta, F. Hoff-
mann-La Roche, Basel, Switzerland; Genentech Inc., South
San Francisco, CA) or placebo at an initial dose of 840 mg, fol-
lowed by 420 mg. Trastuzumab was given ataninitial dose of 8
mg/kg, followed by 6 mg/kg. Pertuzumab/placebo and trastu-
zumab were given until disease progression as assessed by the
investigator or unacceptable toxicity; dose modifications
were not permitted. Docetaxel (Taxotere, Sanofi-Aventis,
Paris, France) was administered at 75 mg/m?; dose escalation
to 100 mg/m? was allowed if the patient tolerated at least one
cycle of 75 mg/m? without experiencing febrile neutropenia,
grade 4 neutropenia for >5 days, an absolute neutrophil
count of <100/uL for >1 day, or other grade =3 nonhemato-
logic toxicities. At least six cycles of docetaxel were recom-
mended; fewer cycles were allowed for unacceptable toxicity
or disease progression, and more cycles were allowed at the
discretion of the investigator. Docetaxel dose reductions by
25% to 55 mg/m? (or 75 mg/m?) were allowed to manage tox-
icity.

Cardiac Monitoring

LVEF was assessed at baseline, 9-weekly during study treat-
ment, at treatment discontinuation, every 6 months in the
first year after discontinuation, and annually thereafter for up
to 3 years. The same method of LVEF assessment, ECHO or
MUGA, was to be used throughout the study for an individual
patient and, to the extent possible, to be obtained using the
same equipment. Supplemental online Figure 1 presents the
study treatment algorithm based on LVEF assessments. Pa-
tients for whom study treatment was permanently discontin-
ued because of LVEF decline continued LVEF assessments at
least every 3 months until the LVEF values improved to =50%
or until 1 year after treatment discontinuation. Thereafter,
LVEF assessments were performed annually for up to 3 years
after treatment discontinuation.

Adverse events (AEs) were monitored continuously and
graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE) v3.0.
Asymptomatic declines in LVEF were reported as AE only if
the decline was =10% points from baseline and to <50%,
orifitrequiredtreatmentorledto discontinuation of study
treatment. Asymptomatic LVEF declines of either <10%
points from baseline or to a value =50% were neither re-
ported as AE, nor did they result in treatment discontinua-
tion, but were collected as LVEF data only. Grade 3 LVSD
was defined as either symptomatic CHF responsive tointer-
vention, or LVEF 20%—39%. Grade 4 LVSD was defined as re-
fractory CHF or poorly controlled; or LVEF <20%; or
intervention such as ventricular assist device, ventricular
reduction surgery, or heart transplantindicated. An AE was
reported as serious AE (SAE) if it was either fatal; life-
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Table 1. Cardiacdisorders (NCI-CTCAE v3.0, grades 1-5)

Placebo + trastuzumab + Pertuzumab + trastuzumab +

docetaxel (n = 397) docetaxel (n = 407)
Adverse event (n, %) All grades Grade 23 All grades Grade 23
LVSD 33(8.3) 11 (2.8) 18° (4.4) 5(1.2)
Tachycardia 12 (3.0) 0(0.0) 10 (2.5) 0(0.0)
Palpitations 10 (2.5) 0 (0.0) 11° (2.7) 0 (0.0)
Pericardial effusion 6 (1.5) 0 (0.0) 5%(1.2) 0 (0.0)
Bradycardia 1(0.3) 0 (0.0) 4 (1.0) 0 (0.0)
Sinus tachycardia 2 (0.5) 0 (0.0) 3(0.7) 0 (0.0)
Arrhythmia 1(0.3) 0 (0.0) 2 (0.5) 0(0.0)
Atrial fibrillation 3(0.8) 0(0.0) 0(0.0) 0(0.0)
Cardiomegaly 1(0.3) 0 (0.0) 2 (0.5) 0 (0.0)
Diastolic dysfunction 1(0.3) 0 (0.0) 2 (0.5) 0 (0.0)
Angina pectoris 1(0.3) 0 (0.0) 1(0.2) 0 (0.0)
Mitral valve incompetence 0 (0.0) 0 (0.0) 2 (0.5) 0 (0.0)
Myocardial infarction 2 (0.5) 2 (0.5) 0 (0.0) 0 (0.0)
Sinus bradycardia 0 (0.0) 0 (0.0) 2 (0.5) 0 (0.0)
Supraventricular extrasystoles 1(0.3) 0 (0.0) 1(0.2) 0 (0.0)
Tachyarrhythmia 2 (0.5) 0 (0.0) 0 (0.0) 0 (0.0)
Ventricular extrasystoles 1(0.3) 0 (0.0) 1(0.2) 0 (0.0)
Atrial thrombosis 0 (0.0) 0 (0.0) 1(0.2) 0 (0.0)
Bundle branch block right 0 (0.0) 0 (0.0) 1(0.2) 0 (0.0)
Congestive cardiac failure 0 (0.0) 0 (0.0) 1(0.2) 0 (0.0)
Cardiovascular insufficiency 0 (0.0) 0 (0.0) 1(0.2) 0 (0.0)
Extrasystoles 0 (0.0) 0 (0.0) 1(0.2) 0 (0.0)
Myocardial ischemia 1(0.3) 1(0.3) 0 (0.0) 0 (0.0)
Pericarditis 1(0.3) 1(0.3) 0(0.0) 0(0.0)
Supraventricular tachycardia 0 (0.0) 0 (0.0) 1(0.2) 0 (0.0)
Tricuspid valve incompetence 0 (0.0) 0 (0.0) 1(0.2) 0 (0.0)
Ventricular arrhythmia 0 (0.0) 0 (0.0) 1(0.2) 0 (0.0)
Ventricular fibrillation 0 (0.0) 0 (0.0) 1(0.2) 1(0.2)
Total patients with =1 adverse event 65 (16.4) 15 (3.8) 59 (14.5) 6 (1.5)
Total number of adverse events 79 15 73 6

#Assessment of NCI-CTCAE grade was missing for one patient.

Abbreviations: LVSD, left ventricular systolic dysfunction; NCI-CTCAE, National Cancer Institute common terminology criteria for adverse events.

threatening; required in-patient hospitalization or prolon-
gation of existing hospitalization; resulted in persistent or
significant disability/incapacity; was a congenital anomaly;
orwas medicallysignificantor required intervention to pre-
vent any of the aforementioned criteria. Symptomatic
LVSD was reported as an SAE and led to discontinuation of
study treatment.

Cardiac AEs ongoing at study discontinuation were fol-
lowed until resolution or stabilization up to 1 year after the fi-
nal dose. Patients with cardiac AEs that started up to 1 year
afterthe final study dose were followed until resolution or sta-
bilization up to 1 year after onset. Events of symptomatic LVSD
that started up to 3 years after the final dose were followed
until resolution, stabilization, confirmation by the investigator
that no furtherimprovement could be expected, or until com-
pletion of survival follow-up. Treatment-related SAEs were to
be reported at any time regardless of the start date and were
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followed until resolution or stabilization up to 1 year after
onset.

Statistical Methods

AEs were reported and summarized for descriptive purposes
only. Thetimetofirst LVSD event was evaluated by the Kaplan-
Meier approach. A Coxregression analysis of time to first LVSD
event was performed to investigate predefined potential risk
factors for cardiac dysfunction: prior anthracycline exposure;
prior radiotherapy; prior trastuzumab therapy; age; smoking
history; and underlying conditions of diabetes and hyperten-
sion. The baseline LVEF value and the maximum absolute de-
crease (or minimum absolute increase if all of the patient’s
post-baseline LVEF measurements were higher than at base-
line) in LVEF measurement from baseline were summarized.
The difference in the maximum absolute decrease in LVEF
measurement between both arms was assessed by the Wil-
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Figure 1. Mean LVEF over time. The graph has been truncated when numbers fall below 10 per arm.
Abbreviations: D, docetaxel; LVEF, left ventricilar ejection fraction; Pla, placebo; Ptz, pertuzumab; T, trastuzumab.

coxon Rank Sum Test. The time to first decrease in LVEF to a
value <50% and by =10% points from baseline was summa-
rized by treatment arm using the Kaplan-Meier approach. A
cumulative incidence analysis was performed on the time to
firstdecreasein LVEF to <50%and by =10% points from base-
line, with death as a competing risk event.

RESULTS

Study Population
Between February 2008 and July 2010, 808 patients were en-
rolled at 204 centers in 25 countries and randomized to re-
ceive placebo plus trastuzumab plus docetaxel (n = 406) or
pertuzumab plus trastuzumab plus docetaxel (n = 402). Two
patientsin each arm did not receive any treatment. In the pla-
cebo arm, eight patients received at least one dose of pertu-
zumab. In the pertuzumab arm, one patient received
treatment allocated to the placebo arm only. The safety popu-
lation therefore comprised 397 patients in the placebo arm and
407 patientsin the pertuzumab arm (supplemental online Fig. 2).
The data cutoff date for the primary analysis was in May 2011.
Baseline characteristics were similar in the safety popula-
tion of both arms; slightly more patients in the pertuzumab

arm presented with ECOG performance status of 0 (68.3% vs.
60.7% in the placebo arm).

Cardiac Adverse Events

Theincidence of cardiac AEs (all grades) was 16.4% (n = 65) in
the placebo arm and 14.5% (n = 59) in the pertuzumab arm
(Table 1). The most frequently reported cardiac AE was LVSD
(all grades), which was more common in the placebo arm
(8.3%, n = 33) compared with the pertuzumab arm (4.4%, n =
18), and which led to a delay of study treatment in 10 patients
in the placebo arm and four patients in the pertuzumab arm.
The proportion of patients experiencing a cardiac AE of grade
=3 was higherin the placebo arm (3.8%, n = 15) than the per-
tuzumab arm (1.5%, n = 6) (Table 1). LVSD was the most com-
monly reported grade =3 cardiac AE and was more frequent
in the placebo arm (2.8%, n = 11) than the pertuzumab arm
(1.2%, n = 5). The proportion of patients who experienced se-
rious cardiac AEs, including symptomatic LVSD, atrial fibrilla-
tion, myocardial infarction, and ventricular fibrillation, was
higher in the placebo arm (3.3%, n = 13) compared with the
pertuzumab arm (1.2%, n = 5). Two patients in the placebo
arm died as a result of myocardial infarction.

Table 2. LVEF decline of =10% points from baseline to an absolute value <<50% and recovery to =50%

Pertuzumab + trastuzumab +
docetaxel (n = 407)

Placebo + trastuzumab +
docetaxel (n =397)

Patients with post-baseline LVEF assessment (n)

LVEF decline to <50% and by =10% points from baseline (n/N, %)
LVEF recovered to =50% on treatment® (n/N, %)

LVEF recovered to =50% after stopping treatment® (n/N,%)

Total number of patients with LVEF recovery to =50% (n/N, %)

379 393
25/379 (6.6) 15/393 (3.8)
12/25 (48.0) 6/15 (40.0)

6/25 (24.0) 7/15 (46.7)

18/25 (72.0) 13/15 (86.7)

2“On treatment” is defined as on or before the day of the latest assessment date within 42 days after the last valid assigned study treatment.
b“After stopping treatment” is defined as after the day of the latest assessment date within 42 days after the last valid assigned study treatment.

Abbreviation: LVEF, left ventricular ejection fraction.
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Figure 2. Cumulative incidence of time to first decrease in LVEF by =10% points from baseline and to a value <50% with death as a

competing risk event.

Abbreviations: D, docetaxel; LVEF, left ventricilar ejection fraction; Pla, placebo; Ptz, pertuzumab; T, trastuzumab.

LVEF Measurements

In both arms, LVEF was assessed by ECHO only in 77% of pa-
tients; by MUGA only in 18% of patients; and by both ECHO
and MUGA in 5% of patients. The mean LVEF at baseline was
65.6% in the placebo arm and 64.8% in the pertuzumab arm
(range 50%—88% in both arms). For 25.6% of patients in the
placebo arm and for 29.4% of patients in the pertuzumabarm,
at least one LVEF assessment was missing or not performed
within the protocol-specified 9-week interval. Mean LVEF val-
ues remained generally stable over the treatment period in
both arms (Fig. 1). It should be noted that, at later cycles, the
number of patients with LVEF assessment was low, and that
graphs have been truncated when patient numbers fall below
10 per arm. In 84.2% of patients in both arms, the final treat-
ment value (the last available LVEF value up to the end of the
study treatment period) was almost unchanged compared
with baseline (no change, increase, or decrease from baseline
by <<10% points). The overall incidence of clinically significant
declines in LVEF (=10% points from baseline to an absolute
value <50%) was low, although higher in the placebo arm
(6.6%, n = 25) than the pertuzumab arm (3.8%, n = 15) (Table

Table 3. LVSD (grading according to NCI-CTCAE v3.0)

2). The LVEF value recovered to =50% in 72.0% (18/25, pla-
cebo arm) and 86.7% (13/15, pertuzumab arm) of those pa-
tients. Six patients (three in each arm) experienced an LVEF
decline to <40% at any time during the study. The analysis of
the cumulative incidence rate of first decline in LVEF to an ab-
solute value <50% and by =10% points from baseline, con-
trolling for the competing risk of death, demonstrated no
difference between arms (Fig. 2).

LVSD

Asymptomatic LVSD (grades 1-3) was reported for 26 patients
(6.5%) in the placebo arm and 14 patients (3.4%) in the pertu-
zumab arm. Two patients in each arm discontinued study
treatment as a result of asymptomatic LVSD. More patients
experienced symptomatic LVSD in the placeboarm (1.8%, n =
7) compared with the pertuzumab arm (1.0%, n = 4) (Table 3).
All of these events were considered possibly related to study
treatment and were reported as SAEs. Of the 11 symptomatic
LVSD events, 10 led to discontinuation of study medication
(6/7 patients, placebo arm; 4/4 patients, pertuzumab arm).
One patientin the placebo arm discontinued study treatment

Placebo + trastuzumab +

Pertuzumab + trastuzumab +

LVSD (n, %) docetaxel (n =397) docetaxel (n = 407)
All grades 33 (8.3) 18° (4.4)
Grade 2 15 (3.8) 10 (2.5)
Grade =3° 11 (2.8) 5(1.2)
Symptomatic LVSD? 7 (1.8) 4 (1.0)

2All symptomatic LVSD events (n = 11) were reported as LVSD grade =3. However, there were five patients with LVSD grade 3 (placebo arm: n = 4;
pertuzumab arm: n = 1) that was not deemed to be symptomatic by the investigator.

bAssessment of NCI-CTCAE grade was missing for one patient.

Abbreviations: LVSD, left ventricular systolic dysfunction; NCI-CTCAE, National Cancer Institute common terminology criteria for adverse events.
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T4

because of disease progression, which was diagnosed at the
same time. The most common symptoms of LVSD were dys-
pnea on exertion (five patients in the placebo arm, four pa-
tients in the pertuzumab arm), cough (three patients in the
placebo arm), and fatigue (two patients in the placebo arm,
one patient in the pertuzumab arm). Ten of 11 patients who
developed symptomatic LVSD received cardiac medication;
one patient in the placebo arm was not treated for the event
(supplemental online Table 1). At the time of data cutoff,
symptomatic LVSD had resolved in 8/11 patients (5/7 in the
placebo arm, 3/4 in the pertuzumab arm). None of the LVSD
events was fatal.

Analysis of time to first LVSD event (all grades, n = 51) in-
dicated a lower risk of LVSD event for patients in the pertu-
zumab arm [hazard ratio (HR), 0.42; 95% confidence interval
(CI),0.241t0 0.76; p = .0036] (supplemental online Table 2).

Risk Factors for Development of LVSD

Theincidence of potential risk factors for LVSD at baseline was
compared among patients who developed symptomatic LVSD
(n = 11) and the overall patient population (Table 4). Patients
who developed symptomatic LVSD had a higher incidence of
previous anthracycline therapy and radiotherapy. Although
prior radiotherapy was not a stratification factor, there was no
imbalance between treatment arms, with 43% of patients in
eacharm (170/397 vs. 175/407) having received radiotherapy
before study entry. For patients who developed symptomatic
LVSD (sevenin the placebo arm, fourin the pertuzumab arm),
the side of the chest exposed to radiation was investigated.
Prior radiotherapy to the right breast/chest wall was received
by two patients in each arm. Prior radiotherapy to the left
breast/chest wall was received by one patient in the placebo
arm and two patients in the pertuzumab arm. For one patient
with symptomatic LVSD in the placebo arm, the side of radia-
tion was not specified; three patients had not received prior
radiotherapy. Prior therapy with anthracyclines in the neoad-
juvant and adjuvant setting was received by 40.1% (159/397,
placebo arm) and 37.8% (154/407, pertuzumab arm) of pa-
tients. In these patients, the median cumulative dose of doxo-
rubicin (or its equivalent) was 240 mg/m? (range 25—-600 mg/
m?)inthe placeboarmand 240 mg/m? (range 38-480 mg/m?)
in the pertuzumab arm. In the placebo arm, 5/7 patients who
developed symptomatic LVSD had been previously treated
with anthracyclines; the median cumulative doxorubicin (or
equivalent) dose was 240 mg/m? (range 37.5-360 mg/m?). In
the pertuzumab arm, 3/4 patients who developed symptom-
atic LVSD had been exposed to anthracyclines, with a median
cumulative doxorubicin (or equivalent) dose of 300 mg/m?
(range 270-360 mg/m?). It should be noted, however, that
the low number of patients with symptomatic LVSD (n = 11)
limits the interpretation of potential risk factors at baseline for
development of symptomatic LVSD. A univariate Cox regres-
sionanalysis was performed to assess the influence of the pre-
defined potential risk factors, prior anthracycline exposure,
prior radiotherapy, prior trastuzumab therapy, age, smoking
history, and underlying conditions of diabetes and hyperten-
sion, on the time to LVSD (all grades, n = 51). Prior anthracy-
cline exposure (HR, 2.21; 95% Cl, 1.27 to 3.86; p = .0053) and
prior radiotherapy (HR, 2.43; 95% Cl, 1.37 to 4.31; p = .0025)
wereidentified as potentiallyimportantrisk factors forthe de-
velopment of LVSD irrespective of treatment. These two sig-
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nificant risk factors had no influence on the overall analysis of
the time to first LVSD event, with an HR of 0.44 when control-
ling for prior anthracycline therapy and 0.43 when controlling
for prior radiotherapy (supplementary online Table 2). None
of the other predefined potential risk factors, including prior
therapy with trastuzumab, was significantly associated with
the development of LVSD.

DISCUSSION

CLEOPATRA was the first phase Il study of the combination
of two anti-HER2-targeted antibodies, pertuzumab and
trastuzumab, with docetaxel in HER2-positive first-line
metastatic breast cancer. The overall incidence of cardiac
AEs was low; importantly, the combination of pertuzumab
with trastuzumab and docetaxel did not increase the inci-
dence of cardiac AEs compared with the placebo arm. Prior
neoadjuvant and adjuvant therapy with trastuzumab was
not found to be significantly associated with the develop-
ment of LVSD. Even with these encouraging findings in
CLEOPATRA, routine cardiac monitoring of patients should
be performed in clinical practice. Measurement of LVEF is
recommended before starting the regimen of pertuzumab,
trastuzumab, and docetaxel, followed by repeat LVEF as-
sessments at regular 3-month intervals during treatment.
However, the optimal schedule of such monitoring in clini-
cal practiceremainsto be established, as doesthe potential
benefit to patients of long-term scrutiny of cardiac func-
tion, especially in view of the imperfect predictive value of
commonly used parameters of systolic contractility (i.e.,
cardiac ultrasound [ECHO] and multigated [MUGA] blood-
pool imaging). As additional data regarding the long-term
cardiac safety of trastuzumab and pertuzumab become
available, the need for cardiac monitoring using parame-
ters of cardiac dysfunction as well as newer modalities such
as biomarkers should be reassessed; this is an important
consideration at a time when health care expenditures are
of concern.

Compared with historic data, the incidence of cardiac
dysfunction reported in either arm in CLEOPATRA was not
increased [5]. In the pivotal phase Il study in patients with
HER2-positive metastatic breast cancer receiving trastu-
zumab-based therapy in the first-line setting, asymptom-
aticand symptomatic cardiac dysfunction were reported in
13% of patients who received trastuzumab in combination
with paclitaxel; in 2% of patients, those events were NYHA
class lll or IV [1]. In a small phase Il study (N = 11) of the
combination of pertuzumab and trastuzumab in patients
with HER2-positive metastatic breast cancer whose disease
had progressed on priortrastuzumab-based therapy for ad-
vanced disease, six patients developed LVSD, which was
symptomatic in one of these patients [31]. All six patients
had received prior anthracycline therapy. This high inci-
dence of cardiac dysfunction was not confirmed in subse-
quent studies with the pertuzumab-trastuzumab com-
bination in advanced [32, 33] or early breast cancer [34].
Another study in the neoadjuvant setting showed that per-
tuzumab and trastuzumab, given concurrently or sequen-
tially with an anthracycline-based chemotherapy
regimen, or concurrently with a carboplatin-based chemo-
therapy regimen, result in a low incidence of LVSD [35].
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Table 4. Comparison of risk factors between patients who developed symptomatic LVSD and the overall patient population

Patients who developed symptomatic LVSD
(both arms combined) (n = 11)

Entire study population
(both arms combined) (n = 808)

Age, years

Median (range) 55.0 (38-82) 54.0 (22-89)

>75 years (n, %) 1(9.1) 19 (2.4)
Weight (kg)

Median (range) 72.0 (60-85) 64.9 (39-142)
Baseline LVEF (%)

Median (range) 64.0 (50-85) 65.0 (50-88)
Past or current smoker (n, %) 3(27.3) 179 (22.2)
Hypertension (n, %) 3(27.3) 207 (25.6)
Diabetes mellitus (n, %) 0 (0.0) 52 (6.4)
Prior anthracyclines (n, %) 8(72.7) 314 (38.9)
Prior radiotherapy (n, %) 8(72.7) 346 (42.8)

Abbreviations: LVEF, left ventricular ejection fraction; LVSD, left ventricular systolic dysfunction.
Taken together, CLEOPATRA and other studies using the AUTHOR CONTRIBUTIONS
pertuzumab_traStuzumab combination do not give evi- Conception/Design: Sandra M. Swain, Javier Cortés, Graham Ross, José

dence that pertuzumab has an additive effect on cardiac
dysfunction when combined with trastuzumab-based
therapy.

In conclusion, the safety profile of the pertuzumab plus
trastuzumab plus docetaxel regimen reported in CLEOPATRA,
in addition to that seen in previous studies [28], together with
the superior efficacy of the antibody combination, are encour-
aging, particularly with regard to an ongoing phase Il study of
pertuzumab and trastuzumab with standard chemotherapyin
the adjuvant setting of HER2-positive early breast cancer
(APHINITY; NCT01358877).
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