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ABSTRACT

Introduction.We report detailed safety analyses by geo-
graphic region from the phase III study CLEOPATRA with
pertuzumab, trastuzumab, and docetaxel in patients with
human epidermal growth factor receptor 2 (HER2)-positive
first-line metastatic breast cancer.
Patients and Methods. Patients received pertuzumab/
placebo at 840mg in cycle 1 and 420mg in subsequent cycles,
and trastuzumab at 8 mg/kg in cycle 1 and 6 mg/kg in
subsequent cycles; docetaxel was initiated at 75 mg/m2. All
study drugs were given intravenously, 3 times weekly.
Results. Docetaxel dose reductions below 75mg/m2weremore
commoninpatientsfromAsia(47.0%)thanotherregions(13.4%);
docetaxel dose escalations to 100 mg/m2 were less frequent in
Asia (2.4%) than other regions (18.7%). Rates of edema (26.1%
and5.4%forAsiaandotherregions, respectively),myalgia(42.3%,
14.7%), nail disorder (39.9%, 15.1%), febrile neutropenia (18.6%,

7.1%),upperrespiratorytract infection(25.7%,10.2%),decreased
appetite (47.0%, 19.1%), and rash (44.3%, 22.0%) were at least
twice as high in Asia as in other regions. Adverse events did not
result in a reduction in the median number of study treatment
cycles administered in patients from Asia. Efficacy analyses per
region showed hazard ratios similar to those of the whole
intention-to-treat (ITT) population for progression-free survival
(ITT: 0.63; Asia: 0.68; other regions: 0.61) andoverall survival (ITT:
0.66; Asia: 0.64; other regions: 0.66).
Conclusion. Despite a higher proportion of docetaxel dose
reductions in patients from Asia, survival benefits were
comparable between regions. The benefit-risk profile of
pertuzumab, trastuzumab, and docetaxel supports this
regimen as the first-line therapy for patients with HER2-
positive metastatic breast cancer from all geographic regions.
The Oncologist 2014;19:693–701

Implications for Practice: In the CLEOPATRA study, pertuzumab plus trastuzumab and docetaxel significantly improved overall
survival over trastuzumab and docetaxel in human epidermal growth factor receptor 2 (HER2)-positive metastatic breast cancer
(MBC).Overall, patients fromAsia experiencedmore toxicities thanpatients fromother regions.Themediannumberof treatment
cycles was not reduced in patients from Asia, but the docetaxel dose was reduced in almost 50% of these patients. These dose
adjustments did not affect efficacy; therefore, dose reduction in the second or subsequent cycles for patients with significant
toxicity should be considered.We recommend pertuzumab plus trastuzumab and docetaxel in patients with HER2-positive MBC
irrespective of geographic region.

INTRODUCTION

Approximately 20% of breast cancers are characterized by
amplification and/or overexpression of human epidermal
growth factor receptor 2 (HER2) [1], which has an adverse

effect on prognosis compared with HER2-normal breast
cancers [2]. Combining chemotherapy with agents that
specifically target HER2 can significantly improve survival
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outcomes in patients with HER2-positive breast cancer
[3–8].

In the phase III study CLEOPATRA, trastuzumab and
docetaxel were combined with the novel HER2-targeted
humanized monoclonal antibody pertuzumab for the treat-
ment of patients with HER2-positive metastatic breast cancer
who had not received chemotherapy or biologic therapy for
metastatic disease. Compared with trastuzumab plus doce-
taxel, the combination of pertuzumab with trastuzumab and
docetaxel resulted in statistically significant and clinically
meaningful improvements in progression-free survival [9] and
overall survival [10]. The combination of pertuzumab with
trastuzumab and docetaxel did not raise any new safety
concerns; however, the incidence of febrile neutropenia was
increased in patients from Asia receiving treatment in the
pertuzumab arm compared with other geographic regions.
Among patients from Asia, 12% in the placebo arm and 26%
in the pertuzumab arm experienced febrile neutropenia,
whereas in all other geographic regions the incidencewas 10%
or less in either treatment arm [9]. Further analyses showed
that no events of febrile neutropenia were reported after the
discontinuation ofdocetaxel [11].These observations led us to
analyze in more detail the safety profile in patients from Asia
compared with all other geographic regions and the exposure
of patients to docetaxel.

PATIENTS AND METHODS

Study Design and Treatment
Study details have been described previously [9, 10].
CLEOPATRA was a randomized, double-blind, placebo-
controlled, international phase III trial designed with two
treatment arms: placebo, trastuzumab (Herceptin; F.
Hoffmann-La Roche, Basel, Switzerland, http://www.roche.
com), and docetaxel (Taxotere; Sanofi-Aventis, Paris, France,
http://en.sanofi.com) (referred to as placebo arm); and
pertuzumab (Perjeta; F. Hoffmann-La Roche), trastuzumab,
and docetaxel (referred to as pertuzumab arm). Treatment
allocation was stratified by geographic region (Asia, Europe,
North America, and South America) and prior treatment
status (neoadjuvant and/or adjuvant treatment received
or not). Primary endpoint was independently assessed
progression-free survival. Secondary endpoints included
overall survival, progression-free survival by investigator
assessment, objective response rate, and safety.

Studydrugswereadministered intravenouslyona3-week
schedule. Pertuzumab/placebo was given at 840 mg in cycle
1, followed by 420mg in subsequent cycles.Trastuzumabwas
given at 8 mg/kg in cycle 1 and at 6 mg/kg in subsequent
cycles. Dose modifications of pertuzumab and trastuzumab
were not permitted. Pertuzumab/placebo and trastuzumab
were administered until investigator-assessed disease pro-
gression or unmanageable toxicity. Docetaxelwas initiated at
75 mg/m2. At the discretion of the treating physician, the
docetaxel dose could be increased to 100mg/m2 for patients
who had tolerated at least one cycle of 75 mg/m2. Per
protocol, the treating physician could reduce the docetaxel
doseby 25% from75 to55mg/m2or from100 to 75mg/m2 to
manage febrile neutropeniaorneutrophil counts,500/mm3

for .1 week, platelet count ,100,000/mm3, or severe or

cumulative cutaneous reactions. Re-escalation of the doce-
taxel dose was not permitted. Use of granulocyte-colony-
stimulating factors (G-CSFs) was allowed as primary pro-
phylaxis and for the treatment of febrile neutropenia,
according to local practice and guidelines from the American
Society of Clinical Oncology [12]. Docetaxel dose reductions
were the preferred measure for prevention of febrile
neutropenia in subsequent cycles; however, secondary pro-
phylaxis with G-CSFs was also allowed.The administration of
docetaxel could be delayed because of toxicities. If docetaxel
was delayed for more than 3 weeks without recovery, the
patient was withdrawn from docetaxel treatment. On or
before cycle 6, docetaxel was discontinued only for disease
progression or unmanageable toxicity. After cycle 6, contin-
uation of docetaxel was at the discretion of the patient and
treating physician.

The study was conducted according to Good Clinical
Practice and the Declaration of Helsinki. Protocol approval
was obtained from independent ethics committees at each
participating site. All patients provided written informed
consent.

Eligibility Criteria
Patients with HER2-positive locally recurrent, unresectable,
or metastatic breast cancer who had not received prior
chemotherapy or biologic therapy for their advanced disease
were eligible. Further inclusion criteria weremeasurable and/
or nonmeasurable disease, a baseline left ventricular ejection
fraction (LVEF) of at least 50%, an Eastern Cooperative
Oncology Group performance status of 0 or 1, and a disease-
free intervalofat least12months.Amongtheexclusioncriteria
weredecline inLVEF tobelow50%duringorafterprior therapy
with trastuzumab, prior exposure to a cumulative dose of
doxorubicin (or its equivalent) of more than 360 mg/m2, and
history of congestive heart failure.

Assessments
Adverse events were monitored continuously and graded
according to the National Cancer Institute’s Common Termi-
nology Criteria for Adverse Events version 3.0. During the
treatment period until the treatment discontinuation visit, all
adverse events were reported and followed until resolution,
improvement to baseline, confirmation by the investigator
that no further improvement could be expected, or death.
Nonserious adverse events that were ongoing at the time of
study treatment discontinuation were not followed up at the
post-treatment discontinuation visit. Serious adverse events
that were ongoing at the time of treatment discontinuation
were followed until resolution, stabilization, or death up to
1 year after the final study dose. Treatment-related serious
adverse events that started after the treatment discontinua-
tion visit were reported at any time and followed until
resolution, stabilization, or death up to 1 year after start of the
event. LVEF measurements took place at baseline, every 9
weeks during the treatment period, at the treatment dis-
continuationvisit, every 6months in the first yearof follow-up,
and then annually for up to 3 years. Tumor assessments were
performed every 9 weeks.
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Statistical Methods
The primary analysis was defined to take place after 381
independently assessed progression-free survival events had
occurred. An unstratified log-rank test was used to compare
independently assessed progression-free survival and overall
survival between treatment armsbygeographic regions. ACox
proportional hazards model was used to estimate the hazard
ratios (HRs) and95%confidence intervals (CIs). Adverseevents
were reported and analyzed using descriptive methods. To
investigate a potential effect of body weight and height on
the incidence of febrile neutropenia, diarrhea, and mucosal
inflammation,we grouped patients into quartiles according to
weight, body surface area (BSA), and body mass index (BMI),
and the incidence of adverse events was reported descrip-
tively. Efficacy analyses were performed according to treat-
ment allocation (intention-to-treat [ITT] population), and
safety analyses were performed as per treatment received
(safety population). The trial is registered with ClinicalTrials.
gov, NCT00567190.

RESULTS

Study Population
Between February 2008 and July 2010, 808 patients were
enrolled into CLEOPATRA from 204 sites in 25 countries from
Asia, Europe, North America, and South America (Europe,
North America, and South America are referred to as “other
regions”). Participating countries from Asia were the People’s
Republic of China (including Hong Kong; n 5 18), Japan (n 5
53), Korea (n5 94), the Philippines (n5 30), Singapore (n5
20), andThailand (n538).Thedatacutoffdate for theanalyses
presented here was in May 2011; the only exception is the
analysis ofoverall survival forwhich the data cutoffwas inMay
2012. The ITT population comprised 406 patients in the
placebo arm and 402 patients in the pertuzumab arm. Two
patients in each armdidnot receive any study treatment. Eight
patients randomized to the placebo arm received at least one
dose of pertuzumab and one patient randomized to the
pertuzumab arm received treatment allocated to the placebo
arm only. The safety population therefore comprised 397
patients in theplacebo armand407patients in thepertuzumab
arm (supplemental online Fig. 1). The median time on study
treatmentwas 11.8months for patients in the placebo arm and
18.1 months for patients in the pertuzumab arm. According to
race, there were 133 Asian patients randomized to the placebo
armand128Asianpatients randomizedtothepertuzumabarm.
Split by region, 128 and 125 patients in the placebo and
pertuzumab arms, respectively, were from Asia. We present
analyses according to region. The median age of patients from
Asia was 52.0 years (28281) in the placebo arm and 54.0 years
(29276) in thepertuzumab arm. Patients fromall other regions
hadamedian ageof54.5 years (27289) and54.0 years (22282)
in the placebo and pertuzumab arms, respectively. Previous
exposure to docetaxel was generally similar for patients from
Asia and for patients from all other regions: 7.0% and 8.0% of
patients from Asia in the placebo and pertuzumab arms,
respectively, received docetaxel for early breast cancer com-
paredwith 10.4% (placebo arm) and 9.6% (pertuzumab arm) of
patients from all other regions.

Exposure to Docetaxel
During the study, the median number of docetaxel cycles
administered in patients fromAsiawas nine in both treatment
arms, and thus slightly higher than that in patients from all
other geographic regions (eight and seven) (Table 1). The
proportion of patients who underwent a docetaxel dose
escalation to 100 mg/m2 was lower in patients from Asia
compared with all other regions (2.4% vs. 18.7%). Docetaxel
dose reductions below 75mg/m2were carried out in 47.0% of
patients from Asia compared with 13.4% of patients from
other regions. Overall, docetaxel dose reductions below 75
mg/m2weremost commonly performed at cycle 2 (Fig. 1).The
majority of docetaxel dose reductions were per protocol, with
a minimal number of off-protocol dose reductions: five
patients in the pertuzumab arm (two from Asia, three from
all other regions) and two patients in the placebo arm (both
from regions other than Asia). Figure 1 presents data up until
cycle 9, which was the median number of docetaxel cycles in
patients from Asia. The number of patients receiving study
treatmentwith docetaxel decreased at later cycles (Fig. 1).The
proportion of patients who permanently discontinued treat-
ment with docetaxel was comparable between patients from
Asiaandthosefromotherregionsreceivingthesametreatment
regimen (Table 1). In all subgroups, at least 95% of patients
who permanently discontinued docetaxel had completed the
minimum recommended number of six docetaxel cycles. The
majority of patients from Asia who discontinued docetaxel
treatment did so because of an adverse event, whereas the
majorityofpatients fromother regionsdiscontinuedtreatment
with docetaxel as a result of standard practice (Table 1).

Adverse Events
Adverse events (all grades) that were reported with an
incidence of at least 25% in patients from Asia and the
incidences of febrile neutropenia and left ventricular systolic
dysfunction (LVSD) are presented in Table 2. As reported
previously, the incidence of febrile neutropenia was 11.7%
in the placebo arm versus 25.6% in the pertuzumab arm
in patients from Asia. Similarly, the incidence of mucosal
inflammation was doubled in the pertuzumab arm (36.8%)
comparedwith the placebo arm (18.0%) in patients fromAsia.
For both treatment arms combined, an increased incidence of
at least twofoldwas reported foredema,myalgia,nail disorder,
febrile neutropenia, upper respiratory tract infection, de-
creasedappetite, andrash inpatients fromAsiacomparedwith
patients from other regions. For the pertuzumab arms only,
an increased incidence of at least twofold in patients from
Asia compared with patients from other regions was reported
for edema, myalgia, febrile neutropenia, decreased appetite,
upper respiratory tract infection, nail disorder, and constipa-
tion. The frequencies of grade$3 adverse events and serious
adverse events were higher in patients from Asia compared
with patients from other regions; however, the incidence
of adverse events resulting in discontinuation of all study
treatment (pertuzumab/placebo plus trastuzumab plus doce-
taxelorpertuzumab/placeboplus trastuzumab)was similar for
patients from Asia and other regions.

Following the discontinuation of docetaxel, the incidence
of adverse events decreased considerably with the exception
of LVSD (Table 2). No further events of febrile neutropenia
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were reported in any arm or geographic region after the
discontinuation of docetaxel. Although diarrhea and mucosal
inflammation were reported less frequently after docetaxel
treatment had been discontinued, the incidence of diarrhea
continued to be higher in patients treated in the pertuzumab
arm than in the placebo arm in all regions, and the incidence of
mucosal inflammation inpatients fromAsia remainedhigher in
the pertuzumab arm compared with the placebo arm.

We analyzed the rate of febrile neutropenia per treatment
cycle (Fig. 2). The incidence of febrile neutropenia was notably
highduringthefirst treatmentcycle inall regionscomparedwith
subsequent cycles, but it was particularly high in patients from
Asia.Fromcycle1 tocycle2,the incidenceof febrileneutropenia
decreased between approximately two- and fivefold in all
subgroups and was low during later treatment cycles.

Four patients, all treated in the pertuzumab arm,
discontinued treatment with docetaxel because of febrile
neutropenia. Two of these patients were from Asia and two
were from other regions. One additional patient from other
regions discontinued pertuzumab, trastuzumab, and doce-
taxel because of febrile neutropenia. The docetaxel dose was
reduced in 73.3% (11 of 15) and 65.6% (21 of 32) of patients
from Asia experiencing febrile neutropenia in the placebo and
pertuzumab arms, respectively, and in 46.7% (7 of 15) and
41.7%(10of24)ofpatients fromother regions. Inpatientswho

experienced febrile neutropenia, G-CSFs were used to treat
the event in 80.0% (12 of 15) and 93.8% (30 of 32) of patients
fromAsiaand in53.3%(8of15)and45.8%(11of24)ofpatients
from other regions in the placebo and pertuzumab arms,
respectively. In patients who had experienced febrile neu-
tropenia, G-CSFs were used prophylactically at subsequent
cycles in 6.7% (1 of 15) and 34.4% (11 of 32) of patients from
Asia and in 40.0% (6 of 15) and 12.5% (3 of 24) of patients from
other regions in the placebo and pertuzumab arms, re-
spectively. Of all patients who experienced febrile neutrope-
nia, mucosal inflammation and diarrhea were reported
concomitantly in 46.7% (7 of 15) versus 59.4% (19 of 32) of
patients fromAsia in the placebo and pertuzumab arms and in
26.7% (4 of 15) versus 45.8% (11 of 24) of patients from other
regions in the placebo and pertuzumab arms.

More than 50% of patients from Asia belonged to the
lowest weight and BSA quartile (#55.8 kg and #1.549 m2,
respectively). To analyze whether the incidences of febrile
neutropenia, diarrhea, and mucosal inflammation were as-
sociated with patient weight and height, we compared the
rates of these adverse events per weight, BSA, and BMI
quartiles in patients from Asia and other geographic regions
per treatment arm (supplemental online Tables 1–9). There
was no trend for patients in the lower quartiles, irrespective of
geographic region and treatment received, to be more likely

Table 1. Exposure to docetaxel

Other regions Asia

Placebo1
trastuzumab1
docetaxel (n5 269)

Pertuzumab1
trastuzumab1
docetaxel (n5 282)

Placebo1
trastuzumab1
docetaxel (n5 128)

Pertuzumab1
trastuzumab1
docetaxel (n5 125)

Median number of all study
treatment cycles (range)

15.0 (1250) 18.0 (1256) 15.0 (1246) 20.0 (1250)

Median number of
docetaxel cycles (range)

8.0 (1227) 7.0 (1235) 9.0 (1241) 9.0 (1230)

Median docetaxel dose
intensity, mg/m2/week

25.0 24.7 23.6 23.9

Docetaxel dose escalation
to 100 mg/m2, n (%)

56 (20.8) 47 (16.7) 5 (3.9) 1 (0.8)

Docetaxel dose reduction to
,75 mg/m2, n (%)

32 (11.9) 42 (14.9) 57 (44.5) 62 (49.6)

1 dose reduction to,75
mg/m2

31 (11.5) 39 (13.8) 56 (43.8) 61 (48.8)

2 dose reductions to,75
mg/m2a

1 (0.4) 3 (1.1) 1 (0.8) 1 (0.8)

Docetaxel permanently
discontinued

No, n (%) 97 (36.1) 78 (27.7) 45 (35.2) 31 (24.8)

Yes, n (%) 172 (63.9) 204 (72.3) 83 (64.8) 94 (75.2)

$6 cycles of docetaxel
completed, n/N (%)

166/172 (96.5) 194/204 (95.1) 79/83 (95.2) 91/94 (96.8)

Reason for discontinuation,
n/N (%)

Standard practice 125/172 (72.7) 144/204 (70.6) 24/83 (28.9) 33/94 (35.1)

Adverse event 37/172 (21.5) 47/204 (23.0) 53/83 (63.9) 50/94 (53.2)

Refused treatment 2/172 (1.2) 4/204 (2.0) 5/83 (6.0) 8/94 (8.5)

Other 8/172 (4.7) 9/204 (4.4) 1/83 (1.2) 3/94 (3.2)
aIncludes patients with initial docetaxel dose escalation to 100 mg/m2 followed by two subsequent dose reductions.
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to experience febrile neutropenia, diarrhea, or mucosal
inflammation than patients in the upper quartiles.

Efficacy
InthewholeITTpopulation, independentlyassessedprogression-
free survival (HR 5 0.63; data cutoff in May 2011) and overall
survival (HR5 0.66; data cutoff in May 2012) were significantly
improved with pertuzumab plus trastuzumab plus docetaxel
compared with placebo plus trastuzumab plus docetaxel (un-
stratified analyses) [9, 10]. Exploratory analyses of progression-
free and overall survival performed per region (Asia vs. all other
regions combined) were similar to the results in the whole ITT
population: independently assessed progression-free survival,
HR5 0.68 (95% CI, 0.4820.95) for Asia, HR5 0.61 (95% CI,
0.4820.76) for other regions; overall survival, HR 5 0.64
(95% CI, 0.4121.00) for Asia, HR5 0.66 (95% CI, 0.5020.89)
for other regions (Table 3).

DISCUSSION

During the primary analysis of results from CLEOPATRA in
2011, it was noted that the incidence of febrile neutropenia
was almost twice as high in the pertuzumab arm (13.8%) as in

the placebo arm (7.6%) [9]. These rates, however, were lower
than those of 23% [8] and 37% [13] for febrile neutropenia
reported in previous studies of trastuzumab with docetaxel
for HER2-positive metastatic breast cancer with a docetaxel
starting dose of 100 mg/m2. A further analysis of data from
CLEOPATRA revealed that the incidence of febrile neutropenia
was 10% or less in either arm in patients from Europe, North
America, and South America, whereas it was reported in 12%
and 26% of patients in the placebo and pertuzumab arms,
respectively, in patients from Asia [9]. Similarly, the rate of
mucosal inflammation was doubled in the pertuzumab arm
(37%) compared with the placebo arm (18%) in patients from
Asia.The increased incidenceof febrile neutropenia inpatients
fromAsia could be a result of the higher incidences ofmucosal
inflammation and diarrhea in this population.

An apparent difference between patients from Asia and
patients fromother regionswas the proportionwith docetaxel
dose escalation and reduction, as well as the reason for
permanent docetaxel discontinuation. The proportion of
patients in Asia with a docetaxel dose escalation to 100 mg/m2

was small (2.4%), whereas 47.0% in this region had a re-
duction below 75 mg/m2. The main reason for permanent

Figure 1. First occurrence of docetaxel dose reduction ,75 mg/m2 by study treatment cycle in the safety population according to
treatment receivedandgeographic region:Asiaversusother regions (Europe,NorthAmerica, andSouthAmerica).Overall, docetaxeldose
reductions below 75 mg/m2 were most commonly performed at cycle 2 (data in bold). Data are presented up until cycle 9, the median
numberofdocetaxel cycles inpatients fromAsia.p,n, numberofpatientswith firstoccurrenceofdocetaxeldose reduction,75mg/m2;N,
numberof patients receiving anydocetaxel dose at a given cycle.‡, Sumof patientswith first occurrenceofdocetaxel dose reduction,75
mg/m2 in cycles 125, cycles 629, and cycle 10 until the end of docetaxel treatment.

Abbreviations: D, docetaxel; Pla, placebo; pts, patients; Ptz, pertuzumab; T, trastuzumab; treat., treatment.
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discontinuation of docetaxel in Asia was adverse events, but
discontinuationwasdue to standardpractice in themajorityof
patients fromother regions.However, the incidenceofadverse
events resulting in discontinuation of all study treatment was
not higher in patients fromAsia compared with other regions,
suggesting that dosing guidelines and support measures were
successfully applied. Despite the higher rate of docetaxel dose
reductions and of adverse events overall in patients fromAsia,
themediannumberofdocetaxel cycleswasslightlyhigher than
that in patients from other regions.This observation, together
with the finding that docetaxel was discontinued because of
an adverse event rather than standardpractice, in themajority
of patients from Asia suggest that after cycle 6 patients from
Asia were more often treated until unmanageable toxicity
occurred, in contrast to patients fromother regions whomore

often discontinued treatment with docetaxel according to
local practice. Importantly, at least 95% of patients who
permanently discontinued docetaxel had received the mini-
mum per-protocol recommendation of six docetaxel cycles.
These results suggest that adverse events were mainly ad-
dressed by an adjustment of the docetaxel dose rather than
early discontinuation of treatment.

To investigate whether the higher incidences of febrile
neutropenia, diarrhea, and mucosal inflammation in patients
from Asia were associated with a lower body weight and
height,wegroupedpatients according toweight,BSA, andBMI
quartile.More than 50%of patients fromAsia belonged to the
lowest weight and BSA quartile compared with 12%213% of
patients from other regions. Our descriptive analyses gave no
evidence of an association between weight, BSA, or BMI and

Table 2. Adverse events (all grades) reported in$25% of patients from Asia plus adverse events of special interest (incidence

reported overall and after docetaxel discontinuation)a

Other regions Asia

Placebo1
trastuzumab1

docetaxel

Pertuzumab1
trastuzumab1

docetaxel

Placebo1
trastuzumab1

docetaxel

Pertuzumab1
trastuzumab1

docetaxel

Number of patients with
event, n (%)

Overall
(n5 269)

Post D
(n5 172)

Overall
(n5 282)

Post D
(n5 204)

Overall
(n5 128)

Post D
(n5 83)

Overall
(n5 125)

Post D
(n5 94)

Patients with$1 adverse event 264 (98.1) 131 (76.2) 281 (99.6) 162 (79.4) 127 (99.2) 71 (85.5) 125 (100.0) 87 (92.6)

Diarrhea 118 (43.9) 17 (9.9) 179 (63.5) 36 (17.6) 66 (51.6) 6 (7.2) 93 (74.4) 21 (22.3)

Alopecia 156 (58.0) 4 (2.3) 175 (62.1) 1 (0.5) 84 (65.6) 0 (0.0) 73 (58.4) 1 (1.1)

Neutropenia 123 (45.7) 3 (1.7) 141 (50.0) 2 (1.0) 74 (57.8) 6 (7.2) 74 (59.2) 3 (3.2)

Decreased appetite 53 (19.7) 2 (1.2) 52 (18.4) 8 (3.9) 52 (40.6) 5 (6.0) 67 (53.6) 11 (11.7)

Rash 42 (15.6) 4 (2.3) 79 (28.0) 18 (8.8) 54 (42.2) 12 (14.5) 58 (46.4) 17 (18.1)

Nausea 110 (40.9) 16 (9.3) 120 (42.6) 17 (8.3) 55 (43.0) 9 (10.8) 52 (41.6) 5 (5.3)

Myalgia 42 (15.6) 2 (1.2) 39 (13.8) 3 (1.5) 53 (41.4) 10 (12.0) 54 (43.2) 12 (12.8)

Fatigue 89 (33.1) 15 (8.7) 104 (36.9) 21 (10.3) 57 (44.5) 7 (8.4) 49 (39.2) 12 (12.8)

Nail disorder 39 (14.5) 6 (3.5) 44 (15.6) 8 (3.9) 52 (40.6) 4 (4.8) 49 (39.2) 1 (1.1)

Peripheral edema 76 (28.3) 20 (11.6) 54 (19.1) 13 (6.4) 43 (33.6) 6 (7.2) 40 (32.0) 9 (9.6)

Peripheral neuropathy 38 (14.1) 8 (4.7) 50 (17.7) 15 (7.4) 42 (32.8) 0 (0.0) 36 (28.8) 1 (1.1)

Constipation 56 (20.8) 8 (4.7) 29 (10.3) 2 (1.0) 43 (33.6) 7 (8.4) 32 (25.6) 9 (9.6)

Mucosal inflammation 56 (20.8) 3 (1.7) 67 (23.8) 3 (1.5) 23 (18.0) 1 (1.2) 46 (36.8) 6 (6.4)

Edema 17 (6.3) 0 (0.0) 13 (4.6) 3 (1.5) 33 (25.8) 1 (1.2) 33 (26.4) 3 (3.2)

Vomiting 62 (23.0) 9 (5.2) 66 (23.4) 9 (4.4) 33 (25.8) 5 (6.0) 32 (25.6) 9 (9.6)

Upper respiratory tract infection 24 (8.9) 9 (5.2) 32 (11.3) 14 (6.9) 29 (22.7) 14 (16.9) 36 (28.8) 24 (25.5)

Febrile neutropenia 15 (5.6) 0 (0.0) 24 (8.5) 0 (0.0) 15 (11.7) 0 (0.0) 32 (25.6) 0 (0.0)

LVSDb 27 (10.0) 14 (8.1) 12 (4.3) 6 (2.9) 6 (4.7) 3 (3.6) 6 (4.8) 6 (6.4)

Grade$3 adverse events 194 (72.1) 26 (15.1) 199 (70.6) 31 (15.2) 95 (74.2) 14 (16.9) 103 (82.4) 21 (22.3)

Serious adverse events 69 (25.7) 10 (5.8) 82 (29.1) 16 (7.8) 35 (27.3) 5 (6.0) 58 (46.4) 11 (11.7)

Adverse events resulting in death 9 (3.3) 2 (1.2) 6 (2.1) 1 (0.5) 1 (0.8) 0 (0.0) 2 (1.6) 1 (1.1)

Adverse events resulting in dose
modification/interruption

127 (47.2) 21 (12.2) 147 (52.1) 31 (15.2) 84 (65.6) 10 (12.0) 97 (77.6) 23 (24.5)

Adverse events resulting in
discontinuation of all study
treatmentc

15 (5.6) 2 (1.2) 21 (7.4) 7 (3.4) 6 (4.7) 3 (3.6) 4 (3.2) 1 (1.1)

aMultiple occurrences of the same adverse event in one individual counted only once.
bDefinedas asymptomaticor symptomaticdeclines in LVEFof$10%points frombaseline to,50%.Grade3LVSDwasdefinedaseither symptomaticCHF
responsive to intervention, or LVEF 20%–39%. Grade 4 LVSD was defined as refractory CHF or poorly controlled; or LVEF,20%; or intervention such as
ventricular assist device, ventricular reduction surgery, or heart transplant indicated.
cPertuzumab/placebo plus trastuzumab plus docetaxel or pertuzumab/placebo plus trastuzumab.
Abbreviations: CHF, congestive heart failure; D, docetaxel; LVEF, left ventricular ejection fraction; LVSD, left ventricular systolic dysfunction.
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the incidences of febrile neutropenia, diarrhea, or mucosal
inflammation in patients from any region. Within the same
weight, BSA, or BMI quartile, patients from Asia appeared to
be at greater risk for experiencing febrile neutropenia than
patients from other regions. It should be noted, however, that
the number of patients experiencing the event per quartile
was particularly low for febrile neutropenia, which constitutes
a limitation to the interpretation of our findings.

Docetaxelhasanarrowtherapeutic index,whichmakesthe
interindividual variability in docetaxel clearance particularly

problematic [14–17]. Docetaxel is metabolized mainly by the
hepatic cytochrome P450 isoenzyme CYP3A4 and to a lesser
extent by CYP3A5 [18]. Several polymorphisms have been
described for cytochrome P450 enzymes [19] and CYP3A4 in
particular [17, 20–24]. Although interindividual variability in
CYP3A4enzymeactivity has frequently beendescribed [15, 25,
26], with some studies suggesting that Asians have a lower
CYP3A4 activity than Caucasians [27, 28], research into the
correlation of polymorphisms with phenotypes has been
inconclusive. As CYP3A4 enzyme activity is positively corre-
lated with docetaxel clearance, variability in CYP3A4 activity
may cause an increase in toxicity in some patients [14, 15]
but underexposure to the detriment of efficacy in others.
Consistent with studies suggesting lower CYP3A4 activity in
Asians, some retrospective studies have reported a higher
incidence of chemotherapy-related grade $3 hematologic
toxicities in Asian patients with early breast cancer compared
with other races [29, 30].

In addition to the interindividual variability in CYP3A4 en-
zyme activity, another mechanism that can potentially affect
drug clearance is drug-drug interactions. Cortés et al. have
reported that, for the regimen used in CLEOPATRA, there is no
evidence of a pharmacokinetic (PK) drug-drug interaction of
pertuzumab with docetaxel or with trastuzumab [31]. This
finding was expected given that pertuzumab and docetaxel
have different clearance pathways [32, 33] and because
pertuzumab and trastuzumab bind noncompetitively [34]
to distinct epitopes on HER2 [35, 36]. With a sample size
of 37 patients, the PK substudy of CLEOPATRA was small.
Four patients in the placebo arm and five patients in the
pertuzumabarmwereAsian [31].Oneof thesepatients ineach
arm experienced febrile neutropenia. Although the sample
size is too small to draw any conclusions, individual docetaxel
PKparameterswere similar inAsianpatients andpatients from
other races in this substudy (unpublished data).

The correlation of drug clearance with BSA has been
challenged [37] and individualized docetaxel dosing based on
CYP3A4activity/docetaxel clearancemaybemoreappropriate

Figure 2. Incidence of febrile neutropenia by study treatment cycle in the safety population according to treatment received and
geographic region: Asia versus other regions (Europe, North America, and South America).

Table 3. Independently assessed progression-free survival

and overall survival

Placebo1
trastuzumab1
docetaxel

Pertuzumab1
trastuzumab1
docetaxel

Progression-free
survival

Whole ITT
population, n

406 402

HR (95% CI) 0.63 (0.5220.76)

Asia, n 128 125

HR (95% CI) 0.68 (0.4820.95)

Other regions, n 278 277

HR (95% CI) 0.61 (0.4820.76)

Overall survivala

Whole ITT
population, n

406 402

HR (95% CI) 0.66 (0.5220.84)

Asia, n 128 125

HR (95% CI) 0.64 (0.4121.00)

Other regions, n 278 277

HR (95% CI) 0.66 (0.5020.89)

The analyses of progression-free and overall survival were unstratified.
aData cutoff for the overall survival analyses was in May 2012.
Abbreviations: CI, confidence interval; HR, hazard ratio; ITT,
intention-to-treat.
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to reduce interindividual variability and toxicity [25, 38–40]
while maintaining efficacy.Yamamoto et al. have investigated
the effect of individualized docetaxel dosing based on CYP3A4
activity in patients with advanced non-small cell lung cancer.
They found that interpatient PK variability of docetaxel was
reduced with individualized dosing compared with BSA-based
dosing, whereas response rates were similar between both
arms [25].The individualizeddosinghad, however, noeffecton
the toxicity profile ofdocetaxel, and it should benoted that the
study was powered to detect variability in PK but was not
powered for safety or efficacy endpoints [25]. Several CYP3A4
phenotyping tests are currently available [41–45], and
their potential applicability in routine clinical practice merits
further investigation. Carboplatin is an established example of
a chemotherapeutic agent whose dose is calculated based on
target exposure and glomerular filtration rate [46].

CONCLUSION
In our study, patients with HER2-positive metastatic breast
cancer from Asia experienced more toxicities from treatment
with pertuzumab, trastuzumab, and docetaxel than patients
from other regions. This outcome did not, however, result in
a reduction in the median number of study treatment cycles
administered in these patients compared with patients from
other regions. But given that in almost 50% of patients from
Asia the docetaxel dosewas reduced below75mg/m2without
a decrease in efficacy, a reduction of the docetaxel dose in the
second or subsequent cycles for patients who experience
significant toxicity with administration of 75 mg/m2 should
be considered to improve the safety profile of the study
combination. Our findings here provide an example of the
importance of assessing the actual treatment experience of
novel agentswithin subgroupsofpatients given that reports of
results from clinical trials often lack the specific details about
therapeutic administration necessary for the translation of

trial results to clinical practice [47]. We believe that our data
from patients in Asia are an important contribution for
practicing clinicians as they provide a valuable insight into the
safety profile and into adverse event management without
compromising efficacy.
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For Further Reading:
SandraM. Swain,Michael S. Ewer, Javier Cortés et al. Cardiac Tolerability of Pertuzumab Plus Trastuzumab Plus Docetaxel in
Patients With HER2-Positive Metastatic Breast Cancer in CLEOPATRA: A Randomized, Double-Blind, Placebo-Controlled
Phase III Study. The Oncologist 2013;18:257–264.

Implications for Practice:
CLEOPATRAwasthe firstphase III trial inwhich thecombinationofpertuzumabwith trastuzumabanddocetaxelwasstudied
in patients with HER2-positive metastatic breast cancer in the first line. As therapy with trastuzumab, especially in
combinationwith anthracyclines, has been associatedwith cardiac dysfunction, it was important to investigate the cardiac
tolerability 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 not associated with an increase in
cardiac dysfunction, especially LVSD, compared with placebo, trastuzumab and docetaxel. Cardiac adverse events were
largely reversible and clinically manageable. Despite our encouraging findings, we recommend the regular cardiac
monitoringofpatientswhile long-termsafetydatawithpertuzumab-trastuzumab-based treatmentarestill beingaccrued in
clinical practice.
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