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A B S T R A C T

Purpose
The CLEOPATRA (Clinical Evaluation of Trastuzumab and Pertuzumab) study demonstrated superior
progression-free survival (PFS) and overall survival when pertuzumab was added to trastuzumab and
docetaxel. Paclitaxel given once per week is effective and less toxic than docetaxel. We performed a
phase II study to evaluate the efficacy and safety of pertuzumab and trastuzumab with paclitaxel given
once per week.

Patients and Methods
Patients with metastatic human epidermal growth factor receptor 2–positive breast cancer with
zero to one prior therapy were enrolled. Treatment consisted of paclitaxel 80 mg/m2 once per
week plus trastuzumab (8 mg/kg loading dose ¡ 6 mg/kg) once every 3 weeks plus pertuzumab
(840 mg loading dose ¡ 420 mg) once every 3 weeks, all given intravenously. The primary end
point was 6-month PFS assessed by Kaplan-Meier methods.

Results
From January 2011 to December 2013, we enrolled 69 patients: 51 (74%) and 18 (26%)
treated in first- and second-line metastatic settings, respectively. At a median follow-up of 21
months (range, 3 to 38 months), 6-month PFS was 86% (95% CI, 75% to 92%). The median
PFS was 19.5 months (95% CI, 14 to 26 months) overall. PFS was 24.2 months (95% CI, 14
months to not reached [NR]) and 16.4 months (95% CI, 8.5 months to NR) for those without
and with prior treatment, respectively. At 1 year, Kaplan-Meier PFS was 70% (95% CI, 56%
to 79%) overall, 71% (95% CI, 55% to 82%) for those without prior therapy, and 66% (95%
CI, 40% to 83%) for those with prior therapy. Treatment was well-tolerated; there was no
febrile neutropenia or symptomatic left ventricular systolic dysfunction.

Conclusion
Paclitaxel given once per week with trastuzumab and pertuzumab is highly active and well
tolerated and seems to be an effective alternative to docetaxel-based combination therapy.

J Clin Oncol 33:442-447. © 2014 by American Society of Clinical Oncology

INTRODUCTION

The human epidermal growth factor receptor
(HER) family consists of four members—EGFR,
HER2, HER3, and HER4 —which are transmem-
brane receptor tyrosine kinases that regulate cell
growth and survival, differentiation, and migra-
tion, as well as other cellular responses.1 HER2
protein was shown to be highly expressed in ap-
proximately 20% of breast tumors as a result of
amplification of the HER2 gene. Its overexpres-

sion portends an aggressive natural history com-
pared with other breast tumors.2 Homo- or
heterodimerization is required for HER signaling,
and the HER2-HER3 dimer is the most potent in
inducing cell proliferation.3 With the advent of
trastuzumab, a humanized monoclonal antibody
that binds to domain IV of HER2, the natural
history of this disease has been significantly al-
tered in both the metastatic and early-stage set-
tings, thus leading to the approval of this agent in
both clinical settings.4-14
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Pertuzumab is a humanized monoclonal antibody that targets
HER2. However, unlike trastuzumab, it binds to domain II of the
receptor and is thus able to disrupt HER2 dimerization and ligand-
activated signaling with other growth factor receptors, including other
HER family members.15 Recently, the CLEOPATRA (Clinical Evalu-
ation of Trastuzumab and Pertuzumab) randomized phase III trial for
clinical evaluation of pertuzumab and trastuzumab demonstrated
that the addition of pertuzumab to standard docetaxel and trastu-
zumab increases both progression-free survival (PFS) and overall sur-
vival (OS).16,17 Pertuzumab is approved for use with docetaxel and
trastuzumab in first-line and neoadjuvant settings by regulatory agen-
cies in the United States and other countries.18 Paclitaxel given once
per week is highly effective in the treatment of breast cancer in both
advanced and early-stage settings.19-22 In direct comparison with do-
cetaxel (administered once every 3 weeks) in the adjuvant setting,
paclitaxel given once per week was more effective and less toxic.22 By
using the efficacy and safety data from the adjuvant setting, we aimed
to determine whether paclitaxel given once per week is effective, safe,
and tolerable when added to dual anti-HER2 antibody therapy in the
metastatic setting, so we conducted a phase II trial of paclitaxel with
pertuzumab and trastuzumab.

PATIENTS AND METHODS

Patients

All patients were enrolled from Memorial Sloan Kettering Cancer Cen-
ter. Eligible patients had HER2-positive breast cancer with metastatic disease.
HER2 positivity was defined as 3� by immunohistochemistry or amplified by
fluorescent in situ hybridization with a ratio of � 2.0. Other eligibility criteria
included age of 18 years or older, an Eastern Cooperative Oncology Group
performance status of 0 to 1, measurable or nonmeasurable disease, zero to
one prior treatment, adequate organ function, and baseline left ventricular
ejection fraction (LVEF) of � 50% by echocardiogram within 4 weeks before
enrollment. Patients may have had adjuvant trastuzumab and stable treated
brain metastasis � 2 months before enrollment. Exclusion criteria included a
history of prior cardiac morbidities within 12 months (unstable angina, myo-
cardial infarction, congestive heart failure, uncontrolled ventricular arrhyth-
mias), prior pertuzumab, and grade � 2 neuropathy (Fig 1).

Treatment

Patients received paclitaxel 80 mg/m2 once per week plus trastuzumab (8
mg/kg loading dose¡ 6 mg/kg) once every 3 weeks plus pertuzumab (840 mg
loading dose ¡ 420 mg) once every 3 weeks, all given intravenously (Fig 2).
One cycle consisted of three doses of paclitaxel given once per week with dual
anti-HER2 antibody therapy. There was no mandate on the order of admin-
istration of chemotherapy and the antibodies. After 6 months of therapy, if
patients were deemed to be progression-free, paclitaxel could be held at the

discretion of the treating physician, and patients were maintained on antibod-
ies alone. Patients remained on treatment until progression of disease.

Criteria for Treatment Modifications

For paclitaxel, in general, if the patient experienced grade 3 or greater
toxicity, treatment was held until the adverse event (AE) improved to grade �
2 (except for neuropathy). In terms of neuropathy, if the patient experienced
grade � 2 toxicity, treatment was held until the AE improved to grade � 1. The
patient had 3 weeks to improve. If she improved, then paclitaxel dose was
reduced. Only two dose reductions were permitted (ie, 80 to 60 mg/m2 and
then 60 to 45 mg/m2). For the two antibodies, treatment was held if the patient
had a significant asymptomatic LVEF decline of 10% to 15% to less than 50%
or � 16% (from baseline) or experienced clinical heart failure, as defined by
the study. The patient would then have to have a recovery with a repeat
echocardiogram or multigated angiogram within 3 weeks to have anti-HER2
therapies restarted. Dose reductions were not permitted.

Assessments

Serial tumor assessments, based on RECIST version 1.1, were performed
every 3 months with a computed tomography scan of the chest and abdomen
with or without a scan of the pelvis. Monitoring for LVEF occurred at baseline
and every 3 months with an echocardiogram and a strain imaging analysis
within 3 months after completion of treatment. Patients were seen once per
cycle, a CBC was performed before each chemotherapy dose, and chemistry
laboratory assessments were performed every 3 weeks. Blood samples for
exploratory cardiac biomarkers (troponin, brain natriuretic peptide, and
neuregulin-�) were collected every other cycle at six time points. AEs were
monitored continuously and were graded according to the National Cancer
Institute’s Common Terminology Criteria for Adverse Events, version 4.0.

Statistical Analysis

The primary end point of this study was the proportion of patients who
were progression free at 6 months or later. Events for the PFS end point were
defined as progression or death, whichever came first. We powered our study
on the basis of a binary end point of the proportion of patients progression-free
at 6 months. For the primary analysis, evaluable patients included all patients
who received at least one full dose of therapy. A single-stage design was used to
evaluate the efficacy of this regimen. We elected a target progression-free rate
below 50% as the unpromising 6-month progression-free rate and 65% or
higher as promising. These target rates were based on data from Slamon et al,4

which showed that the combination of paclitaxel and trastuzumab led to a
median time to progression of 7.4 months in patients with untreated HER2-
positive metastatic breast cancer. We chose 6 months as opposed to 7 months
because patients with one prior treatment were included. On the basis of these
proportions, we needed 69 evaluable patients at a one-sided type I error of 5%
and 80% power for a single-stage design. At the end of the study, if 42 or more
patients were alive and progression free 6 months after therapy, the regimen
would be considered a success and deemed worthy of further study. PFS

Patients enrolled
(N = 69)

Evaluable patients
(n = 67)

Patients with immediate 
   paclitaxel hypersensitivity

(n = 2)

Fig 1. CONSORT diagram.

q 3 weeks…………………

q 3 months…………………

q week ………………………

q 3 weeks……………………

Paclitaxel at 80 mg/m2 q week

Pertuzumab at 840mg load  → 420 mg q 3 weeks

Trastuzumab at 8 mg/kg load → 6 mg/kg q 3 weeks

Echocardiogram

Fig 2. Treatment schema.
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estimates were calculated by using Kaplan-Meier methods. Secondary end
points for this study included estimating 6-month and median OS by using
Kaplan-Meier methods, describing safety (including cardiac safety) and toler-
ability, and assessing biomarkers (not presented in this article). AEs with
frequencies of 25% or greater were described by using percentages. For cardiac
safety based on prior data, we considered a cardiac event rate of � 4% and an
asymptomatic LVEF decline (of � 10% from baseline to � 50%) rate of �
20% as acceptable. For this study, to be consistent with data from the
CLEOPATRA trial, a cardiac event was defined as symptomatic left ventricular
systolic dysfunction (LVSD; deaths and nondeaths), non-LVSD cardiac death,
or probable cardiac death. All analyses were conducted by using SAS version
9.2 (SAS Institute, Cary, NC).

RESULTS

Study Population

From January 2011 to December of 2013, we enrolled 69 patients
whose baseline characteristics are provided in Table 1. The median age
was 53 years (range, 26 to 84 years). In all, 49 patients (71%) had
visceral disease and 20 patients (29%) had nonvisceral disease. Fifty-
seven patients (83%) had measurable disease and 12 patients (17%)
had nonmeasurable disease. Overall, 44 patients (64%) had estrogen
receptor–positive and/or progesterone receptor–positive disease. In
this group, 51 patients (74%) were being treated in the first-line
setting, and 18 patients (26%) were being treated in the second-line
setting. In terms of prior trastuzumab exposure, 22 patients (33%)
received trastuzumab for neoadjuvant or adjuvant therapy, 14 (20%)
received trastuzumab as part of one line of therapy for metastatic
breast cancer, and six (9%) received trastuzumab in both settings.

Efficacy

Of the 69 enrolled patients, two were not evaluable because they
experienced immediate hypersensitivity reactions to paclitaxel and
came off study on the same day they enrolled (before receiving anti-
body therapy). Thus, 67 patients had follow-up data available for
efficacy analysis (Fig 1) and all 67 were included for analysis. At a
median follow-up period of 21 months (range, 3 to 38 months), the
6-month PFS was 86% (95% CI, 75% to 92%) for these 67 patients; it
was 89% (95% CI, 76% to 95%) for those without previous treatment
and 78% (95% CI, 51% to 91%) for those with previous treatment
(Fig 3A). Similarly, when the PFS curves were analyzed on the basis of
previous treatment exposure for metastatic breast cancer, the PFS
curve was lower for the 18 (26%) with one prior therapy compared
with the 51 patients (74%) who had no prior therapy (Fig 3B). The
median PFS was 19.5 months (95% CI, 14 to 26 months; Fig 3A); it was
24.2 months (95% CI, 14 months to not reached [NR]) for those
without prior treatment and 16.4 months (95% CI, 8.5 months to NR)
for those with prior treatment (Fig 3B). The 1-year Kaplan-Meier
estimate for the percentage of patients alive and progression-free was
70% (95% CI, 56% to 79%); the 1-year estimate was 71% (95% CI,
55% to 82%) for those without prior therapy and 66% (95% CI, 40%
to 83%) for those with prior therapy. In this study, 64 of 67 patients
were assessable for the 6-month PFS status for the primary analysis.
The remaining three patients were not assessed because one came off
study and two were lost to follow-up before the 6-month time point,
so they did not have disease assessment. Of these 64 patients, 54 had
clinical benefit as follows: seven (11%) had a complete response (CR),
31 (48%) had a partial response (PR), and 16 (25%) had stable disease
(SD; Table 2).

Treatment Exposure

The median duration of study treatment was 13.8 months (range,
0 to 38.7 months) for all enrolled patients. The per-study median
duration of therapy in all patients who received at least one cycle of
treatment was 14.5 months (range, 1.2 to 38.7 months). The median
number of study treatment cycles per patient was 20 (range, two to
55). The median number of cycles of paclitaxel exposure was 10
(range, two to 29). The median paclitaxel dose intensity was 80 mg/m2

per week, and it was identical from months 1 to 3 and from months 4
to 6. The median number of cycles of dual antibody exposure was 20
(range, two to 55).

Table 1. Baseline Characteristics for All Patients (N � 69)

Characteristic No. %

Age, years
Median 53
Range 26-84

Race
Asian 10 14
Black 15 22
White 44 64

ECOG PS
0 41 59
1 27 39
� 2 1 1

Disease type at screening
Nonvisceral 20 29
Visceral 49 71

Measurable disease 57 83
Nonmeasurable disease 12 17
Hormone receptor status

ER positive and/or PgR positive 44 64
ER negative and PgR negative 25 36

HER2 status assessed by IHC
0 or 1� 3 4
2� 8 12
3� 56 81
Unknown 2 3

HER2 status assessed by FISH
Positive 29 42
Negative 1 1
Unknown 39 57

Prior adjuvant or neoadjuvant therapy
No 39 57
Yes� 30 43

Anthracycline 19 28
Taxane 25 32
Hormone 22 32
Trastuzumab 22 32
Other 1 1

Prior treatment of metastatic disease
None 51 74
One prior therapy 18 26

Chemotherapy � trastuzumab 12 17
Endocrine therapy � trastuzumab 1 1
Chemotherapy � trastuzumab � lapatinib 1 1
Endocrine therapy alone 4 6

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; ER, estrogen receptor; FISH, fluorescent in situ hybridiza-
tion; HER2, human epidermal growth factor receptor 2; IHC,
immunohistochemistry; PgR, progesterone receptor.

�Patients may have received either adjuvant or neoadjuvant therapy.
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Toxicity Profile and Cardiac Safety

Overall, the study regimen was well tolerated with no unex-
pected toxicities (Table 3). Grade 3 or higher adverse events in-
cluded fatigue (four patients [6%]), diarrhea (two [3%]), sensory
neuropathy (two [3%]), palmar-plantar erythrodysesthesia (two
[3%]), AST elevation (two [3%]), ALT elevation (two [3%]), nau-
sea (one [1.5%]), and dry skin (one [1.5%]). Overall, two patients
were hospitalized, one for sepsis (non-neutropenic) as a result of
cellulitis and one for grade 4 hypomagnesemia. Of note, the inci-
dence of febrile neutropenia was 0%.

In this study, the median LVEF was preserved throughout. No
patients experienced a cardiac event as defined by the protocol
(symptomatic LVSD). The median LVEF was 64% (range, 50% to
72%) at baseline, 64% (range, 50% to 73%) at 3 months, 63%
(range, 49% to 69%) at 6 months, 63% (range, 47% to 73%) at 9
months, 64% (range, 44% to 70%) at 12 months, 62% (range, 55%
to 69%) at 15 months, 61% (range, 55% to 69%) at 18 months,
64% (range, 54% to 74%) at 21 months, and 64% (range, 59% to
67%) at 24 months. One patient had an asymptomatic LVEF
decline, a 61-year-old woman with a history of cardiomyopathy of
unknown etiology in 2003 with LVEF of 20% at the time. Her prior
heart failure resolved in 2005 with medical treatment that included
carvedilol, furosemide, and lisinopril. She met the criteria for study
enrollment with an LVEF of 57% at baseline. It remained 59% at 3
months and increased to 64% at 6 months but then fell to 47% at 9
months at which point dual antibody therapy was held. A repeat
echocardiogram was performed 2 weeks later that showed LVEF of
37%, and she was withdrawn from the study. She was seen by a
cardiologist but no adjustments in her medications were made
because she was asymptomatic. Subsequent LVEF values were 44%
at 12 months, 54% at 18 months, and 45% at 24 months. She
remained asymptomatic throughout. She remains stable on stan-
dard palliative chemotherapy without any HER2-targeted agents.

DISCUSSION

In this study of paclitaxel given once per week and dual anti-
HER2 antibody therapy, the Kaplan-Meier 6-month PFS was 86%
(95% CI, 75% to 92%). This study met its a priori definition of success:
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Fig 3. (A) Progression-free survival (PFS) and (B) PFS based on line of therapy.

Table 2. Efficacy at 6 Months (N � 69)

Status No. %

Progression free 54 84
Complete response 7 11
Partial response 31 48
Stable disease 16 25

Progression of disease 10 16

NOTE. In all, 64 patients were eligible for 6-month progression-free survival
assessment. Five patients did not have scans at the 6-month time point: two
came onto and off the study on the same day because of paclitaxel
hypersensitivity; one came off the study and two were lost to follow-up before
the 6-month time point and did not have imaging studies.

Table 3. Adverse Events (safety population)

Adverse Event

Grade
1 to 2

Grade
3 to 4

No. % No. %

Diarrhea 54 81 2 3
Fatigue 53 79 4 6
Peripheral neuropathy 53 79 2 3
Alopecia 48 72 0
AST elevation 42 63 2 3
ALT elevation 37 55 2 3
Dry skin 35 52 1 1.5
Mucositis 37 55 0
Acneiform rash 37 55 0
Nausea 33 49 1 1.5
Arthralgia 36 54 0
Hot flashes 33 49 0
Dyspepsia 26 43 0
Xerophthalmia 28 42 0
Palmar-plantar erythrodysesthesia syndrome 25 37 2 3
Anorexia 23 34 0
Cough 35 52 0
Peripheral edema 26 39 0
Epistaxis 25 37 0
Epiphora 24 36 0
Dyspnea 22 33 0

NOTE. Safety population includes all patients who received at least one dose
of study drug. Adverse events of all grades shown have a frequency of 25%
or higher.
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a promising 6-month PFS rate of at least 65%. In this study, 74% of
patients received treatment in the first-line setting and 26% received
treatment in the second-line setting. Unlike the CLEOPATRA study in
which only 10% of patients had received trastuzumab for the treat-
ment of early-stage breast cancer, 32% of our patients received trastu-
zumab as part of adjuvant or neoadjuvant therapy, 20% received
trastuzumab as part of one line of palliative therapy, and 9% received
trastuzumab in both settings before enrolling onto our study. The fact
that about a quarter of our patients were treated in the second-line
setting and that a much higher percentage of patients had prior tras-
tuzumab exposure could have accounted for the seemingly lower
clinical benefit rate seen in our study of 84% (11% CR, 48% PR, and
25% SD) as opposed to 94.7% in CLEOPATRA (5.5% CR, 74.6% PR,
and 14.6% SD). Although we cannot compare our data directly with
the data from CLEOPATRA, despite this more extensive prior trastu-
zumab therapy, the results are promising. As would be expected, the
median PFS was lower for those who were treated in the second-line
setting. The median PFS was 19.5 months (95% CI, 14 to 26 months);
it was 24.2 months (95% CI, 14 months to NR) for those without prior
treatment and 16.4 months (95% CI, 8.5 months to NR) for those with
prior treatment. This appeared similar to the CLEOPATRA data
showing a median PFS of 18.5 months for those treated in the first-line
setting.16,17 At 1 year, 70% (95% CI, 56% to 79%) of patients were
alive and progression free. Of note, at 1 year, 71% (95% CI, 55% to
82%) of the first-line patients were alive and progression free, again
promising when compared with the CLEOPATRA results. We will
continue to observe our patients to obtain a more refined estimate of
the median PFS and OS.

Paclitaxel given once per week with trastuzumab and pertu-
zumab was well tolerated. Perhaps most notably, the incidence of
febrile neutropenia was 0% as opposed to 13.8% with docetaxel
and dual anti-HER2 antibody therapy in the CLEOPATRA study.16

Grade 3 to 4 diarrhea incidence was low at 3%. Despite a minimum
of 6 months of exposure to paclitaxel given once per week, the
incidence of grade 3 to 4 peripheral neuropathy was only 3%. The
results of our trial are consistent with previous data showing that
paclitaxel given once per week is well tolerated and offers a favor-
able toxicity profile when compared with docetaxel.22 No patients
experienced symptomatic LVSD (heart failure). Only one patient
(with a prior history of cardiomyopathy) had a persistent but
asymptomatic LVEF decline that led to study withdrawal. Overall,
the median LVEF was well preserved throughout treatment. As in
the CLEOPATRA study, the addition of pertuzumab was not asso-
ciated with an increased signal of cardiac toxicity. In clinical prac-
tice, it is quite reasonable that infrequent LVEF monitoring in the
absence of clinical symptoms should be considered. The substudy
of cardiac biomarkers and echocardiogram strain imaging assess-
ments will be reported separately. Our data on the efficacy of
paclitaxel once per week with trastuzumab and pertuzumab in the
second-line setting are informative for patients who were not
treated with dual antibody therapy initially. In addition, Perez et
al23 reported the safety results of vinorelbine with trastuzumab and
pertuzumab, and we await the efficacy data. We also look forward
to seeing the efficacy and safety data of other chemotherapies
combined with these dual antibodies in ongoing trials.

With regard to adjuvant use, the median dose intensity of paclitaxel
given once per week was 80 mg/m2 during months 1 to 3 and 4 to 6 in our
study. This suggests that full-dose uninterrupted paclitaxel given once per

weekshouldbedeliverablewithtrastuzumabandpertuzumabinboththe
adjuvant and neoadjuvant settings. Our data support the use of paclitaxel
given once per week (in addition to docetaxel) with trastuzumab and
pertuzumab after an anthracycline-based treatment, such as the regimen
described in the (now enrolled) large randomized adjuvant APHINITY
(Adjuvant Pertuzumab and Herceptin in Initial Therapy) study as well as
therecentlyopenedKAITLIN(ARandomized,Multicenter,Open-Label,
Phase III Trial Comparing Trastuzumab Plus Pertuzumab Plus a Taxane
Following Anthracyclines Versus Trastuzumab Emtansine Plus Pertu-
zumab Following Anthracyclines As Adjuvant Therapy in Patients With
Operable HER2-Positive Primary Breast Cancer) trial.24,25 We note that
pertuzumab recently received an accelerated approval from the US Food
and Drug Administration when used in combination with docetaxel and
trastuzumab for three to six cycles in the neoadjuvant setting based on the
results of the NeoSphere (Neoadjuvant Study of Pertuzumab and Her-
ceptin in an Early Regimen Evaluation) and TRYPHAENA (Tolerability
of Pertuzumab, Herceptin and Anthracyclines in Neo-Adjuvant Breast
Cancer) studies.26-28

Overall, because of its efficacy and safety, this treatment has
already changed practice in the metastatic setting, in which it has
been considered a standard option in the first-line setting.29 It
has also changed guidelines in the adjuvant and neoadjuvant set-
tings.29 Finally, it has also influenced the design of other clinical
trials, including the postmarketing neoadjuvant study (BERENICE
[A Multicenter, Multinational, Phase II Study to Evaluate Pertu-
zumab in Combination With Trastuzumab and Standard Neoad-
juvant Anthracycline-Based Chemotherapy in Patients With
HER2-Positive, Locally Advanced, Inflammatory, or Early-Stage
Breast Cancer]) to assess cardiac safety for the US Food and Drug
Administration. The outcomes of patients with metastatic and
early-stage HER2-positive breast cancer have been significantly
improved because of effective HER2-directed agents, such as tras-
tuzumab, lapatinib, pertuzumab, and, recently, trastuzumab
emtansine. Our study provides additional evidence for a well-
tolerated, taxane-based approach using paclitaxel given once per
week with dual antibody therapy.
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