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Background

The anti–human epidermal growth factor receptor 2 (HER2) humanized monoclonal antibody trastuzumab improves the outcome in patients with HER2-positive metastatic breast cancer. However, most cases of advanced disease eventually progress.
Pertuzumab, an anti-HER2 humanized monoclonal antibody that inhibits receptor
dimerization, has a mechanism of action that is complementary to that of trastuz
umab, and combination therapy with the two antibodies has shown promising activity and an acceptable safety profile in phase 2 studies involving patients with
HER2-positive breast cancer.
Methods

We randomly assigned 808 patients with HER2-positive metastatic breast cancer to
receive placebo plus trastuzumab plus docetaxel (control group) or pertuzumab
plus trastuzumab plus docetaxel (pertuzumab group) as first-line treatment until
the time of disease progression or the development of toxic effects that could not
be effectively managed. The primary end point was independently assessed progression-free survival. Secondary end points included overall survival, progressionfree survival as assessed by the investigator, the objective response rate, and safety.
Results

The median progression-free survival was 12.4 months in the control group, as compared with 18.5 months in the pertuzumab group (hazard ratio for progression or
death, 0.62; 95% confidence interval, 0.51 to 0.75; P<0.001). The interim analysis of
overall survival showed a strong trend in favor of pertuzumab plus trastuzumab plus
docetaxel. The safety profile was generally similar in the two groups, with no increase
in left ventricular systolic dysfunction; the rates of febrile neutropenia and diarrhea
of grade 3 or above were higher in the pertuzumab group than in the control group.
Conclusions

The combination of pertuzumab plus trastuzumab plus docetaxel, as compared with
placebo plus trastuzumab plus docetaxel, when used as first-line treatment for HER2positive metastatic breast cancer, significantly prolonged progression-free survival,
with no increase in cardiac toxic effects. (Funded by F. Hoffmann–La Roche/Genentech; ClinicalTrials.gov number, NCT00567190.)

From the Massachusetts General Hospital Cancer Center and Harvard Medical
School, Boston (J.B.); the Vall d’Hebron
Institute of Oncology, Barcelona (J.C.);
the Department of Oncology, Asan Medical Center, University of Ulsan College of
Medicine (S.-B.K.), the Division of Hematology and Medical Oncology, Department
of Internal Medicine, Seoul National University College of Medicine (S.-A.I.), and
the Division of Hematology and Medical
Oncology, Department of Internal Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine
(Y.-H.I.) — all in Seoul, South Korea;
Hospital Pérola Byington and Faculdade de
Medicina da Universidade de São Paulo,
São Paulo (R.H.); Leningrad Regional Oncology Dispensary, St. Petersburg, Russia
(L.R.); Centro de Pesquisas Médicas e Ensaios Clínicos–Mastology Unit of Conceição
Hospital, Porto Alegre, Brazil (J.L.P.); Centrum Onkologii, Warsaw, Poland (T.P.);
Roche, Welwyn, United Kingdom (A.K.,
E.C., G.R.); Genentech, South San Francisco, CA (M.C.B.); and Washington Cancer Institute, MedStar Washington Hospital
Center, Washington, DC (S.M.S.). Address
reprint requests to Dr. Baselga at the Massachusetts General Hospital Cancer Center,
55 Fruit St., Lawrence House 108, Boston,
MA 02114, or at jbaselga@partners.org.
*The investigators in the Clinical Evaluation of Pertuzumab and Trastuzumab
(CLEOPATRA) study are listed in the
Supplementary Appendix, available at
NEJM.org.
This article (10.1056/NEJMoa1113216) was
published on December 7, 2011, at NEJM
.org.
N Engl J Med 2012;366:109-19.
Copyright © 2011 Massachusetts Medical Society.

n engl j med 366;2

nejm.org

january 12, 2012

The New England Journal of Medicine
Downloaded from nejm.org by MAURICIO LEMA on May 22, 2014. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.

109

The

n e w e ng l a n d j o u r na l

A

pproximately 20% of all breast cancers have gene amplification or overexpression (or both) of human epidermal growth
factor receptor 2 (HER2),1 a tyrosine kinase transmembrane receptor, resulting in a more aggressive phenotype and a poor prognosis.2 Treatment
with the anti-HER2 humanized monoclonal antibody trastuzumab in addition to chemotherapy, as
compared with chemotherapy alone, significantly
improves progression-free and overall survival
among patients with HER2-positive metastatic
breast cancer.3,4 Trastuzumab binds to subdomain
IV of the HER2 extracellular domain and exerts its
antitumor effects by blocking HER2 cleavage,5 stimulating antibody-dependent, cell-mediated cytotoxicity6 and inhibiting ligand-independent, HER2mediated mitogenic signaling.7 However, in most
patients with HER2-positive metastatic breast cancer, the disease progresses,8 highlighting the need
for new targeted therapies for advanced disease.
New therapies directed at HER2 are being developed,9-13 among them pertuzumab, a humanized monoclonal antibody that binds HER2 at a
different epitope of the HER2 extracellular domain
(subdomain II) than that at which trastuzumab
binds.14 Pertuzumab prevents HER2 from dimerizing with other ligand-activated HER receptors,
most notably HER3.9,15 Like trastuzumab, pertuz
umab stimulates antibody-dependent, cell-mediated cytotoxicity.6 Because pertuzumab and tras
tuzumab bind to different HER2 epitopes and
have complementary mechanisms of action, these
two agents, when given together, provide a more
comprehensive blockade of HER2 signaling and
result in greater antitumor activity than either
agent alone in HER2-positive tumor models.6,16
In phase 2 studies, a pertuzumab–trastuzumab
regimen has shown activity in patients with HER2positive metastatic breast cancer17,18 and in patients with early breast cancer.19
The Clinical Evaluation of Pertuzumab and
Trastuzumab (CLEOPATRA) study assessed the efficacy and safety of pertuzumab plus trastuzu
mab plus docetaxel, as compared with placebo plus
trastuzumab plus docetaxel, as first-line treatment
for patients with HER2-positive metastatic breast
cancer.
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HER2-positive metastatic breast cancer who had
not received chemotherapy or biologic therapy
for their metastatic disease. The study was conducted in full accordance with the guidelines for
Good Clinical Practice and the Declaration of
Helsinki. Written informed consent was obtained
from each participant. Approval for the protocol
and for any modifications was obtained from an
independent ethics committee for each participating site.
Patients were randomly assigned, in a 1:1 ratio, to receive placebo plus trastuzumab (Herceptin, F. Hoffmann–La Roche/Genentech) plus
docetaxel or pertuzumab (F. Hoffmann–La Roche/
Genentech) plus trastuzumab plus docetaxel. Randomization was performed with the use of an
interactive voice-response system, with stratification according to geographic region (Asia, Europe,
North America, or South America) and prior treatment status (prior adjuvant or neoadjuvant chemotherapy vs. none).
The primary end point was progression-free
survival, as determined on the basis of the assessment of tumors at an independent review facility
(independently assessed progression-free survival).
Progression-free survival was defined as the time
from randomization to the first documented radiographic evidence of progressive disease according to Response Evaluation Criteria in Solid Tumors (RECIST), version 1.0,20 or death from any
cause within 18 weeks after the last independent
assessment of tumors. Data for patients who did
not have evidence of independently assessed progressive disease or who had not died within 18
weeks after the last tumor assessment were censored at the time of the last independent tumor
assessment that provided results that could be
evaluated. Secondary end points included overall
survival, progression-free survival as assessed by
the investigator, the objective response rate, and
safety. Safety was monitored by an independent
data and safety monitoring committee and an independent cardiac review committee.
Study Oversight

The study was designed by the senior academic
authors and representatives of the sponsor (F. Hoffmann–La Roche/Genentech). The data were collected by the sponsor and were analyzed by the
Me thods
sponsor in collaboration with the senior academStudy Design
ic authors, who vouch for the completeness and
We conducted a randomized, double-blind, placebo- accuracy of the data and analyses and for the ficontrolled, phase 3 trial involving patients with delity of the study to the protocol. The correspond-
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ing author prepared the initial draft of the manuscript with support from a medical writer who
was paid by F. Hoffmann–La Roche. All the authors contributed to subsequent drafts and made
the decision to submit the manuscript for publication. The protocol, including the statistical analysis plan, is available with the full text of this article at NEJM.org.
Patients

Eligible patients had locally recurrent, unresectable, or metastatic HER2-positive breast cancer.
HER2-positive status was confirmed centrally, by
means of immunohistochemistry (with 3+ indicating positive status) or fluorescence in situ hybridization (with an amplification ratio ≥2.0 indicating positive status).21 Patients were eligible
whether they had measurable disease or nonmeasurable disease. Tumor hormone-receptor status was determined locally. Additional eligibility
criteria were an age of 18 years or older, a left
ventricular ejection fraction of 50% or more at
baseline (determined by echocardiography or multiple-gated acquisition scanning), and an Eastern
Cooperative Oncology Group (ECOG) performance
status22 of 0 or 1 (with 0 indicating that the patient is fully active and able to carry on all predisease activities without restriction and 1 indicating
that the patient is restricted in physically strenuous activity but is ambulatory and able to carry
out work of a light or sedentary nature). Patients
may have received one hormonal treatment for
metastatic breast cancer before randomization.
Patients may have received adjuvant or neoadjuvant chemotherapy with or without trastuzumab
before randomization, with an interval of at least
12 months between completion of the adjuvant
or neoadjuvant therapy and the diagnosis of metastatic breast cancer.
Exclusion criteria were therapy for metastatic
breast cancer (other than that described above),
central nervous system metastases, prior exposure
to a cumulative dose of doxorubicin that exceeded
360 mg per square meter of body-surface area or
its equivalent, a previous decline in the left ventricular ejection fraction to less than 50% during
or after prior trastuzumab therapy, and current
uncontrolled medical conditions that could limit a patient’s ability to undertake study therapy.

a maintenance dose of 6 mg per kilogram every
3 weeks until disease progression, as assessed by
the investigator on the basis of radiographic, cytologic, or photographic evidence, or the development of toxic effects that could not be effectively managed. Docetaxel was administered every
3 weeks at a starting dose of 75 mg per square
meter; at the discretion of the investigator, the dose
could be increased to 100 mg per square meter if
the side-effect profile was acceptable. Per protocol, the investigator could reduce the dose by 25%,
from 75 mg per square meter to 55 mg per square
meter or from 100 mg per square meter to 75 mg
per square meter, if the drug had toxic effects. It
was recommended that patients receive at least
six cycles of docetaxel. Pertuzumab or placebo was
given at a fixed loading dose of 840 mg, followed
by 420 mg every 3 weeks until disease progression
or the development of toxic effects that could not
be effectively managed. In the case of discontinuation of chemotherapy owing to toxic effects,
antibody therapy was continued until disease progression, the development of unacceptable toxic
effects, or withdrawal of consent. All drugs were
administered intravenously.
Assessments

Routine tumor assessments, based on RECIST,
were performed every 9 weeks by the investigator
and by personnel at the independent review facility; these assessments were performed until the
time of independently assessed disease progression or death. Decisions regarding treatment were
made by the investigator, solely on the basis of the
investigator’s assessment of disease progression.
Assessments of left ventricular ejection fraction
were performed at baseline, every 9 weeks during
the treatment period, at the time of discontinuation of treatment, every 6 months in the first year
after discontinuation, and annually thereafter for
up to 3 years. Laboratory tests were performed and
ECOG performance status was assessed every cycle (i.e., every 3 weeks). Adverse events were monitored continuously and were graded according to
the National Cancer Institute’s Common Terminology Criteria for Adverse Events, version 3.0 (http://
ctep.cancer.gov/protocolDevelopment/electronic_
applications/docs/ctcaev3.pdf).
Patients with cardiac events or serious adverse
events that were ongoing at the time of discontinuProcedures
ation of treatment were followed until resolution of
Patients received a loading dose of 8 mg of trastuz the event or stabilization of the patient’s condition,
umab per kilogram of body weight, followed by up to 1 year after administration of the final dose
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of the study drug. Patients with cardiac events or
treatment-related serious adverse events that occurred after discontinuation of treatment were followed for 1 year after the onset of the event.

sion-free survival after the occurrence of approximately 381 events of independently assessed disease progression or death from any cause within
18 weeks after the last independent assessment
of tumors; with that number of events, it was
Statistical Analysis
estimated that the study would have 80% power
We planned to enroll 800 patients in the study to detect a 33% improvement in median proand to perform the primary analysis of progres- gression-free survival in the pertuzumab group
Table 1. Baseline Characteristics of the Intention-to-Treat Population.*
Placebo plus
Trastuzumab plus
Docetaxel (N = 406)

Pertuzumab plus
Trastuzumab plus
Docetaxel (N = 402)

404 (99.5)

402 (100.0)

Median

54.0

54.0

Range

27–89

22–82

Asian

133 (32.8)

128 (31.8)

Black

20 (4.9)

10 (2.5)

White

235 (57.9)

245 (60.9)

Other

18 (4.4)

19 (4.7)

Asia

128 (31.5)

125 (31.1)

Europe

Characteristic
Female sex — no. (%)
Age — yr

Race or ethnic group — no. (%)†

Region — no. (%)
152 (37.4)

154 (38.3)

North America

68 (16.7)

67 (16.7)

South America

58 (14.3)

56 (13.9)

0

248 (61.1)

274 (68.2)

1

157 (38.7)

125 (31.1)

≥2

1 (0.2)

3 (0.7)

ECOG performance status — no. (%)‡

Disease type at screening — no. (%)
Nonvisceral

90 (22.2)

88 (21.9)

316 (77.8)

314 (78.1)

ER-positive, PgR-positive, or both

199 (49.0)

189 (47.0)

ER-negative and PgR-negative

196 (48.3)

212 (52.7)

11 (2.7)

1 (0.2)

Visceral
Hormone-receptor status — no. (%)

Unknown
HER2 status, assessed by immunohistochemistry — no. (%)
0 or 1+

2 (0.5)

4 (1.0)

2+

32 (7.9)

47 (11.7)

3+

371 (91.4)

350 (87.1)

1 (0.2)

1 (0.2)

Positive

383 (94.3)

384 (95.5)

Negative

4 (1.0)

1 (0.2)

19 (4.7)

17 (4.2)

Data not available
HER2 status, assessed by FISH — no. (%)

Data not available
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Table 1. (Continued.)
Placebo plus
Trastuzumab plus
Docetaxel (N = 406)

Characteristic

Pertuzumab plus
Trastuzumab plus
Docetaxel (N = 402)

Prior adjuvant or neoadjuvant chemotherapy — no. (%)
No

214 (52.7)

218 (54.2)

Yes§

192 (47.3)

184 (45.8)

Anthracycline

164 (40.4)

150 (37.3)

Hormone

97 (23.9)

106 (26.4)

Taxane

94 (23.2)

91 (22.6)

Trastuzumab

41 (10.1)

47 (11.7)

* Baseline characteristics did not differ significantly between the two groups. ER denotes estrogen receptor, FISH fluorescence in situ hybridization, HER2 human epidermal growth factor receptor 2, and PgR progesterone receptor.
† Race or ethnic group was determined by the investigator. The category of “Other” includes American Indian and Alaska
Native.
‡ The Eastern Cooperative Oncology Group (ECOG) performance status reflects the daily-living abilities of the patient, on
a scale of 0 (fully active without symptoms) to 5 (dead).
§ Patients may have received more than one form of adjuvant or neoadjuvant chemotherapy.

(hazard ratio, 0.75) at a two-sided significance
level of 5%. A prespecified interim analysis of
overall survival was performed at the time of
the primary analysis of independently assessed
progression-free survival. A Lan–DeMets alpha
spending function with the O’Brien–Fleming stopping boundary was applied to the interim analysis of overall survival. If the stopping boundary
was not crossed, patients were to continue to receive the study therapy (with group assignments
remaining concealed) until the final analysis of
overall survival, which is to be performed after
385 deaths have occurred. With this number of
deaths, we estimate that the study will have 80%
power to detect a 33% improvement in overall
survival in the pertuzumab group. Analyses of
progression-free survival, overall survival, and objective response rate were performed in the intention-to-treat population (all patients who underwent randomization). The log-rank test, with
stratification according to prior treatment status
and region, was used to compare independently
assessed progression-free survival between the two
groups. The Kaplan–Meier approach was used to
estimate the median independently assessed progression-free survival in each group. A Cox proportional-hazards model, with stratification according to prior treatment status and region, was
used to estimate the hazard ratio and 95% confidence intervals.
Prespecified subgroup analyses of indepenn engl j med 366;2

dently assessed progression-free survival were
performed to determine the consistency of the
treatment effect according to key baseline characteristics. Progression-free survival as assessed
by the investigator and overall survival were analyzed with the same methods as those used for the
analysis of independently assessed progressionfree survival. The objective response rate was
analyzed on data from patients who had independently assessed measurable disease at baseline and was compared between the groups with
the use of the Mantel–Haenszel test, with stratification according to prior treatment status and
region. Adverse events were evaluated descriptively
in the safety population (all patients who received
at least one dose of a study drug).

R e sult s
Study Population

During the period from February 2008 through
July 2010, a total of 808 patients were enrolled at
204 centers in 25 countries; 406 were randomly
assigned to placebo plus trastuzumab plus doce
taxel (control group), and 402 to pertuzumab plus
trastuzumab plus docetaxel (pertuzumab group)
(Fig. 1 in the Supplementary Appendix, available at
NEJM.org). The cutoff date for collection of data
was May 13, 2011. The baseline characteristics of
the patients were similar in the two groups (Table 1).
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Progression-free Survival

Treatment with pertuzumab plus trastuzumab plus
docetaxel, as compared with placebo plus tras
tuzumab plus docetaxel, significantly improved
independently assessed progression-free survival, with patients stratified according to prior
treatment status and region. The median independently assessed progression-free survival was
prolonged by 6.1 months, from 12.4 months in
the control group to 18.5 months in the pertuz
umab group (hazard ratio for progression or
death, 0.62; 95% confidence interval [CI], 0.51 to
0.75; P<0.001) (Fig. 1A). The benefit of pertuzu
mab–trastuzumab–docetaxel therapy with respect
to progression-free survival was observed across
all predefined subgroups (Fig. 1B). Among the
88 patients who had received adjuvant or neoadjuvant chemotherapy with trastuzumab, the median independently assessed progression-free
survival was 10.4 months in the control group, as
compared with 16.9 months in the pertuzumab
group (hazard ratio, 0.62; 95% CI, 0.35 to 1.07).
Among the 288 patients who had received adjuvant or neoadjuvant chemotherapy without trastuz
umab, the median independently assessed progression-free survival was 12.6 months in the
control group, as compared with 21.6 months in
the pertuzumab group (hazard ratio, 0.60; 95% CI,
0.43 to 0.83). The median investigator-assessed
progression-free survival was 12.4 months in the
control group, as compared with 18.5 months in
the pertuzumab group (hazard ratio, 0.65; 95% CI,
0.54 to 0.78; P<0.001).
Key Secondary Efficacy End Points

The interim analysis of overall survival was performed after 165 events (43% of the prespecified
total number for the final analysis) had occurred.
More deaths occurred in the control group than in
the pertuzumab group (96 [23.6%] vs. 69 [17.2%])
(Fig. 2). The hazard ratio was 0.64 (95% CI, 0.47 to
0.88; P = 0.005), which did not meet the O’Brien–
Fleming stopping boundary of the Lan–DeMets
alpha spending function for this interim analysis
of overall survival (hazard ratio, ≤0.603; P≤0.0012)
and was therefore not significant. However, the
data showed a strong trend toward a survival benefit with pertuzumab–trastuzumab–docetaxel
therapy. The median follow-up period in both
groups was 19.3 months (Kaplan–Meier estimate).
The objective response rate was 69.3% in the
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Figure 1 (facing page). Progression-free Survival,
as Assessed at an Independent Review Facility.
Panel A shows Kaplan–Meier estimates of progressionfree survival in the intention-to-treat population, stratified according to prior treatment and region. The median progression-free survival was longer by 6.1
months in the pertuzumab group (pertuzumab plus
trastuzumab plus docetaxel) than in the control group
(placebo plus trastuzumab plus docetaxel). The tick
marks indicate the times at which events were recorded.
Panel B shows hazard ratios and 95% confidence intervals for progression-free survival in all prespecified
subgroups according to baseline characteristics, without stratification. The hazard ratio for the category of
unknown status of estrogen receptor (ER) and progesterone receptor (PgR) was not quantifiable, owing to the
small number of patients in the group. FISH denotes
fluorescence in situ hybridization, and IHC immunohistochemistry.

control group, as compared with 80.2% in the
pertuzumab group. The difference in response
rates was 10.8 percentage points (95% CI, 4.2 to
17.5; P = 0.001) (Table 2). A fixed-sequence testing
hierarchy was prespecified: independently assessed
progression-free survival was to be tested first, followed by the secondary end point of overall survival and then by the secondary end point of objective response rate. Since overall survival at the
interim analysis did not cross the stopping boundary for significance, the statistical test result for
objective response rate is deemed to be exploratory.
Treatment Exposure

The median number of study-treatment cycles per
patient was 15 (range, 1 to 50) in the control
group and 18 (range, 1 to 56) in the pertuzumab
group, and the median duration of study treatment was estimated to be 11.8 months and 18.1
months in the two groups, respectively. Dose reductions were not permitted for placebo, pertuz
umab, or trastuzumab. Patients in each group
received docetaxel for a median of 8 cycles, with
a range of 1 to 41 cycles in the control group and
1 to 35 in the pertuzumab group. In the safety
population, the dose of docetaxel was increased
to 100 mg per square meter for one or more cycles in 61 patients in the control group (15.4%)
as compared with 48 patients in the pertuzu
mab group (11.8%). The median dose intensity
of docetaxel was 24.8 mg per square meter per
week in the control group and 24.6 mg per square
meter per week in the pertuzumab group. The rea-
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A Independently Assessed Progression-free Survival
100

Pertuzumab (median, 18.5 mo)
Control (median, 12.4 mo)

Progression-free Survival (%)

90
80
70
60
50
40

Hazard ratio, 0.62
(95% CI, 0.51–0.75)
P<0.001

30
20
10
0

0

5

10

15

20

25

30

35

40

32
17

10
7

0
0

0
0

Months
No. at Risk
Pertuzumab
Control

402
406

345
311

267
209

139
93

83
42

B Progression-free Survival in Prespecified Subgroups
Subgroup
All patients
Previous neoadjuvant or adjuvant
chemotherapy
No
Yes
Geographic region
Europe
North America
South America
Asia
Age group
<65 yr
≥65 yr
<75 yr
≥75 yr
Race or ethnic group
White
Black
Asian
Other
Disease type
Visceral disease
Nonvisceral disease
Hormone-receptor status
ER-positive, PgR-positive, or both
ER-negative and PgR-negative
ER and PgR status unknown
HER2 status
IHC 3+
FISH-positive

No. of
Patients

Hazard Ratio (95% CI)

808

0.63 (0.52–0.76)

432
376

0.63 (0.49–0.82)
0.61 (0.46–0.81)

306
135
114
253

0.72 (0.53–0.97)
0.51 (0.31–0.84)
0.46 (0.27–0.78)
0.68 (0.48–0.95)

681
127
789
19

0.65 (0.53–0.80)
0.52 (0.31–0.86)
0.64 (0.53–0.78)
0.55 (0.12–2.54)

480
30
261
37

0.62 (0.49–0.80)
0.64 (0.23–1.79)
0.68 (0.49–0.95)
0.39 (0.13–1.18)

630
178

0.55 (0.45–0.68)
0.96 (0.61–1.52)

388
408
12

0.72 (0.55–0.95)
0.55 (0.42–0.72)
—

721
767

0.60 (0.49–0.74)
0.64 (0.53–0.78)
0.0

0.2

0.4

0.6

1.0

Pertuzumab Better
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100
90

Overall Survival (%)

80
70

Hazard ratio, 0.64
(95% CI, 0.47–0.88)
P=0.005

60
50
40
30
20

Pertuzumab, 69 events
Control, 96 events

10
0

0

5

10

15

20

25

30

35

40

45

87
67

31
24

4
2

0
0

0
0

Months
No. at Risk
Pertuzumab
Control

402
406

387
383

367
347

251
228

161
143

Figure 2. Overall Survival.
Kaplan–Meier estimates of overall survival in patients in the intention-to-treat population are shown. The tick marks
indicate the times at which events were recorded. The interim overall survival analysis was performed after 165 events
(43% of the prespecified total number for the final analysis) had occurred: 96 events in the control group (placebo
plus trastuzumab plus docetaxel) and 69 events in the pertuzumab group (pertuzumab plus trastuzumab plus docetaxel).
The interim analysis of overall survival did not cross the O’Brien–Fleming stopping boundary threshold; therefore,
the interim result is not statistically significant and is deemed exploratory.

sons for permanent discontinuation of all study in the pertuzumab group. Among patients in
treatment are shown in Figure 1 in the Supple- whom the left ventricular ejection fraction was
mentary Appendix.
assessed after the baseline assessment, 6.6% in
the control group and 3.8% in the pertuzumab
Side-Effect Profile and Cardiac Safety
group had declines of 10 percentage points or
The adverse-event profile during the treatment more from baseline that resulted in a left venperiod was generally balanced between the two tricular ejection fraction of less than 50%.
groups (Table 3). The incidences of the adverse
In the safety population, most of the deaths
events (any grade) of diarrhea, rash, mucosal in- that occurred were attributed to disease progresflammation, febrile neutropenia, and dry skin were sion: 81 of the deaths in the control group (20.4%
higher by at least 5 percentage points in the per- of the patients in the control-group safety poputuzumab group than in the control group. The lation) and 57 of the deaths in the pertuzumab
incidences of grade 3 or higher febrile neutrope- group (14.0% of the patients in the pertuzumabnia and diarrhea were higher by at least 2 per- group safety population). The number and causes
centage points in the pertuzumab group than in of deaths other than deaths from disease prothe control group (Table 3). The incidence of fe- gression were generally balanced between the
brile neutropenia of grade 3 or higher among pa- two groups, and a similar number of patients
tients from Asia was 12% in the control group died as a result of adverse events (10 [2.5%] in the
and 26% in the pertuzumab group; in all other control group and 8 [2.0%] in the pertuzumab
geographic regions, the incidence was 10% or group); infections were the most common cause
less in both groups.
of death due to an adverse event.
Left ventricular systolic dysfunction (any grade)
was reported more frequently in the control group
Discussion
than in the pertuzumab group (8.3% vs. 4.4%).
Left ventricular systolic dysfunction of grade 3 We found that the combination of the anti-HER2
or higher was reported in 2.8% of the patients monoclonal antibodies pertuzumab and trastuz
in the control group and in 1.2% of the patients umab with docetaxel as first-line therapy pro116
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Table 2. Overall Response, as Assessed at an Independent Review Facility.*
Placebo plus Trastuzumab
plus Docetaxel (N = 336)

Response

Pertuzumab plus Trastuzumab
plus Docetaxel (N = 343)

number (percent)
Objective response

233 (69.3)

Complete response

275 (80.2)

14 (4.2)

19 (5.5)

219 (65.2)

256 (74.6)

Stable disease

70 (20.8)

50 (14.6)

Progressive disease

Partial response

28 (8.3)

13 (3.8)

Not assessable

2 (0.6)

2 (0.6)

No assessment performed

3 (0.9)

3 (0.9)

* Total numbers in the two groups represent the number of patients with measurable disease at baseline, as assessed at
an independent review facility.

longed progression-free survival in patients with
HER2-positive metastatic breast cancer. Treatment
with pertuzumab plus trastuzumab plus docetaxel, as compared with placebo plus trastuzumab
plus docetaxel, resulted in a significant reduction
in the risk of progression or death (hazard ratio,
0.62) and an increase of 6.1 months in median
progression-free survival. The survival data are not
yet mature, since the interim analysis of overall
survival was performed after 165 events had occurred (43% of the prespecified total number of
events for the final analysis). Although there is a
strong trend toward prolonged survival with pertuzumab plus trastuzumab plus docetaxel, the
result is exploratory, since it did not cross the
O’Brien–Fleming stopping boundary. The final
analysis of overall survival is event-driven and is
estimated to be performed in late 2013. To place
our results in perspective, the median progressionfree survival in the control group in our study
(12.4 months) was similar to that among HER2positive patients with metastatic breast cancer in
two other randomized studies who were treated
with the combination of trastuzumab and docetaxel (11.7 months4 and 11.1 months23).
The combination therapy with pertuzumab did
not increase the rates of symptomatic or asymptomatic cardiac dysfunction. Adverse events (any
grade) of diarrhea, rash, mucosal inflammation,
febrile neutropenia, and dry skin were reported
more frequently in the pertuzumab group than in
the control group. The events were mostly grade 1
or 2 and occurred during the period of concomitant docetaxel administration. Grade 3 or higher
febrile neutropenia and diarrhea were also increased in the pertuzumab group.
n engl j med 366;2

The underlying basis for the observed clinical
benefit of pertuzumab is likely to be related to
the biologic characteristics of the HER family of
transmembrane-spanning tyrosine kinase receptors, which consists of four closely related members: epidermal growth factor receptor (EGFR;
HER1), HER2, HER3, and HER4. Each receptor
is composed of an extracellular domain, where
ligand binding occurs, and an intracellular domain with tyrosine kinase activity. HER2 has no
ligand, and HER3 does not have tyrosine kinase
activity.16 Receptor dimerization is an essential
requirement for HER function and can occur between two different HER members (heterodimerization) or between two molecules of the same
receptor (homodimerization). On receptor dimerization, transactivation of the tyrosine kinase domains of the dimer moiety occurs as each receptor phosphorylates its partner. Although there are
multiple homomeric and heteromeric complexes,
the HER2–HER3 heterodimer is considered to be
the most potent signaling pair,15 driving cell proliferation in HER2-positive cancer.16,24 On binding of the ligand to HER3, dimerization of HER2
with HER3 occurs, and HER2 transphosphorylates HER3, resulting in activation of the critically
important phosphoinositide 3-kinase pathway.25
Pertuzumab prevents HER2 dimerization and, as
a consequence, inhibits HER2–HER3 signaling.26
Our findings suggest that targeting HER2positive tumors with two anti-HER2 monoclonal
antibodies that have complementary mechanisms
of action results in a more comprehensive blockade of HER2 and highlights the clinical importance of preventing the ligand-dependent formation of HER2 dimers in order to silence HER2
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Table 3. Adverse Events in the Safety Population.*
Placebo plus Trastuzumab
plus Docetaxel (N = 397)

Adverse Event

Pertuzumab plus Trastuzumab
plus Docetaxel (N = 407)

number (percent)
Most common events, all grades†
Diarrhea

184 (46.3)

272 (66.8)

Alopecia

240 (60.5)

248 (60.9)

Neutropenia

197 (49.6)

215 (52.8)

Nausea

165 (41.6)

172 (42.3)

Fatigue

146 (36.8)

153 (37.6)

Rash
Decreased appetite
Mucosal inflammation

96 (24.2)

137 (33.7)

105 (26.4)

119 (29.2)

79 (19.9)

113 (27.8)

Asthenia

120 (30.2)

106 (26.0)

Peripheral edema

119 (30.0)

94 (23.1)

Constipation

99 (24.9)

61 (15.0)

Febrile neutropenia

30 (7.6)

56 (13.8)

Dry skin

17 (4.3)

43 (10.6)

Grade 3 or higher events‡
182 (45.8)

199 (48.9)

Febrile neutropenia

Neutropenia

30 (7.6)

56 (13.8)

Leukopenia

58 (14.6)

50 (12.3)

Diarrhea

20 (5.0)

32 (7.9)

Peripheral neuropathy

7 (1.8)

11 (2.7)

14 (3.5)

10 (2.5)

Asthenia

6 (1.5)

10 (2.5)

Fatigue

13 (3.3)

9 (2.2)

Anemia

Granulocytopenia
Left ventricular systolic dysfunction
Dyspnea

9 (2.3)

6 (1.5)

11 (2.8)

5 (1.2)

8 (2.0)

4 (1.0)

* The safety population includes all patients who received at least one dose of the study drug.
† Included are all grades of adverse events with an incidence of 25% or more in either group or at least a 5% difference
in incidence between groups.
‡ Included are adverse events of grade 3 or higher with an incidence of at least 2%.

signaling to the greatest extent possible.9,27 Although the number of patients who had received
prior adjuvant or neoadjuvant chemotherapy with
trastuzumab was small, the progression-free survival benefit of pertuzumab plus trastuzumab plus
docetaxel therapy in those patients (hazard ratio, 0.62) was similar to the benefit observed in
patients who had received prior adjuvant or neoadjuvant chemotherapy without trastuzumab (hazard ratio, 0.60). Finally, our findings suggest that a
study of pertuzumab and trastuzumab in earlier
118
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stages of the disease is warranted. A study of adjuvant therapy in patients with newly diagnosed
HER2-positive breast cancer has been initiated (Adjuvant Pertuzumab and Herceptin in Initial Therapy in Breast Cancer [APHINITY], NCT01358877).
Supported by F. Hoffmann–La Roche/Genentech, a member
of the Roche Group. Support for writing assistance by a third
party (Vilma Graupner, Ph.D.) was provided by F. Hoffmann–La
Roche.
Disclosure forms provided by the authors are available with the
full text of this article at NEJM.org.
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