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A B S T R A C T

Purpose
Trastuzumab and pertuzumab are human epidermal growth factor receptor 2 (HER2) –targeted
monoclonal antibodies, and trastuzumab emtansine (T-DM1) is an antibody–drug conjugate that
combines the properties of trastuzumab with the cytotoxic activity of DM1. T-DM1 demonstrated
encouraging efficacy and safety in a phase II study of patients with previously untreated HER2-
positive metastatic breast cancer. Combination T-DM1 and pertuzumab showed synergistic activity
in cell culture models and had an acceptable safety profile in a phase Ib and II study.

Methods
In the MARIANNE study, 1,095 patients with centrally assessed, HER2-positive, advanced breast
cancer and no prior therapy for advanced disease were randomly assigned 1:1:1 to control (tras-
tuzumab plus taxane), T-DM1 plus placebo, hereafter T-DM1, or T-DM1 plus pertuzumab at standard
doses. Primary end point was progression-free survival (PFS), as assessed by independent review.

Results
T-DM1 and T-DM1 plus pertuzumab showed noninferior PFS compared with trastuzumab plus
taxane (median PFS: 13.7 months with trastuzumab plus taxane, 14.1 months with T-DM1, and
15.2 months with T-DM1 plus pertuzumab). Neither experimental arm showed PFS superiority to
trastuzumab plus taxane. Response rate was 67.9% in patients who were treated with trastuzumab
plus taxane, 59.7% with T-DM1, and 64.2% with T-DM1 plus pertuzumab; median response du-
ration was 12.5 months, 20.7 months, and 21.2 months, respectively. The incidence of grade $ 3
adverse events was numerically higher in the control arm (54.1%) versus the T-DM1 arm (45.4%)
and T-DM1 plus pertuzumab arm (46.2%). Numerically fewer patients discontinued treatment
because of adverse events in the T-DM1 arms, and health-related quality of life was maintained for
longer in the T-DM1 arms.

Conclusion
T-DM1 showed noninferior, but not superior, efficacy and better tolerability than did taxane plus
trastuzumab for first-line treatment of HER2-positive, advanced breast cancer.

J Clin Oncol 35:141-148. © 2016 by American Society of Clinical Oncology. Creative Commons At-
tribution Non-Commercial No Derivatives 4.0 License: https://creativecommons.org/licenses/by-nc-nd/4.0/

INTRODUCTION

Overexpression of human epidermal growth
factor receptor 2 (HER2) occurs in 15% to 20% of
breast cancers.1-3 Addition of the HER2-targeted
monoclonal antibody, trastuzumab, to chemo-
therapy significantly improves survival relative to
chemotherapy alone in patients with previously

untreated HER2-positive metastatic breast cancer
(MBC).4 Pertuzumab is an HER2-targeted mono-
clonal antibody that inhibits ligand-dependent
signaling by preventing HER2/HER3 dimerization
and activates antibody-dependent cell-mediated
cytotoxicity.5,6 Addition of pertuzumab to trastu-
zumab plus docetaxel further improves survival7

and is the current standard of care for patients with
previously untreated HER2-positive MBC.8,9
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Antibody2drug conjugates aim to minimize toxicity by se-
lectively delivering the cytotoxic agent to tumor cells, thereby
minimizing systemic exposure.10 Trastuzumab emtansine (T-
DM1) is an antibody2drug conjugate that combines trastuzu-
mab with DM1, a cytotoxic agent that induces cell death by
inhibiting microtubule polymerization. As with trastuzumab,
T-DM1 inhibits HER2 signaling, activates antibody-dependent
cellular cytotoxicity, and inhibits HER2 shedding.11,12 T-DM1
has demonstrated superior efficacy and improved tolerability
compared with the previous standard of care in two phase III trials
in patients with previously treated HER2-positive, advanced breast
cancer.13,14 This led to approval of T-DM1 for treatment of patients
with HER2-positive MBC who previously received trastuzumab
and a taxane, separately or in combination.8,9

The MARIANNE study was designed to assess the efficacy and
safety of T-DM1 and T-DM1 plus pertuzumab compared with
trastuzumab plus taxane in patients with HER2-positive, advanced
breast cancer and no prior therapy for advanced disease. When the
study was designed in 2009, taxane in combination with trastu-
zumab was the most commonly used regimen for these patients.
T-DM1 had demonstrated encouraging efficacy and safety in phase
II studies of previously treated MBC15,16 and previously untreated
advanced breast cancer.17 Combination of T-DM1 and pertuzumab
had shown synergistic cytotoxic activity in cell culture and enhanced
antitumor activity in xenograft models,18 as well as an acceptable
safety profile, with evidence of activity in a phase Ib and II study.19

METHODS

Study Design
MARIANNE is an international, three-arm, randomized, phase III

study. The study was conducted in accordance with the International
Conference on Harmonization Good Clinical Practice standards and the
Declaration of Helsinki. The study was approved by the relevant in-
stitutional review boards or independent ethics committees at each site.
Patients provided written informed consent.

Patients were randomly assigned 1:1:1 to trastuzumab plus taxane
(control), T-DM1 plus placebo, hereafter T-DM1, or T-DM1 plus per-
tuzumab by using a hierarchical, dynamic random assignment procedure
conducted through an interactive voice-response system. Stratification
factors were world region, prior neoadjuvant or adjuvant therapy (if yes,
then by prior trastuzumab and/or lapatinib therapy), and visceral disease
(presence or absence). The study was open label with respect to assignment
to control arm versus T-DM1–containing arms, which were blinded with
respect to pertuzumab versus placebo.

The primary end point—progression-free survival (PFS)—was
assessed by independent review. PFS was defined as the time from random
assignment to disease progression or death from any cause. Progression
was assessed by using Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1.20 Secondary end points included overall survival
(OS), objective response rate (ORR), duration of response, health-related
quality of life (HRQOL) as assessed by using the Trial Outcome Index-
Physical/Functional/Breast (TOI-PFB) of the Functional Assessment of
Cancer Therapy-Breast (FACT-B),21 and safety. OS was defined as the time
from random assignment to death from any cause. Independent data
monitoring and cardiac review committees monitored safety.

Study Oversight
The study was designed by the trial steering committee and repre-

sentatives of the sponsors, F. Hoffmann–La Roche and Genentech. Data

were collected by the sponsor and analyzed in collaboration with the
authors, who are responsible for the completeness and accuracy of the data
and analyses and for the fidelity of the study to the protocol.

Patients
Eligible patients had HER2-positive (immunohistochemistry 3+ and/

or in situ hybridization positive, prospectively and centrally confirmed at
Targos Molecular Pathology GmbH [Kassel, Germany]) advanced breast
cancer—that is, unresectable, progressive or recurrent locally advanced, or
previously untreated MBC. Patients were age $ 18 years and had an
Eastern Cooperative Oncology Group performance status of 0 or 1 and
measurable and/or nonmeasurable disease that was evaluable on the basis
of RECIST 1.1.20 Patients were not eligible if they had received prior
chemotherapy in the advanced setting; however, prior hormonal treatment
of advanced breast cancer was allowed. Additional exclusion criteria in-
cluded prior neoadjuvant and/or adjuvant vinca alkaloid or taxane che-
motherapy less than 6 months before advanced breast cancer diagnosis and
left ventricular ejection fraction of , 50% at baseline.

Procedures
Investigators chose the control treatment: docetaxel plus trastuzumab

or paclitaxel plus trastuzumab. Docetaxel (75 mg/m2 or 100 mg/m2 ad-
ministered intravenously [IV] every 3 weeks) or paclitaxel (80 mg/m2 IV
weekly) were administered for a minimum of six cycles (18 weeks) until
disease progression or unacceptable toxicity. Trastuzumab was adminis-
tered at standard doses (with docetaxel: 8 mg/kg IV loading dose, 6 mg/kg
IV for subsequent cycles; with paclitaxel: 4 mg/kg IV loading dose, 2 mg/kg
IV in subsequent weeks). If taxane or trastuzumab were discontinued for
toxicity, treatment with the remaining agent was permitted. T-DM1 and
pertuzumab were administered at standard doses (T-DM1: 3.6 mg/kg IV
every 3 weeks; pertuzumab 840 mg IV loading dose, 420 mg IV every
3 weeks for subsequent cycles). No dose reductions were permitted for
trastuzumab or pertuzumab. Criteria for dose adjustments are listed in
Appendix Table A1 (online only).

The protocol-defined schedule for tumor assessments, completion of
the FACT-B, and safety monitoring is listed in Appendix Table A2 (online
only). FACT-B assessment schedule was modified in a protocol amend-
ment (March 7, 2011) to increase data collection frequency to better assess
treatment impact.

Statistical Analysis
Efficacy end points were assessed in the intention-to-treat pop-

ulation. Safety analyses included all patients who received at least one dose
of study treatment. Assessment of the primary efficacy end point was
planned when approximately 678 PFS events by independent review had
occurred. A two-sided stratified log-rank test was used to compare PFS
between treatment groups. PFS was also descriptively assessed in pre-
specified subgroups. Two prespecified interim OS analyses and a final OS
analysis were planned, applying a Lan-DeMets alpha spending function
with Pocock stopping boundary. The first OS interim analysis was per-
formed at the time of PFS analysis. Final analysis of OS is planned to occur
at a minimum follow-up of 46 months after the last patient has been
enrolled. If the OS analysis in the intention-to-treat population shows
statistical significance, eligible patients would be permitted to switch from
trastuzumab plus taxane to T-DM1 or T-DM1 plus pertuzumab.

A clinically meaningful difference in HRQOL was defined as a $ 5-
point decrease from baseline FACT-B TOI-PFB score22; a sensitivity
analysis was conducted to compare overall results with the postamendment
population. For analysis of time-to-event end points (PFS, OS, FACT-B),
median time to event was estimated by using the Kaplan-Meier method,
and hazard ratios (HRs) and CIs were computed by using stratified and
unstratified Cox proportional hazards regression models. Adverse events
(AEs) were evaluated descriptively.
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Statistical analyses were conducted independently to compare each
of the T-DM12containing arms with control. For each comparison,
confirmatory hierarchical statistical testing was performed in a pre-
specified sequential order as long as statistical significance was obtained.
Overall a-level of 5% was split, with 2.5% allocated to each comparison
(Appendix Fig A1, online only). Confirmatory comparisons between
T-DM12containing arms were to be conducted only if PFS superiority for
T-DM1 plus pertuzumab versus control was demonstrated.

The study had 80% power for PFS noninferiority and superiority
analyses. Noninferiority was established if the upper limit of the 97.5% CI
for HR was below a prespecified noninferiority margin of HR, 1.1765.
This noninferiority margin corresponds to a 15% reduction in median
PFS, from 11 months assumed for the control arm to 9.35 months for
T-DM1–containing arms. Target HR for superiority was 0.75 (33.3%
improvement in median PFS from 11 months to 14.7 months) for
T-DM1–containing regimens compared with control, and 0.73 for
comparison between T-DM1–containing regimens (37% improvement
in median PFS from 14.7 months to 20.1 months). PFS superiority was
established if the P value obtained from the stratified log-rank test was
# .025. Further details on sample size considerations are provided in the
Appendix.

RESULTS

Study Population
Between July 6, 2010 andMay 2, 2012, 1,095 patients from 241

study sites in 38 countries (Fig 1 and Appendix Fig A2, online only)
were randomly assigned to trastuzumab plus taxane (n = 365),
T-DM1 (n = 367), and T-DM1 plus pertuzumab (n = 363). In the
control arm, 257 patients received trastuzumab plus docetaxel and
96 patients received trastuzumab plus paclitaxel. The data cutoff
was September 16, 2014. Baseline demographics and disease char-
acteristics were well-balanced between treatment groups (Table 1).
Median duration of follow-up was approximately 35 months in
all three arms.

Primary End Point
Treatment with T-DM1 and T-DM1 plus pertuzumab showed

noninferior PFS compared with trastuzumab plus taxane, but did

Assessed for eligibility
(N = 1,629)

Allocated to T-DM1
(n = 367)

Allocated to trastuzumab
 + taxane
(n = 365) 

Discontinued treatment‡

    Discontinued trastuzumab
    Discontinued taxane

Reason for discontinuation by component

    Discontinued T-DM1
    Discontinued placebo

Reason for discontinuation by component

    Discontinued T-DM1
    Discontinued pertuzumab

Reason for discontinuation by component

Trastuzumab Taxane

Progressive disease (n = 233) (n = 83)
Physician decision (n = 16) (n = 136)
Adverse events (n = 19) (n = 97)
Patient decision (n = 32) (n = 29)
Death (n = 5) (n = 5)
Other (n = 7) (n = 6)

T-DM1 Placebo

Progressive disease (n = 209) (n = 224)
Physician decision (n = 12) (n = 17)
Adverse events (n = 62) (n = 32)
Patient decision (n = 20) (n = 21)
Death (n = 4) (n = 4)
Other (n = 7) (n = 8)

T-DM1 Pertuzumab

Progressive disease (n = 196) (n = 209)
Physician decision (n = 8) (n = 8)
Adverse events (n = 67) (n = 40)
Patient decision (n = 14) (n = 15)
Death (n = 8) (n = 8)
Other (n = 12) (n = 12)

Received treatment
(n = 361)

Received treatment
(n = 366)

Allocated to T-DM1
 + pertuzumab

(n = 363)

Intention-to-treat
population

Safety
population

Randomly assigned
(N = 1,095)

Discontinued treatment‡ Discontinued treatment‡

Excluded
 Did not meet eligibility criteria
 Declined to participate
 Other reasons

(n = 534)
(n = 445)
(n = 30)
(n = 59)

  Did not receive
  treatment
  Other

(n = 10)

(n = 2)*

  Did not receive 
  treatment
  Other

(n = 2)

(n = 6)†

  Did not receive
  treatment

(n = 3)

Received treatment

    Received trastuzumab + docetaxel
    Received trastuzumab + paclitaxel

(n = 353)

(n = 257)
(n = 96)

(n = 313)

(n = 312)
(n = 356)

(n = 303)

(n = 314)
(n = 306)

(n = 291)

(n = 305)
(n = 292)

Fig 1. Enrollment, intention-to-treat, and safety populations, treatment discontinuations, and withdrawals. (*)Two patients who were randomly assigned to the
trastuzumab plus taxane arm received three cycles of trastuzumab emtansine (T-DM1; one patient received one cycle, one patient two cycles). These patients were
included in the T-DM1 group for the safety analyses. (†)Six patients who were randomly assigned to T-DM1 received six cycles of pertuzumab. These patients were
included in the T-DM1 plus pertuzumab group for the safety analyses. (‡)Discontinuation of all components of the treatment regimen. The safety analysis population
included all patients who received at least one dose of study treatment.
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not show superiority (stratified HR for T-DM1 v trastuzumab plus
taxane, 0.91; 97.5% CI, 0.73 to 1.13; P = .31; stratified HR for
T-DM1 plus pertuzumab v trastuzumab plus taxane, 0.87; 97.5%
CI, 0.69 to 1.08; P = .14; [noninferiority margin for the upper
boundary of the 97.5% CI was 1.18]; Fig 2A). Median PFS was
13.7 months with trastuzumab plus taxane, 14.1 months with
T-DM1, and 15.2 months with T-DM1 plus pertuzumab. Addition
of pertuzumab to T-DM1 did not improve PFS (stratified HR for
T-DM1 plus pertuzumab v T-DM1, 0.91; 97.5% CI, 0.73 to 1.13).

Of 231 PFS events in the trastuzumab plus taxane arm, the
earliest contributing event to PFS was death in 31 cases and disease
progression in 200 cases. In the T-DM1 arm, 236 PFS events
occurred, including 11 deaths and 225 cases of disease progression
as the earliest contributing event, and in the T-DM1 plus pertu-
zumab arm, 217 PFS events occurred, including 23 deaths and 194
cases of disease progression as the earliest contributing event.

PFS was descriptively analyzed in prespecified subgroups and
findings were generally consistent with the main analysis con-
ducted in the intention-to-treat population (Fig 2B); however,
there was a numerical trend that favored treatment with T-DM1 for

patients who had received previous neoadjuvant or adjuvant
therapy with trastuzumab or lapatinib (prior treatment: HR, 0.75
[97.5% CI, 0.52 to 1.09]; no prior treatment: HR, 1.12 [97.5% CI,
0.82 to 1.54]) and for patients who had received prior taxane (prior
taxane: HR, 0.69 [97.5% CI, 0.48 to 0.99]; no prior taxane: HR,
1.10 [97.5%CI, 0.85 to 1.41]). Similar results were observed for the
subgroup analysis of T-DM1 plus pertuzumab versus control
(Appendix Fig A2). Subgroup analyses that compared patients who
were treated with T-DM1 versus T-DM1 plus pertuzumab showed
no notable differences in PFS (Appendix Fig A3, online only). In
a post hoc, nonrandomized comparison, median duration of PFS
was numerically similar between patients in the control arm who
were treated with docetaxel versus paclitaxel (data not shown).

Secondary End Points
In the first interim OS analysis, median OS was not reached in

any treatment group (Appendix Fig A4, online only), and the
Kaplan-Meier curves were overlapping for the three treatment
arms (stratified HRs: T-DM1 v trastuzumab plus taxane, 0.86

Table 1. Demographic and Baseline Characteristics

Characteristic
Trastuzumab + Taxane

(n = 365), No. (%) T-DM1 (n = 367), No. (%)
T-DM1 + Pertuzumab
(n = 363), No. (%)

Age, year
Median 55 52 52
Range (22-88) (27-82) (27-86)

Race
White 232 (63.6) 239 (65.1) 233 (64.2)
Black 23 (6.3) 11 (3.0) 10 (2.8)
Asian 89 (24.4) 84 (22.9) 83 (22.9)
Other 21 (5.8) 33 (9.0) 37 (10.2)

World region
Western Europe, Canada, Australia/Pacific 137 (37.5) 134 (36.5) 137 (37.7)
Asia 76 (20.8) 77 (21.0) 74 (20.4)
Eastern Europe 56 (15.3) 59 (16.1) 56 (15.4)
United States 43 (11.8) 46 (12.5) 42 (11.6)
Other 53 (14.5) 51 (13.9) 54 (14.9)

ECOG PS*
0 245 (67.1) 239 (65.1) 235 (64.7)
1 119 (32.6) 128 (34.9) 127 (35.0)

ER/PR status†
ER and/or PR positive 207 (56.7) 195 (53.1) 198 (54.5)
ER and PR negative 154 (42.2) 160 (43.6) 156 (43.0)

Visceral involvement
Yes 241 (66.0) 251 (68.4) 259 (71.3)
No 124 (34.0) 116 (31.6) 104 (28.7)

Measurable disease
Yes 287 (78.6) 303 (82.6) 299 (82.4)
No 78 (21.4) 64 (17.4) 64 (17.6)

Prior neoadjuvant/adjuvant therapy
None 159 (43.6) 165 (45.0) 158 (43.5)
HER2-directed (trastuzumab/lapatinib) 113 (31.0) 113 (30.8) 117 (32.2)
Taxane 120 (32.9) 108 (29.4) 129 (35.5)
Anthracycline 152 (41.6) 162 (44.1) 168 (46.3)
Hormonal 86 (23.6) 85 (23.2) 90 (24.8)

Prior LABC/MBC therapy
Hormonal 26 (7.1) 21 (5.7) 20 (5.5)
HER2 directed 8 (2.2) 9 (2.5) 8 (2.2)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; LABC,
locally advanced breast cancer; MBC, metastatic breast cancer; PR, progesterone receptor; T-DM1, trastuzumab emtansine.
*ECOG PS = 2 was an exclusion criterion (n = 2).
†Twenty-five patients had unknown ER/PR status.
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B

Baseline Risk Factors

Total

No.

Trastuzumab 

+ Taxane

(n = 365)

Median, Mo 

T-DM1

(n = 367)

Median, Mo  HR (97.5% CI)

T-DM1 Better

Trastuzumab +

Taxane Better

All patients 732 13.7 14.1 0.94 (0.76 to 1.16)

World region*

Asia 153 17.2 11.9 1.16 (0.72 to 1.85)

E. Europe

W. Europe, Canada, Australia/Pacific

115 12.4 12.4 1.00 (0.59 to 1.69)

271 14.0 15.9 0.89 (0.63 to 1.25)

United States  89 12.9 12.6 0.82 (0.45 to 1.49)

Others 104 10.5 14.6 0.75 (0.44 to 1.29)

Neoadjuvant/adjuvant therapy*

Yes, trastuzumab or lapatanib 226 10.3 15.2 0.75 (0.52 to 1.09)

Yes, not trastuzumab or lapatanib 182 16.5 18.0 0.86 (0.56 to 1.32)

No 324 14.8 12.4 1.12 (0.82 to 1.54)

Visceral involvement*

Yes 492 12.5 12.4 0.92 (0.72 to 1.18)

No 240 18.1 19.5 0.96 (0.64 to 1.42)

Age group, years

< 65 609 13.2 13.3 0.96 (0.77 to 1.21)

≥ ≥ 65 123 14.6 19.5 0.82 (0.49 to 1.39)

Hormonal status

ER+ and/or PR+ 402 13.7 13.4 0.94 (0.71 to 1.25)

ER- and PR- 314 14.0 13.3 1.00 (0.73 to 1.37)

Prior taxane

Yes 233 10.8 15.2 0.69 (0.48 to 0.99)

No 499 14.9 12.6 1.10 (0.85 to 1.41)
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20 Trastuzumab + taxane (n = 365)
T-DM1 (n = 367)
T-DM1 + pertuzumab (n = 363)

0 6 12 18 24

Time (months)
30 36 42 48 54

365

367

363

No. at risk:

Trastuzumab + taxane

T-DM1

T-DM1 + pertuzumab

265

257

261

163

176

177

107

133

135

  75

104

109

50
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75

21

28

25

5

3

5 1

Median PFS (months)

No. of events

Stratified HR (97.5% CI) v

Stratified HR (97.5% CI) v T-DM1

trastuzumab + taxane

T-DM1

14.1

236

0.91 (0.73 to 1.13)

P = .31

—

13.7

231

—

—

Trastuzumab

+ taxane

15.2

217

0.87 (0.69 to 1.08)

P = .14

0.91 (0.73 to 1.13)

T-DM1 +

pertuzumab

Fig 2. Progression-free survival, as assessed by independent review. (A) Kaplan-Meier estimates of progression-free survival in the intention-to-treat population.
Stratified hazard ratios and 97.5% CIs obtained from stratified Cox proportional hazards regression model and P values retrieved from stratified log-rank tests are shown.
Stratification was according to world region, prior neoadjuvant/adjuvant therapy, and presence of visceral disease. (B) Progression-free survival assessed in prespecified
patient subgroups for trastuzumab emtansine (T-DM1) compared with trastuzumab plus taxane. Medians, unstratified hazard ratios, and 97.5% CIs for progression-free
survival comparing T-DM1 and trastuzumab plus taxane in prespecified subgroups representing stratification factors and clinically important variables. Vertical dashed line
indicates the hazard ratio for all patients. (*)Stratification factor. ER, estrogen receptor; HR, hazard ratio; PR, progesterone receptor.
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[97.5% CI, 0.64 to 1.16]; T-DM1 plus pertuzumab v trastuzumab
plus taxane, 0.82 [97.5% CI, 0.61 to 1.11]; T-DM1 plus pertu-
zumab v T-DM1, 1.00 [97.5% CI, 0.74 to 1.35]).

ORR analysis included 287 (78.6%), 303 (82.6%), and 299
(82.4%) patients with measurable disease at baseline in the
trastuzumab plus taxane, T-DM1, and T-DM1 plus pertuzumab
treatment arms, respectively. ORR was 67.9% with trastuzumab
plus taxane (195 of 287; 95% CI, 62.3% to 73.3%), 59.7% with
T-DM1 (181 of 303; 95% CI, 54.1% to 65.3%), and 64.2% with
T-DM1 plus pertuzumab (192 of 299; 95% CI, 58.6% to 69.7%;
Appendix Fig A5A, online only). In patients who achieved response,
median duration of response was 12.5 months with trastuzumab
plus taxane (95% CI, 10.5 to 16.6 months), 20.7 months with
T-DM1 (95% CI, 14.8 to 25.0 months), and 21.2 months with T-DM1
plus pertuzumab (95% CI, 15.8 to 29.3 months; Appendix Fig A5B).
Additional details on response are available in the Appendix
(Appendix Fig A5).

Median time to a clinically meaningful decrease in HRQOL
from baseline was 3.6 months with trastuzumab plus taxane,
7.7 months with T-DM1, and 9.0 months with T-DM1 plus
pertuzumab (Table 2). Results from the sensitivity analysis were
consistent (Appendix Table A3, online only).

Treatment Exposure
In the control arm, the median number of cycles was 7 for

docetaxel (range, 1 to 58), 7 for paclitaxel (range, 1 to 42), and 15
for trastuzumab (range, 1 to 69). In the T-DM1 arm, the median
number of cycles was 15 (range, 1 to 65) and in the T-DM1-plus-
pertuzumab arm, it was 15 (range, 1 to 68) for T-DM1 and 16.5 for
pertuzumab (range, 1 to 66). In the control arm, 26.1% and 28.1%
of patients who received docetaxel or paclitaxel, respectively,
required one dose reduction; one additional patient treated
with docetaxel required two dose reductions. In the T-DM1 and
T-DM1-plus-pertuzumab arms, 13.6% and 14.8% of patients
required a reduction in T-DM1 to 3.0 mg/kg, and an additional
10.5% and 9.0% of patients, respectively, required a second dose
reduction to 2.4 mg/kg. Treatment discontinuations as a result of
toxicity occurred less often in the T-DM1 arms; 29.7% of patients
in the control arm and 18.3% and 19.1% of patients in the T-DM1

and T-DM1-plus-pertuzumab arms, respectively, discontinued any
component of their treatment regimen as a result of AEs.

Safety
Incidence of grade $ 3 AEs was numerically higher in the

control arm (54.1%) than in T-DM1–containing arms (45.4% for
T-DM1; 46.2% for T-DM1 plus pertuzumab). The most com-
monly reported grade $ 3 AEs in the trastuzumab plus taxane
group were neutropenia (19.8%), febrile neutropenia (6.5%), and
diarrhea (4.2%; Table 3). In the T-DM1 arms, the most commonly
reported grade $ 3 AEs were increased aspartate aminotransfer-
ase (6.6%), thrombocytopenia (6.4%), and anemia (4.7%) with
T-DM1, and thrombocytopenia (7.9%), anemia (6.0%), and in-
creased alanine aminotransferase (5.2%) with T-DM1 plus per-
tuzumab. With the exception of an increase in grade $ 3 diarrhea
(2.5% v 0.3% for T-DM1), addition of pertuzumab to T-DM1 did
not substantially increase the incidence of high-grade toxicity.

The most commonly reported all-grade AEs that occurred
more frequently in the control arm than in T-DM1 arms—with at
least a 5-percentage-point difference between arms—were alopecia
(59.8% v 6.6% with T-DM1 and 9.0% with T-DM1 plus pertu-
zumab), diarrhea (48.7% v 25.2% and 48.1%), and peripheral
neuropathy (28.0% v 13.3% and 17.8%; Table 3). All-grade AEs
that were more frequent in the T-DM1 arm versus control were
nausea (47.1% v 37.1%), headache (32.1% v 22.1%), and epistaxis
(31.0% v 14.7%). Addition of pertuzumab to T-DM1 generally did
not substantially increase the incidence of all-grade toxicities, but it
did result in a higher incidence of diarrhea (48.1% v 25.2% with
T-DM1), as well as vomiting (30.1% v 21.6%) and chills (26.8% v
15.5%).

A left ventricular ejection fraction of , 50% with a $ 15-
percentage-point decrease from baseline was observed in 0.8% of
patients who were treated with T-DM1 versus 4.5% with trastu-
zumab plus taxane and 2.5% with T-DM1 plus pertuzumab.

In the safety population, most deaths were attributed to
disease progression: 116 (94.3%) of 123 deaths in the control arm,
106 (93.0%) of 114 deaths in the T-DM1 arm, and 106 (91.4%) of
116 deaths in the T-DM1–plus-pertuzumab arm. The number of
patients who died as a result of AEs was balanced across treatment
arms: 6 (1.7%) in the control arm, 4 (1.1%) in the T-DM1 arm,
and 7 (1.9%) in the T-DM1–plus-pertuzumab arm.

DISCUSSION

In this study, T-DM1 and T-DM1 plus pertuzumab demonstrated
noninferior PFS compared with trastuzumab plus taxane. Whereas
the median PFS observed with T-DM1 (14.1 months) was similar
to that observed in a previous phase II study,17 median PFS of
13.7 months in the trastuzumab plus taxane arm was somewhat
longer than expected on the basis of reports of this regimen that
were available at the time of study design (median PFS of ap-
proximately 9.5 months to 12.5 months).23-25 However, the me-
dian PFS of control arm is consistent with results frommore recent
studies.26-28 Addition of pertuzumab to T-DM1 did not improve
PFS. Although preclinical data showed synergistic activity for the
combination of T-DM1 and pertuzumab,18 such activity was not

Table 2. Time to Clinically Meaningful Decrease in Health-Related Quality
of Life

Time to Event*

Trastuzumab +
Taxane
(n = 327)

T-DM1
(n = 352)

T-DM1 +
Pertuzumab
(n = 338)

Median, months 3.6 7.7 9.0
Stratified hazard
ratio 95% CI
(vs. trastuzumab
plus taxane)

— 0.70 (0.57 to 0.86) 0.68 (0.55 to 0.84)

NOTE. Health-Related Quality of Life was measured by the Trial Outcome
Index-Physical/Functional/Breast (TOI-PFB) of the Functional Assessment of
Cancer Therapy-Breast (FACT-B) questionnaire.21 The analysis included all fe-
male patients from the intention-to-treat population who completed the baseline
and at least one postbaseline FACT-B assessment.
Abbreviation: T-DM1, trastuzumab emtansine.
*An event was defined as a clinically meaningful decrease in health-related
quality of life, which is a $ 5-point decrease from baseline in FACT-B TOI-PFB
score.22
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substantiated in this trial. Thus, further study that includes on-
going biomarker research may help to better explain this un-
expected result.

Whereas T-DM1–containing treatments did not show a sta-
tistically significant improvement overall in PFS, data presented
here suggest that some patients may derive more relative benefit
from T-DM1 than do others. Subgroup analyses showed a nu-
merical trend for an increased relative treatment effect with T-DM1
in patients who had received HER2-directed therapy or taxanes in
the early breast cancer setting. This finding is consistent with prior
trials in which T-DM1 improved clinical outcomes in patients who
previously received treatment with trastuzumab and taxane.13,14

Moreover, in patients who achieved response, duration of response
was numerically longer in T-DM12treated patients compared with
trastuzumab plus taxane2treated patients. Further investigation is

necessary to determine whether specific characteristics can define
a subgroup of patients with a greater response to T-DM1 in this
treatment setting.

Safety profiles of T-DM1 and pertuzumab in this study were
consistent with previous reports.29-31 Treatment with T-DM1
seemed to be more tolerable than that of the control regimen, as
there were numerically fewer grade $ 3 AEs and fewer treatment
discontinuations as a result of AEs observed with T-DM1 versus
trastuzumab plus taxane. Of note, incidence of grade $ 3 AEs in
the control arm (54.1%) was lower than that observed in other
trials that used trastuzumab plus docetaxel in the first-line setting
(63% to 91%).17,26 This may be explained, at least in part, by the
observation that 27% of patients received paclitaxel instead of
docetaxel in the control arm of this study. Nevertheless, T-DM1
also seemd to be more tolerable on the basis of a numerically lower
incidence of certain clinically important AEs (febrile neutropenia,
neuropathy, diarrhea, and alopecia) versus trastuzumab plus taxane.
The most commonly reported high-grade AEs with T-DM1 were
laboratory abnormalities, such as transaminase elevation and
thrombocytopenia, as previously observed in other T-DM1 stud-
ies.29 T-DM12treated patients also had a longer time to a clinically
meaningful decrease according to the FACT-B TOI-PFB scale, which
indicated that they maintained baseline HRQOL longer than did
trastuzumab plus taxane2treated patients.

In conclusion, T-DM12containing regimens demonstrated
noninferior—but not superior—PFS compared with treatment
with trastuzumab plus taxane. On the basis of the improved
tolerability and noninferior PFS observed with T-DM1, it may
provide an alternate treatment option to trastuzumab plus taxane
in patients HER2-positive MBC. Indeed, the National Compre-
hensive Cancer Network has included T-DM1 in its breast can-
cer guidelines as a first-line treatment option for patients with
HER2-positive MBC who are considered not suitable for treat-
ment with the preferred regimen, pertuzumab, trastuzumab, and
a taxane.8,32
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Table 3. Adverse Events in the Safety Population

Adverse Event

Trastuzumab +
Taxane
(n = 353)

T-DM1
(n = 361)

T-DM1 +
Pertuzumab
(n = 366)

Grade $ 3 adverse events 191 (54.1) 164 (45.4) 169 (46.2)
Grade $ 3 adverse events

reported in $ 3% of
patients in any treatment
arm

Neutropenia 70 (19.8) 16 (4.4) 10 (2.7)
Febrile neutropenia 23 (6.5) 0 (0) 0 (0)
Diarrhea 15 (4.2) 1 (0.3) 9 (2.5)
Hypertension 11 (3.1) 16 (4.4) 18 (4.9)
Anemia 10 (2.8) 17 (4.7) 22 (6.0)
ALT increased 3 (0.8) 16 (4.4) 19 (5.2)
AST increased 1 (0.3) 24 (6.6) 11 (3.0)
Thrombocytopenia 0 (0) 23 (6.4) 29 (7.9)

Any adverse event 348 (98.6) 357 (98.9) 361 (98.6)
All-grade adverse events in

. 20% of patients in any
treatment arm with a
. 5-percentage-point
difference between
trastuzumab + taxane
and T-DM1 arms

Alopecia 211 (59.8) 24 (6.6) 33 (9.0)
Diarrhea 172 (48.7) 91 (25.2) 176 (48.1)
Nausea 131 (37.1) 170 (47.1) 191 (52.2)
Peripheral neuropathy 99 (28.0) 48 (13.3) 65 (17.8)
Peripheral edema 98 (27.8) 34 (9.4) 31 (8.5)
Arthralgia 87 (24.6) 80 (22.2) 69 (18.9)
Rash 86 (24.4) 63 (17.5) 86 (23.5)
Myalgia 82 (23.2) 64 (17.7) 62 (16.9)
Neutropenia 80 (22.7) 41 (11.4) 32 (8.7)
Headache 78 (22.1) 116 (32.1) 118 (32.2)
Peripheral sensory
neuropathy

71 (20.1) 47 (13.0) 44 (12.0)

Vomiting 67 (19.0) 78 (21.6) 110 (30.1)
Pyrexia 58 (16.4) 100 (27.7) 118 (32.2)
Epistaxis 52 (14.7) 112 (31.0) 127 (34.7)
Chills 14 (4.0) 56 (15.5) 98 (26.8)

NOTE. Data are given as No. (%). Fifteen patients did not receive any study
treatment (10 in trastuzumab + taxane, two in T-DM1, and three in T-DM1 +
pertuzumab). Two patients who were randomly assigned to trastuzumab +
taxane received at least one cycle of T-DM1 andwere included in the T-DM1 arm
for safety analyses. Six patientswhowere randomly assigned to T-DM1 received
at least one cycle of pertuzumab and were included in the T-DM1 + pertuzumab
arm for safety analyses. The safety analysis population included all patients who
received at least one dose of study treatment; safety analyseswere based on the
treatment that patients actually received.
Abbreviation: T-DM1, trastuzumab emtansine.
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Sample Size Determination

The study will be powered for superiority, with a target hazard ratio (HR) of 0.75, as well as for noninferiority, with HR, 1.1765
or d = 0.1765 as the noninferiority margin for comparison between each of the T-DM1–containing treatment arms and the
trastuzumab-plus-taxane arm. This margin is equivalent to a 15% reduction in median progression-free survival (PFS). A meta-
analysis of trastuzumab trials gives d = 0.194, assuming a 60% retained effect on the log hazard scale. The chosen d is therefore
comparatively conservative. Comparison of single-agent T-DM1 versus the trastuzumab-plus-taxane control arm and of T-DM1
plus pertuzumab versus the control arm are handled separately. The overall a = 5% is split so that a = 2.5% (1.25% one-sided) is
spent for each group of comparisons. Depending on the superiority of the primary efficacy end point for the comparison of T-DM1
plus pertuzumab versus the control arm, a formal comparison of T-DM1 plus pertuzumab versus single-agent T-DM1 is planned.
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Sample Size Determination for PFS Noninferiority (control arm comparisons: T-DM1 with and without pertuzumab v the
control arm)

The following sample size and power considerations are made for an assumed noninferiority situation. Sample size calculations
were performed with East 5 software package (Cytel; http://www.cytel.com/) comparing two groups. Assumed study duration
timelines are under the alternative hypothesis, that is, treatment effects as specified in each sample size determination section below.

• Assume a median PFS time of 11.0 months for the control arm and an HR of 0.88 or 13.64% improvement in median PFS
time to 12.5 months for each of the experimental arms.

• Assume a minimum median PFS as the noninferiority margin of 9.35 months (15% decrease or HR, 1.1765 or d = 0.1765).
• Assume a recruitment time of approximately 21 months (with ramp-up in the first 6 months) and a study duration time of
35.7 months to required number of events under the alternative hypothesis.

• Define 1.25% one-sided (2.5% two-sided) as the a level and require a power of 80%.
• Request 33 309 = 927 patients with 670 PFS events (232 events expected for the control arm and 219 events in each of the
experimental arms).

Sample Size Determination for PFS Superiority (control arm comparisons: T-DM1 with/without pertuzumab v the control
arm)

The following sample size and power considerations are made for an assumed superiority situation:

• Assume a median PFS time of 11.0 months for the control arm and an HR of 0.75 or 33.33% improvement in median PFS
time to 14.7 months for each of the experimental arms.

• Assume a recruitment time of approximately 21 months (with ramp-up in the first 6 months) and a study duration time of
33.5 months to the required number of events under the alternative hypothesis.

• Define 1.25% one-sided (2.5% two-sided) as the a level and require a power of 80%.
• Request 33 364 = 1092 patients with 678 PFS events (248 events expected for the control arm and 215 events in each of the
experimental arms).

The required total number of events is higher on the basis of the superiority considerations and drives the total enrollment for
the study. Actual occurrence of the total number events—from PFS events on the basis of independent review—will be monitored
to get a better estimate of the expected study duration.

Sample Size Determination for PFS Superiority (experimental arm comparisons: single agent T-DM1 v T-DM1 plus
pertuzumab)

The following sample size and power considerations are made for an assumed superiority situation. Sample size calculations
were performed with East 5 software package (Cytel) comparing two groups:

• Assume a median PFS time of 14.7 months for single-agent T-DM1 and an HR of 0.73 or 36.99% improvement in median
PFS time to 20.1 months for T-DM1 plus pertuzumab.

• Assume a recruitment time of approximately 21 months (with ramp-up in the first 6 months) and a study duration time of
33.5 months to the required number of events under the alternative hypothesis.

• Define 1.25% one-sided (2.5% two-sided) as the a level and require a power of 80%.
• Request 23 364 = 728 patients with 392 PFS events (215 events expected for single-agent T-DM1 and 177 events for T-DM1
plus pertuzuab).
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1. PFS noninferiority

2. PFS superiority

3. OS superiority

4. Other secondary endpoints

T-DM1 versus control

1. PFS noninferiority

2. PFS superiority

3. PFS superiority

4. OS superiority

5. Other secondary endpoints

T-DM1 + pertuzumab versus control

T-DM1 + pertuzumab versus T-DM1

Two-sided α = 2.5% Two-sided α = 2.5%

Fig A1. Hierarchical statistical testing sequence. Statistical analyses were conducted independently for trastuzumab emtansine (T-DM1) versus trastuzumab plus taxane
(control) and T-DM1 plus pertuzumab versus trastuzumab-plus-taxane (control). Hierarchical statistical testing was performed in a prespecified sequential order with 2.5%
a allocated to each sequence. OS, overall survival; PFS, progression-free survival.
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Table A1. Protocol-Specified Rules for Dose Delays, Dose Reductions, and Dose Discontinuations

Treatment Dosing

T-DM1
Starting dose 3.6 mg/kg IV every 3 weeks
Dose delays If significant related toxicities have not recovered to grade 1 or baseline status, dose could be delayed for up to 42 days after the

most recent dose; upon resolution of toxicities, dosing could be either resumed at the same dose level or decreased to one
dose level lower

First dose reduction 3.0 mg/kg IV every 3 weeks
Second dose reduction 2.4 mg/kg IV every 3 weeks
Discontinuation Delays beyond 42 days or toxicities at the 2.4-mg/kg dose level resulted in discontinuation of study treatment

Patients who discontinued T-DM1 for DM1-related toxicities were allowed to switch to trastuzumab
Pertuzumab
Starting dose 840 mg IV loading dose for the first 3-week cycle, then 420 mg IV every 3 weeks for subsequent cycles
Dose delays If significant related toxicities have not recovered to grade 1 or baseline status, dose could be delayed for up to 42 days after the

most recent dose
Pertuzumab dosing was held if the T-DM1 dose was delayed

Dose reduction No dose reductions were allowed
Discontinuation If toxicities as a result of pertuzumab required discontinuation, patients could continue with single-agent T-DM1

Pertuzumab was not administered as a single agent; if T-DM1 was discontinued, pertuzumab was also discontinued
Trastuzumab
Starting dose Administered with docetaxel: 8 mg/kg IV loading dose for the first 3-week cycle, followed by 6 mg/kg IV for subsequent cycles

Administered with paclitaxel: 4 mg/kg IV loading dose for the first week, followed by 2 mg/kg IV in subsequent weeks
Dose delays Dose delays for up to 42 days after the most recent dose were allowed with both the every 3-week or weekly schedules

Every 3-week schedule:
The maintenance dose of 6 mg/kg was to be administered as soon as possible if the dose delay was # 4 weeks from last dose
(dose delay of # 1 week), followed by maintenance dosing every 3 weeks;

Dosing after a delay. 4weeks from the last dose started with a loading dose of trastuzumab (8mg/kg), followed bymaintenance
dosing every 3 weeks

Weekly schedule:
Maintenance dose of 2 mg/kg was to be administered if the dose delay was , 3 weeks from the last administered dose;
Dosing after a delay$ 3 weeks from the last administered dose started with the loading dose of trastuzumab (4 mg/kg), followed
by weekly maintenance dosing

Dose reduction No dose reductions were allowed
Discontinuation Delays beyond 42 days resulted in discontinuation of study treatment

If trastuzumab dosing was discontinued as a result of toxicity, treatment could continue with the taxane
Docetaxel
Starting dose 75 mg/m2 or 100 mg/m2 IV every 3 weeks
Dose delays If significant (grade 3 to 4) related toxicity had not recovered to grade # 1 or baseline grade, dose could be held
First dose reduction If starting at 100 mg/m2, then reduce to 75 mg/m2

If starting at 75 mg/m2, then reduce to 55 mg/m2

Second dose reduction For patients who started at 100 mg/m2, a second dose reduction from 75 mg/m2 to 55 mg/m2 was permitted
Discontinuation Criteria for discontinuation were based on US or national prescribing guidelines

If docetaxel was discontinued as a result of toxicity, treatment could continue with trastuzumab
Paclitaxel
Starting dose 80 mg/m2 IV weekly
Dose delays If significant (grade 3 to 4) related toxicity had not recovered to grade # 1 or baseline grade, dose could be held; dosing could be

resumed at 65 mg/m2

Dose reduction 65 mg/m2 IV weekly
Discontinuation Delays beyond 21 days or toxicities at the 65 mg/m2 dose level resulted in discontinuation of study treatment

If paclitaxel was discontinued as a result of toxicity, treatment could continue with trastuzumab

Abbreviations: IV, intravenous; T-DM1, trastuzumab emtansine.
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Table A2. Schedule of Study Assessments

Assessment Timing of assessment

Tumor assessment Performed at baseline and every 9 weeks thereafter for the first 18 months
After 18 months, performed every 12 weeks until disease progression or death
An additional assessment was required 4 to 6 weeks after disease progression

Cardiac monitoring Echocardiogram (preferred method) or multigated acquisition scanning: performed at baseline, once on days 15 to 21 of cycle 1
cycle 3, and every third cycle thereafter

An additional assessment was performed at least 28 days after the last dose of study drug
Electrocardiogram was performed at baseline

Laboratory assessment For patients on an every 3-week regimen, local laboratory assessments were performed at baseline, on days 1, 8, and 15 of cycles 1
to 3, and on day 1 of all subsequent cycles

For patients on a weekly regimen, local laboratory assessments were performed at baseline and on days 1, 8, and 15 of all cycles
FACT-B questionnaire Before protocol amendment

Completed at baseline and every 9 weeks (every third cycle) for 81 weeks
After 81 weeks, the questionnaire was completed every 12 weeks (every fourth cycle) until disease progression or death
After protocol amendment (March 7, 2011)
Completed at baseline, day 1 of each cycle for the first 8 cycles, and then every other cycle until disease progression or death

Adverse event Monitored continuously and graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events,
version 4.0*

Abbreviation: FACT-B, Functional Assessment of Cancer Therapy-Breast.
*National Cancer Institute: Common Terminology Criteria for Adverse Events v4.0 (CTCAE). http://ctep.cancer.gov.

Table A3. Sensitivity Analysis of the Time to Clinically Meaningful Decrease in Health-Related Quality of Life

Time to Event*
Trastuzumab + Taxane

(n = 173)
T-DM1

(n = 171)
T-DM1 + Pertuzumab

(n = 154)

Median, months 3.4 8.0 11.8
Stratified hazard ratio 95% CI (v trastuzumab plus taxane) — 0.69 (0.51 to 0.94) 0.66 (0.48 to 0.92)

NOTE. Health-related quality of life was measured by the Trial Outcome Index-Physical/Functional/Breast (TOI-PFB) of the Functional Assessment of Cancer Therapy-
Breast (FACT-B) questionnaire.21 This sensitivity analysis is based on the subset of patients whowere randomly assigned after implementation of a protocol amendment
(March 7, 2011) that increased the assessment frequency (Appendix Table A2). Sensitivity analysis included all female patients from the intention-to-treat population who
were randomly assigned after the signature date for the protocol amendment (March 7, 2011) and who also completed the FACT-B at baseline and at least once
postbaseline.
Abbreviation: T-DM1, trastuzumab emtansine.
*An event was defined as a clinically meaningful decrease in health-related quality of life, which is a $ 5-point decrease from the baseline in FACT-B TOI-PFB score.22
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