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Summary

Despite the success of individualized targeted therapies
in women with breast cancer with current available com-
pounds, new drugs — especially with different mecha-
nisms of resistance — are under development. A range of
novel targeted agents for women with tumors that over-
express ErbB2 (HER2) and progress on trastuzumab and
lapatinib have entered clinical studies. Most of these
agents are monoclonal antibodies or multifunctional ty-
rosine kinase inhibitors. Recently published data even
showed encouraging synergistic effects of several new
substances, which in the future could pose as a chemo-
therapy-free treatment option in the metastatic setting.

Neratinib

Currently, the two most commonly employed strategies to
overcome resistance and to improve clinical outcome are in-
troducing covalent, and therefore permanent, irreversible
binding of the drug to the target as well as blocking multiple
signaling pathways within the cell avoiding the emergence of
resistant cell clones that bypass the inhibited receptor [1].
Neratinib (HKI-272) is an orally administered dual inhibitor
of the ErbB2 (HER2) and ErbB1 kinase, using both the strat-
egies of irreversible binding and multitargeting [2]. Neratinib
interacts directly with its target enzyme and forms a covalent
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Zusammenfassung

Trotz der Erfolge individualisierter, zielgerichteter Thera-
pien in der Behandlung von Patientinnen mit Mamma-
karzinom mit den derzeit verfligbaren Substanzen gilt es
nach wie vor, weitere Substanzen mit anderen Resistenz-
mechanismen zu entwickeln. Derzeit werden einige neue
zielgerichtete Substanzen fir Patientinnen mit ErbB2
(HER2)-positivem Mammakarzinom und Progression
unter Trastuzumab und Lapatinib in klinischen Studien
untersucht. Die meisten dieser Substanzen sind mono-
klonale Antikérper und so genannte Multi-Tyrosinkinase-
Inhibitoren. Den Daten aktuell publizierter Studien zu-
folge gibt es synergistische Effekte einiger neuer Sub-
stanzen, die zukilinftig eine chemotherapiefreie Be-
handlung in der metastasierten Situation ermdglichen
konnten.

complex as shown by the sustained inhibition of phosphory-
lation after withdrawal of the drug from the medium and con-
firmed by direct labeling of ErbB2 by [14C]HKI-272.

An open-label, 2-arm phase II trial conducted by Burstein
et al. [3] evaluated the safety and efficacy of a daily 240-mg
oral dose of neratinib in 136 women diagnosed with ErbB2-
positive locally advanced or metastatic breast cancer (stage
IIIB, IIIC, or IV). Women enrolled in arm A (n = 66) had
either previously received at least 6 weeks of standard trastu-
zumab treatment or had experienced disease progression dur-
ing or following trastuzumab-containing adjuvant therapy.
Women in arm B (n = 70) have had no prior treatment with
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any ErbB2-targeted therapy, including trastuzumab. The effi-
cacy analysis encompassed 127 evaluable patients, 61 in arm A
and 66 in arm B. In participants who were previously treated
with trastuzumab (arm A), the progression-free survival (PFS)
rate at 16 weeks was 60%, and the median PFS was 23 weeks,
as evaluated by independent assessment. The objective re-
sponse and the clinical benefit rates were 26 and 36%, respec-
tively. Adverse events of any grade occurring in more than
15% of study patients included diarrhea, nausea, vomiting, fa-
tigue, anorexia, abdominal pain, headache, and rash.
Neratinib is now being investigated in a randomized, dou-
ble-blind, placebo-controlled phase III trial (Evaluating the
Effects of Neratinib in Women with Early Stage Breast Can-
cer; ExteNET). Disease-free survival was defined as primary
outcome, estimated enrollment will encompass 3,850 women
with early-stage, ErbB2-positive breast cancer. The study
started in July 2009, and is currently recruiting participants.

Pertuzumab

Pertuzumab is a recombinant, humanized monoclonal anti-
body that binds to the extracellular domain II, sterically
blocking homo- and heterodimerization with other ErbB
receptors, thus preventing signal transduction. Pertuzumab
inhibits the formation of the ErbB2 heterodimer. Its activity is
thought to be independent of ErbB2 expression levels, and its
binding site does not overlap with the epitope on ErbB2 that
is recognized by trastuzumab. Given this activity, pertuzumab
represents an ErbB dimerization inhibitor [4, 5].

Based on the promising results of phase I studies, Gelmon
et al. [6] evaluated the efficacy and safety of pertuzumab and
trastuzumab in a phase II study in patients with ErbB2-posi-
tive metastatic breast cancer, who progressed during prior
trastuzumab therapy [5, 6]. Patients received trastuzumab at
either 4 mg/kg loading dose (LD) followed by 2 mg/kg once
weekly or 8 mg/kg LD, followed by 6 mg/kg every 3 weeks
(gq3w). Pertuzumab was given at a loading dose of 840 mg, fol-
lowed by 420 mg q3w; 21/66 women remained on therapy. Of
the 16/66 patients (24%) who responded to therapy, 5 had
complete (CR) and 11 partial responses (PR); another 17 pa-
tients had stable disease for 6 months, for a total of 33/66
(50%) receiving clinical benefit. Most frequent events in-
cluded diarrhea (64%), fatigue (33%), nausea (27%), and
rash (26%).

Suggesting potential antitumor activity of pertuzumab in
combination with trastuzumab in patients who are refractory
to trastuzumab prompted the initiation of the randomized,
double-blind, placebo-controlled, multicenter international
phase III CLEOPATRA (CLinical Evaluation Of Pertuzu-
mab And TRAstuzumab) study which is currently recruiting
participants (fig. 1). The primary objective of the study, which
will enroll 800 patients, is to compare PFS rates in patients
randomized in a one-to-one fashion to either trastuzumab
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Fig. 1. Design of the CLEOPATRA trial.

plus docetaxel and placebo or trastuzumab plus docetaxel and
pertuzumab. Women with ErbB2-positive metastatic breast
cancer, who have not received chemotherapy or biologic ther-
apy (including approved or investigational tyrosine kinase/
ErbB inhibitors or vaccines) for their metastatic disease, are
eligible for the study. The study began recruiting patients in
January 2008, and is projected to complete enrollment in
2010.

Trastuzumab DM-1

Direct covalent coupling of cytotoxic agents to monoclonal
antibodies is an alternative to naked antibody-targeted ther-
apy. To date, antitumor antibodies have been linked to cyto-
toxic agents, such as the calicheamicins, auristatins, maytansi-
noids, and derivatives of CC1065 [7]. Since ErbB2 is highly
differentially expressed on breast tumor cells compared with
normal epithelial cells, ErbB2 represents an ideal target for
antibody-drug conjugate (ADC) therapy.

Maytansinoids are derivatives of the antimitotic drug
maytansine, binding directly to microtubules in a manner sim-
ilar to the vinca alkaloids [8]. Numerous preclinical and clini-
cal studies indicate that trastuzumab combines well with mi-
crotubule-directed agents like maytansinoids [9]. Given the
mechanism of action and the potency of maytansine, it was
deemed to be a particularly attractive cytotoxic agent to con-
jugate to trastuzumab in order to circumvent the problem of
resistance. Trastuzumab is combined with DM1 (T-DM1), an
anti-microtubule agent derived from maytansine [9], and is an
ErbB2 ADC. In a first-in-human phase I study, Beeram et al.
[9] evaluated the safety and pharmacokinetics of T-DM1
given intravenously (IV) 3w in 24 patients with ErbB2-
positive metastatic breast cancer who have progressed on a
trastuzumab-containing regimen. Women received 156 doses
of T-DM1 at 6 different dose levels: 0.3 mg/kg, 0.6 mg/kg,
1.2 mg/kg, 2.4 mg/kg, 3.6 mg/kg, and 4.8 mg/kg administered
IV g3w. Six of 16 patients dosed at 2.4 mg/kg and 3.6 mg/kg
achieved a PR, and another 5 patients achieved stable disease
continuing after 130-260 days. Adverse events included
transaminase elevations, thrombocytopenia, fatigue, anemia,
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Fig. 2. Design of the EMILIA trial.
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and neuropathy. Cardiac toxicity was not observed. It was
concluded that the maximum tolerated dose and recom-
mended dose for phase II trials should be 3.6 mg/kg IV q3w as
it is a tolerable and manageable dosing schedule.

Vukelja et al. [10] presented the data of a multi-institu-
tional, open-label, single-arm phase II trial, assessing the
safety and clinical effectiveness of T-DMI in patients who
have progressed while receiving ErbB2-directed therapy and
chemotherapy for ErbB2-positive metastatic breast cancer. A
total of 112 women were enrolled and received T-DM1 at
3.6 mg/kg IV q3w. Out of the 86 patients with ErbB2 informa-
tion, 64 were confirmed to be ErbB2-positive (74.4%) either
by fluorescence in situ hybridization (FISH) and/or immu-
nohistochemistry (IHC) +3). The median follow-up was 4.4
months, and the median number of treatment cycles adminis-
tered was 5 (1-16+). The objective response rate (PR/CR)
was 50% (32 of the 64 patients), and the confirmed response
by the Independent Review Facility assessment accounted for
34.4% (22 of the 64 patients). Activity in lapatinib pretreated
patients was consistent with the entire study population with

References

> Sequist L: Second-generation epidermal growth

5 Baselga J, Imadalou K, Paton V, Gray D, Swain S:

an objective response rate of 38.3% and a confirmed overall
response rate of 21.7%. The most common severe (grade 3
or 4) adverse events were hypokalemia in 8% of patients and
thrombocytopenia in 7%. No severe (grade 3 or 4) cardiac-
specific toxicity was observed.

A global, randomized, multicenter, 2-arm, open-label
phase III study (EMILIA) was initiated in February 2009,
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