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Search Strategy

We searched Pubmed using the search terms
‘trastuzumab’ ‘metastatic breast cancer’ and ‘HER2’
to identify manuscripts relevant to this review. Further
references were obtained from citations therein. We
also searched the abstracts of recent meetings of the
American Society of Clinical Oncology with the
above strategies.

Background-HER2

|dentification

The ERBB family includes four transmembrane
tyrosine kinase receptors ERBB1—4 (also known
as HER1-4), and 13 extracellular ligands.! Binding
of ligand, or in some cases, overexpression of
receptor, results in formation of receptor homo and
heterodimers and activation of intracellular signalling
through the Ras-Raf-ERK and PI3K-AKT pathways.
These signals in general act to promote cell division,
cell growth and inhibit apoptosis, amongst other
effects. Given the key roles of the ERBB family and
their downstream mediators in development and
physiology it is unsurprising that these proteins are
normally subject to tight regulation.

HERZ2 and its overexpression

The ERBB2 or HER2 receptor was identified over two
decades ago as a cell surface receptor tyrosine kinase
(RTK) with similarity to both ERBB1 (EGFR) and
the avian erythroblastosis virus (AEV) transforming
gene, v-erbB.? Unlike the other ERBB receptors,
HER2existsinaprimed openconformationthatpermits
formation of homo and heterodimers with consequent
activation in the absence of ligand.** Amplification
of HER2 with consequent overexpression of the
receptor occurs in approximately 25% of human
breast cancers when quantified by fluorescence
in-situ hybridization (FISH) or immunohistochemical
staining (IHC).>®* HER2 overexpression can induce
formation of active HER2 homodimers’ and has
been validated as tumorigenic both in-vitro®!'° and in
animal models."

HER2 overexpression in breast carcinoma is
associated with poor prognosis>'>"® and predicts
decreased response to hormonal therapy'!” and
CMF chemotherapy'® although it is associated with
sensitivity to anthracycline-containing regimens.!'? %2

Trastuzumab-Preclinical Development
The overexpression of HER2 in breast carcinoma
relative to normal tissue made HER2 an attractive
target and a number of monoclonal antibodies against
the receptor were developed in the 1980s and 1990s.
These were demonstrated to inhibit tumour growth of
murine xenografts both alone*?* and in combination
with doxorubicin, cisplatin,>? paclitaxel*’ and
other agents.?® In order to circumvent the problem of
formation of human anti-mouse antibodies (a limiting
factorintheuse ofmonoclonal antibodies) ahumanised
version of the most promising of these agents?>° was
made by fusing its antigen-binding loops to human
variable framework and IgG constant domain.*! This
modification was demonstrated to enhance the ability
of this antibody, known initially as humAb4D5-8,
later trastuzumab, to promote antibody-dependent
cell-mediated cytotoxicity (ADCC).*!

Trastuzumab-Mechanism of Action

The exact mechanism of action of trastuzumab remains
unclear. However evidence exists to support a role for
a number of non-mutually exclusive mechanisms.

Inhibition of HER2 dimerization

Structural investigations have demonstrated that
trastuzumab binds HER2 at the juxtamembrane
region, an interaction that may result in a steric barrier
to receptor dimerization and thus, activation.?

Antibody dependent cell-mediated
cytotoxicity (ADCC)

The basic principle of ADCC involves recruitment
of immune cells (especially natural killer (NK) cells)
through Fc gamma receptors to an antibody bound
to a cellular antigen. Following this, cytoplasmic
granules are released, resulting in lysis of the target
cell. Initial in-vitro evidence suggested that ADCC
was induced by trastuzumab,’!*? and strong in-vivo
evidence in support of this as a mechanism of drug
effect was provided by the fact that mice deficient
in cell-activating Fc gamma receptors on effector
cells do not have a tumor response to trastuzumab.*
Human studies have demonstrated the presence of
a tumor lymphoid infiltrate following trastuzumab
administration (Gennari, Menard et al 2004; Arnould,
Gelly et al 2006) the extent of which correlated with
response.**
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Downregulation of HER2

Some in-vitro studies have indicated that trastuzumab
induces a downregulation of HER2 with a consequent
decreased in PI3K-AKT signalling,*** although it is
unclear whether this happens in-vivo.**

Inhibition of HER2 shedding

When overexpressed, HER2 undergoes proteolytic
cleavage resulting in the release of the extracellular
domain leaving a truncated membrane-bound 95
kDa fragment®® capable of signalling. Inhibition of
HER2 ectodomain cleavage by trastuzumab may
prevent this.*’

Membrane recruitment of PTEN

PTEN is a key negative regulator of the PI3K-AKT
pathway, and mediates its action by dephosphorylation
of phosphoinositides at the plasma membrane. PTEN
is itself regulated by phosphorylation and HER2
signalling via Src was shown to result in a decrease of
PTEN activity secondary to tyrosine phosphorylation.
Trastuzumab has been demonstrated to prevent
this inactivation and the resultant decrease in AKT
activity would be predicted to limit its pro-growth
and survival effects.*

Inhibition of angiogenesis

Trastuzumab has been shown to reduce levels the key
pro-angiogenic growth factor vascular endothelial
growth factor (VEGF)* and its administration results
in the normalization and regression of vasculature
in HER2 overexpressing xenografts in mice through
multiple mechanisms.*°

Inhibition of DNA repair

Given the efficacy of trastuzumab in combination
with platinum salts as described below, it is interesting
to note that it has been shown to block DNA repair
induced by cisplatin.*!

Trastuzumab-Pharmacokinetics

and Dose

Preclinical

Initial dose definition using the murine monoclonal
mumAb4DS5 demonstrated maximal tumor inhibition
at concentrations of 1-23 pg/ml, and subsequent work
defined a trough dose of 20 png/ml as efficacious. As

comparable results were anticipated for the humanized
variant, trastuzumab, a serum trough concentration of
10-20 pug/ml was targeted in initial clinical studies.

Clinical-monotherapy

The initial phase II study of trastuzumab monotherapy
treated 46 patients with metastatic breast cancer
(MBC) overexpressing HER2. Trastuzumab was
given by a weekly schedule, with a 250 mg loading
dose followed by 100 mg each week, with aim of
obtaining a trough dose of 10 pwg/ml. Based on an
assumption that trastuzumab had dose-related non-
linear pharmacokinetics, the mean serum half-life was
calculated as 8.3 days. Adequate pharmacokinetics
were obtained in 90% of patients.** A second phase 11
monotherapy study used a loading dose of 4 mg/kg
with subsequent weekly dose of 2 mg/kg. The mean
steady state concentration of trastuzumab was shown
to be 59.7 ug/ml, with mean peak 100.3 pg/ml, and
trough 25 pg/ml. Half-life was estimated at 6.2 days.*
A third study investigated the effect of doubling of the
dose to 8 mg/kg loading followed by 4 mg/kg weekly
but found no difference in response rate.* Subsequent
data have demonstrated that the half-life values
calculated in these initial studies were a significant
underestimation as they used a one compartment
model and did not take into account the accumulation
of trastuzumab that occurs with multiple doses. The
revised half life using a two compartment model on
data collected from 476 patients was 28.5 days, raising
the possibility that a less frequent schedule than
weekly would not result in detrimental outcome.®
This was confirmed in a multinational phase II study
which used a loading dose of 8 mg/kg followed by
6 mg/kg every 3 weeks for previously untreated MBC.
Average drug exposure was equivalent to that seen in
the pivotal weekly schedule and a similar response
rate was observed (discussed further below).* In
the absence of randomized evidence to indicate
superiority of one over the other, both the weekly and
3 weekly schedules have been used in trials and in the
clinic off-study.

Clinical-combination therapy

The non-overlapping toxicity profile of trastuzumab
with most cytotoxic chemotherapy agents means that
studies have employed it at the weekly or 3-weekly
doses described above when used in combination.

Clinical Medicine: Therapeutics 2009:1

559


http://www.la-press.com

Church and Price

2

Trastuzumab pharmacokinetics do not appear to
be affected by the concurrent administration of
anthracyclines, cyclophosphamide or paclitaxel.*

Trastuzumab for MBC-Clinical

Experience

Monotherapy

The initial phase II studies of trastuzumab as
monotherapy in MBC have been outlined above with
regards to pharmacokinetics, and are detailed further
in Table 1. All studies recruited women with MBC
classified as HER2 positive 2+ or 3+ on IHC.

These studies comprised patients that had
been largely previously treated with cytotoxic
chemotherapy, in some cases extensively so including
high-dose chemotherapy. As such the response rates
demonstrated were encouraging, and provided clear
evidence for the incorporation of trastuzumab into
combination regimens for MBC. It is noteworthy that
these trials included a significant number of patients
with only HER2 2+ disease, a group subsequently
shown to derive limited benefit from trastuzumab in
the absence of gene amplification as discussed below.

In combination with chemotherapy
Chemotherapy with trastuzumab

vs. chemotherapy alone- randomised evidence
The two randomised studies comparing chemotherapy
plus trastuzumab with chemotherapy alone for HER2
overexpressing MBC are shown in Table 2. The pivotal
phase III trial that led to FDA approval was conducted
by Slamon and co-workers and published in 2001. In
it 469 women with previously untreated MBC with
HER2 overexpression scored as 2+ or 3+ by IHC
were randomised to chemotherapy with or without
the addition of trastuzumab. The chemotherapeutic
regimen used depended on prior treatment; patients

Table 1. Studies of trastuzumab as monotherapy for MBC.

who had not previously received an anthracycline were
treated with AC (doxorubicin 60 mg/m? or epirubicin
75 mg/m?* plus cyclophosphamide 600 mg/m?, every
3 weeks) with or without trastuzumab (4 mg/kg
loading dose, then 2 mg/kg weekly thereafter) while
anthracycline pre-treated patients received paclitaxel
(175 mg/m?every 3 weeks) as single agent or combined
with trastuzumab. Analysis confirmed the superiority
of trastuzumab containing arms, with longer time to
progression (7.4 vs 4.6 months, p < 0.001), higher
response rate (50 vs 32%, p < 0.001), lower rate of
death at 1 year (22 vs 33%, p = 0.008) and longer
median survival (25.1 vs 20.3 months, p = 0.046).*" In
light of the fact that patients in the non-trastuzumab
arms were allowed to crossover to trastuzumab at
disease progression these survival data provide strong
rationale for the incorporation of trastuzumab into
front line therapy for HER2 overexpressing MBC.
The second, a randomized phase II, compared
treatment with docetaxel (100 mg/m? every 3 weeks)
alone with the same regimen with addition of
trastuzumab (4 mg/kg loading dose, then 2 mg/kg
weekly). The study comprised 186 women with
previously untreated MBC with overexpression
of HER2 (initially defined as 2+ and 3+ on IHC,
though this was subsequently restricted to 3+ only
after initial data defined responders; 94% of the
final study population had disease 3+ on IHC or
FISH positive). Again, combination therapy was
superior in terms of response rate (61% vs 34%,
p = 0.002), time to treatment failure (median,
9.8 vs 5.3 months; p = 0.0001) and median overall
survival (31.2 vs 22.7 months, p=0.0325).* As in the
Slamon trial patients in the control arm were permitted
to crossover to trastuzumab at progression; in the 57%
who did median survival was 30.3 months compared
to 16.6 months in those who did not*—though these

No. pts Previous lines of chemo Trastuzumab dose Response rate Reference
46 Any 97% MBC any 82.6% >2 250 mg loading, 100 mg weekly 11.6% 42
regimens 43.5%
222 MBC any 100% 2 regimens 68% 4 mg/kg loading, 2 mg/kg weekly 15% 43
114 Adjuvant 67% MBC nil 4 mg/kg loading, 2 mg/kg weekly 28% (high dose) 44
or double dose 24% (low dose)
105 Adjuvant 72% MBC nil 8 mg/kg loading, 6 mg/kg every 3 w 19% 46
560 Clinical Medicine: Therapeutics 2009:1
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results should be treated with caution given the obvious
potential confounders. Combination therapy resulted in
higher incidence rates of G3/4 neutropenia (32 vs 22%)
and febrile neutropenia (23 vs 17%). 11% of patients
in the combination arm developed a decrease in left
ventricular ejection fraction (LVEF) >15% vs 6% in
the docetaxel alone arm.

Optimal chemotherapy in combination

with trastuzumab- randomized evidence

The addition of carboplatin to paclitaxel/ trastuzumab
was investigated in a phase III trial comprising
196 patients with MBC who had not received
chemotherapy for metastatic disease (roughly
half in each group had been treated with adjuvant
chemotherapy). The experimental group were treated
with TCH (paclitaxel 175 mg/m?, carboplatin AUC6
every 3 weeks, trastuzumab 4 mg/k loading followed
by 2 mg/kg weekly) and the control group received
the same with omission of paclitaxel. There was an
advantage for the experimental arm for response rate
(52% vs 36%, p = 0.04), progression-free survival
(13.8 vs 7.6 months, p = 0.03), with a trend towards
improved overall survival at 4 years (38% vs 31%,
p =NS). Grade 3/4 neutropenia was worse in the three
drug arm (36 vs 12%, p=0.0001) and the rate of febrile
neutropenia was also increased (3% vs 1%). Thus,
the authors reasonably concluded that TCH represents
a useful treatment option in HER2 overexpressing
MBC.* Interestingly however, a second randomised
phase III study that substituted docetaxel for paclitaxel;
(docetaxel 75 mg/m?, carboplatin AUC6, trastuzumab

8 mg/kg loading then 6 mg/kg every 3 weeks vs
docetaxel 100 mg/m? every 3 weeks, identical
trastuzumab dose/schedule) failed to show a difference
in response rate (72.5% both groups), duration of
response (9.4 vs 10.7 months) and time to progression
(10.4 vs 11.1 months, p = 0.57).° The reasons for this
are not clear but may relate to the lower taxane dose in
the 3 drug arm.

A randomized comparison between taxane
(docetaxel or paclitaxel at investigator’s choice) and
vinorelbine in combination with trastuzumab for
untreated MBC was attempted, unfortunately the
study recruited poorly, and was closed early with no
significant differences seen between arms.”!

Chemotherapy plus trastuzumab-
non-randomized evidence

A large number of non-randomized phase II studies
of trastuzumab in combination with single agent
cytotoxic chemotherapy have been published and
presented in abstract form. Response rates vary
between studies according to levels of HER2
expression in tumors, patient characteristics and pre-
treatment but for commonly used chemotherapeutic
agents combined with trastuzumab are as follows;
paclitaxel 56%—62%,° docetaxel 50%—70%,%"%°
vinorelbine43%—78%,°'-% gemcitabine 19%—38%,%¢
liposomal anthracyclines 46%—68%, 7! capecitabine
45%-50%,7>7 and cisplatin 24.3%.7* Toxicities are
generally as expected for each drug, with the addition
of trastuzumab-related cardiotoxicity (discussed
below). Inthe absence of clear evidence for superiority

Table 2. Randomised studies of trastuzumab plus chemotherapy with chemotherapy alone for first-line therapy of MBC.

No. patients Chemotherapy Trastuzumab Outcome Reference
dose/schedule dose/schedule
469 AC or EC* Pac** 4 mg/kg loading TTP 7.4 vs 4.6 months, p < 0.001 47
then 2 mg/kg RR 50 vs 32%, p < 0.001
OS median 25.1 vs 20.3 months,
p =0.046
186 Doc 4 mg/kg loading TTF median, 9.8 vs 5.3 months; 48
then 2 mg/kg p = 0.0001

RR 61% vs 34%, p = 0.002
OS median 31.2 vs 22.7 months,
p =0.0325

*Given to anthracycline-naive patients.
**Given to anthracycline pretreated patients.

AC = Doxorubicin 60 mg/m? (or Epirubicin 75 mg/m?) plus cyclophosphamide 600 mg/m? every 3 weeks*; Pac = Paclitaxel 175 mg/m? every 3 weeks**;

Doc = Docetaxel 100 mg/m? every 3 weeks.
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Table 3. Representative non-randomized studies of single agent chemotherapy in combination with trastuzumab for MBC.

Drug/No. of Previous chemo Chemotherapy dose Outcome Reference

patients

Paclitaxel

32 Any 78% MBC 42% 175 mg/m? q3w ORR 59% 52
response duration 10.5
TP 12.2 mo

88 Adj 77% MBC 30% 90 mg/m? weekly RR 61.4% 53

25 All anthracycline and 60-90 mg/m? weekly RR 56% 54

taxane pretreated response duration 10.4 mo

TTP 8.6 mo

34 Adj 74% MBC nil 90 mg/m? weekly 62% RR 55
median duration 11.6 mo

41 Adj 98% MBC 28% 80 mg/m? 2 of 3 weeks ORR 56.1% 56
TTP 12.3 mo

Docetaxel

25 Any 92% MBC 20% 75 mg/m? q3w RR 70% 57

40 Any 83% 70 mg/m? q3w ORR 65% 58
median TTP 6.8 mo

30 Any 84% MBC 19% 35 mg/m? weekly ORR 63% 59
TTP 9/12

26 Any 54% 35 mg/m? weekly RR 50% 60
TTP 12.4
median survival 22.1 mo

Vinorelbine

40 Adj 82% MBC 53% 25 mg/m? weekly RR 75% 83

69 Any 65% MBC nil 30 mg/m? weekly ORR 62.9% 84
Response duration 17.5 mo
median OS 23.7 mo

54 Adj 63% MBC nil 25 mg/m? weekly RR 68% 85
TTF 5.6 mo

Gemcitabine

64 median 3 lines 1200 mg/m? d1 ORR 38% 66

and d8 q3w median response duration

5.8 mo. TTP 5.8 mo

29 Any 100% Maijority 1250/m2 d1 PR 19% TTP 3/12 OS 17/12 67

4 lines and d8 q3w

Liposomal

anthracyclines

30 Adj 63% MBC nil 50 mg/m? g4w OR 52% PFS 12mo 70

Capecitabine

59 Any 86% 1657 mg/m? ORR 50% 73

3 of 4 weeks TTP 1st line 280, 2nd 130
Cisplatin
37 Any 100% 75 mg/m? q3w RR 24.3% 74

Abbreviation: Adj, adjuvant therapy.
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of one agent over another, it would seem reasonable
to base treatment decisions upon which agents a
patient has already received, and the likely side
effects of the intended drug. A number of combination
chemotherapy regimens with trastuzumab have also
been studied, a selection of which are summarised in
Table 4. Response rates are as follows; paclitaxel and
carboplatin: 65%—81%," paclitaxel and gemcitabine:
53%—67%,’%"" paclitaxel and doxorubicin: 88%,
docetaxel and carboplatin: 58%,” docetaxel and
cisplatin: 79%,” gemcitabine and cisplatin: 40%,%
gemcitabine and carboplatin: 64%.,*' gemcitabine and
vinorelbine: 50%.% The gain in response rate offered
by combination therapy is at cost of greater toxicity;
whether to elect for combination therapy vs single
agent again depends on patient factors and must be
made on an individual basis.

Trastuzumab in combination

with other biologic therapies

Lapatinib is a small molecule dual inhibitor of
the EGFR and HER2 receptors tyrosine kinase
activity®® that demonstrated preclinical synergy with
trastuzumab.?”® The combination was tested in a
phase I study of 53 patients with heavily pretreated
advanced or MBC (median no. of prior chemotherapy
regimens 4, 92% previously treated with trastuzumab).
Lapatinib was given at dose of 750-1500 mg/day,
trastuzumab according to the standard weekly
schedule. The response rate was an encouraging
22%, indicating that this regimen merits further
investigation.*” Another molecule with preclinical
evidence of synergy with trastuzumab is pertuzumab;
a antibody against a different region of HER2 and
able to prevent dimerisation with HER3.%” The two
were combined in a phase I study and demonstrated
a response rate of 18%, however cardiotoxicity was
significant, and this requires further investigation
before an informed decision about the risks and
benefits of treatment can be reached.”’ The need for
caution when extrapolating from preclinical evidence
is exemplified by gefitinib however, a small molecule
inhibitor of EGFR that demonstrated promising
synergy with trastuzumab in xenograft assays.’>*> On
this basis a phase I/II study was undertaken, however
this closed at the first interim analysis due to low
activity of the combination (RR 9%).** Other novel
agents that have been combined with trastuzumab

in early phase trials include celecoxib (no responses
seen in a phase II study)® and the heat shock protein
HSP90 inhibitor tansepimycin.”

Monitoring Response

to Trastuzumab-Serum Shed HER2
Cleavage of the HER2 receptor results in shedding of
the extracellular domain (ECD) into the circulation,
elevated levels of which predictresistance to hormonal
and some chemotherapies.’” Decline in the levels of
circulating HER2 ECD with trastuzumab treatment
has been shown to predict response®”® and longer
time to disease progression.”

Continuation of Trastuzumab Beyond
Progression
Non-CNS disease

The favourable toxicity profile of trastuzumab
when given as extended therapy'® together with the
evidence for its synergy with cytotoxic chemotherapy
has led many oncologists to continue the drug beyond
progression with addition of other agents.'’! A number
of retrospective studies have shown that patients
who continue trastuzumab may have responses
to additional therapies'® ' and some have also
suggested improved survival in such patients!%197—
a finding also demonstrated in a prospective cohort
study.'® However these results are not universal'”
and the lack of a control group together with potential
for selection bias in these studies makes means that it
is not possible to reach firm conclusions regarding the
efficacy of this approach. More conclusive evidence
in favour of continuation of trastuzumab was recently
provided by a German study that randomised
156 patients with MBC and disease progression on
trastuzumab to either capecitabine alone (2500 mg/m?
d1-d14 every 3 weeks) or combined with trastuzumab
(standard 3 weekly schedule). Continued trastuzumab
was associated with significantly improved response
rate (48 vs 27%, p = 0.01), time to progression
(8.2 vs 5.6 mo, p = 0.03) and a non-significant
extension of survival (25.5 vs 20.4 p = NS). It is
unfortunate that these data will not be added to by a
randomized trial of vinorelbine alone or vinorelbine
with continued trastuzumab after progression on
taxane/trastuzumab combination, as this trial was
discontinued due to poor recruitment.'!%!!
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Table 4. Non-randomized studies of combination agent chemotherapy in combination with trastuzumab for MBC.

Drug/No. of Previous chemo Chemotherapy dose Outcome Reference

patients

Paclitaxel and

Carboplatin

43 NS Pac 200 mg/m? RR 81% 75
Carbo AUC6 q3w PFS 14.7 mo

48 NS Pac 80 mg/m? RR 65% 75
Carbo AUC2 weekly PFS 9.9 mo

Paclitaxel and

gemcitabine

42 MBC nil Gem 1200 mg/m? d1, d8 RR 67% 76
Pac 175 mg/m? d1 q3w TTF >9 mo

Docetaxel and

carboplatin

62 Any 56% Doc 75 mg/m? RR 58% 79

MBC 5% Carbo AUC6 q3w TTP 12.7 mo

Docetaxel and

cisplatin

62 Any 58% Doc 75 mg/m? RR 79% 79
Cis 75 mg/m? q3w TTP 9.9 mo

Gemcitabine and

cisplatin

20 Any 100% Gem 750 mg/m? RR 40% 80
Cis 30 mg/m? d1, d8 q3w TTP 10.2 mo

Gemcitabine and

carboplatin

50 NK Gem 1500 mg/m? RR 64% 81
Carbo AUC 2.5 d1 g2w TTP 7.2 mo

Patients with disease progressing on trastuzumab
have been shown to benefit from inclusion of
Lapatinib in combination with further lines of
systemic chemotherapy.''? This approach has not
been compared to continuation of trastuzumab in
combination with the same chemotherapy and so
the optimal management of HER2 positive disease
beyond first progression is not yet defined.

Clearly, the decision to continue trastuzumab after
disease progression must be taken on an individual
basis, and should take into account patient, treatment,
and ultimately economic factors.

CNS disease

A notable finding reported by a number of retrospective
studies is the high incidence of brain metastases in
patients treated with trastuzumab for MBC; 25 to
48.1% of patients'*"'?° compared with around 5% in
historical series.!?!'?> The possible explanations for this

include the extension of disease course trastuzumab
provides, the inability of trastuzumab to cross the
intact blood-brain barrier (BBB) and an a predilection
of HER2 overexpressing breast cancer to spread to the
CNS.!113-11519Tt should be noted, however, that there there
is some disagreement in the literature on this subject''®
(see Melisko for a recent review).'? Irrespective of this,
a common situation encountered is the development of
CNS metastases while extracranial disease is responding
or stable.!*!51% An increasing body of evidence
exists to suggest that continuation of trastuzumab after
development of brain metastases in such patients is
associated with favourable prognosis. '+ 116118124127
Whether this is due to control of non-CNS disease or
penetration of trastuzumab into the CNS via aberrant
tumour vasculature is unclear, however it is reasonable
to conclude that in patients with responding disease, the
diagnosis of CNS metastases should not automatically
result in cessation of trastuzumab therapy.

564

Clinical Medicine: Therapeutics 2009:1


http://www.la-press.com

¢

A review of trastuzumab-based therapy in patients

Trastuzumab-Toxicities
The principal toxicities of trastuzumab are acute
infusion-related and cardiac. Early studies of
monotherapy defined infusion-related chills (40% with
initial dose, <3% recurrent), asthenia (23%), rash
(20%), nausea (25%) and diarrhea (36%) as the most
frequent side-effects;** however cardiotoxicity was
not clearly apparent until the phase III trial conducted
by Slamon. In this cardiotoxic effects occurred in
27% of patients treated with concurrent trastuzumab
and anthracyclines, 13% with trastuzumab and
paclitaxel, and 5% of those with monotherapy.*’ This
is manifest as a symptomatic, or asymptomatic decline
in left ventricular ejection fraction at frequency of
0%—-3% and 0%-20% respectively, depending on
drug 849335985128 Rigk factors for its cardiotoxicity
include current or previous anthracycline, advanced
age'” and low baseline LVEF.!*
Trastuzumab-induced decline in LVEF appears
more reversible than that caused by anthracyclines,
and generally improves with medical management,'?!
indeed, in one study 88% of patients rechallenged
with trastuzumab did not demonstrate recurrent
cardiotoxicity.”*> Guidelines to minimise risk vary,
but one published set (though designed for adjuvant
therapy) advises avoidance of trastuzumab if baseline
LVEF is =55% and 3 monthly echocardiography in
patients on treatment, with consideration given to
cessation if LVEF drops by >10% or to <50%.'33 The
decision on continuation of trastuzumab in patients
with decline in LVEF and responding metastatic
disease is a difficult one, and requires careful thought
and discussion with the patient.

When to Initiate Trastuzumab

The decision of when to initiate trastuzumab treatment
in patients with MBC is an individual one. Early use of
chemotherapy with trastuzumab should be considered
for patients with by estrogen receptor (ER) negative
disease, visceral metastases, and a disease free interval
of less than 2 years. As discussed above, upfront use
of trastuzumab in the pivotal trial was associated with
a five month improvement in median survival despite
the subsequent crossover of patients in the control
arm.?’ Patients with less aggressive disease keen to
avoid the toxicities of chemotherapy are candidates
for trastuzumab monotherapy, although this approach
may be inferior to upfront combination treatment.!3*

HER2 Testing

Benefit from trastuzumab is confined to patients
with HER2 overexpression,'* and analysis of early
trials suggested that the drug is most active in pts
with staining classified as 3+ on IHC or with gene
copy no >2.0 on FISH.** Although there is good
correlation between the two,'*® a common approach
is to test with IHC and perform FISH on tumors that
are 2+."%7

Resistance

The study of mechanisms of trastuzumab resistance
and strategies to overcome this has been the subject of
much research. Unlike other monoclonal antibodies,
anti-trastuzumab antibodies do not occur with any
significant frequency (0%-0.5%).%* One factor
that has been associated with resistance is loss of the
PTEN tumor suppressor. As stated above, this is a
key negative regulator of the PI3K pathway through
which HER2 signals. Trastuzumab-resistant cells
often have low PTEN levels,"*® and in an elegant
siRNA screen it was demonstrated that PTEN
knockdown induced trastuzumab resistance in cells
in-vitro. The same study showed that patients treated
with trastuzumab who had activation of the PI3K
pathway either through PTEN loss or through gain of
function mutations in PIK3CA (the gene encoding the
catalytic subunit of PI3K) had reduced progression-
free survival.’** Other work has shown that the
response rate to taxane/trastuzumab combination
therapy in patients with tumors lacking PTEN is
significantly lower than in patients with normal
levels of protein 11.1% vs 66.7%, a difference that
was not seen in patients treated with taxane alone.!'*
However, prospective studies are required to confirm
these results before they can be used for clinical
decision making.

A second mediator of resistance may be the
type I insulin-like growth factor receptor (IGF-IR).
IGF-IR expression in breast cancer cells in vitro
causes trastuzumab resistance,'"! possibly through
formation of IGF-IR/HER2 heterodimers,'*? and
use of combination anti-IGF-IR therapy with
trastuzumab had synergistic effects in breast cancer
lines expressing IGFIR in vitro.'* In one study of
neoadjuvant trastuzumab with vinorelbine increased
IGF-IR expression was associated with decreased
response rate,'* however another study found no link
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between expression and response rate to trastuzumab
therapy in MBC.'#

Other factors implicated in trastuzumab resistance
include decreased expression of the cell cycle
regulator p27,'* increased levels of the hepatocyte
growth factor (HGF) receptor Met,'**!'*" increased
phosphorylated EGFR'*® and elevated levels of the
growth factors IGF-I, HGF and pleotrophin.'*

Conclusions and Future Directions
The development of trastuzumab is undoubtedly one
of the major advances in medical oncology in the last
20 years. In addition, its use in HER2 overexpressing
MBC provides proof of principle of an important
advance in therapy; the targeting of novel agents
to subgroups of patients with genetically defined
tumor characteristics. Ongoing work will clarify
the use of trastuzumab for MBC in the increasing
number of patients who have already received the
drug as adjuvant therapy, together with its use in
combination with the many new agents entering
the clinic.

Conflict of Interests

DNC and CGAP have received honoraria and
travel expenses from Roche. No conflict of interest
declared.

References

1. Citri A, Yarden Y. EGF-ERBB signalling: towards the systems level. Nat
Rev Mol Cell Biol. 2006;7(7):505-16.

2. Coussens L, Yang-Feng TL, Liao YC, et al. Tyrosine kinase receptor with
extensive homology to EGF receptor shares chromosomal location with
neu oncogene. Science. 1985;230(4730):1132-39.

3. Cho H-S, Mason K, Ramyar KX, etal. Structure of the extracellular
region of HER2 alone and in complex with the Herceptin Fab. Nature.
2003;421(6924):756-60.

4. Garrett TPJ, McKern NM, Lou M, et al. The crystal structure of a truncated
ErbB2 ectodomain reveals an active conformation, poised to interact with
other ErbB receptors. Molecular Cell. 2003;11(2):495-505.

5. Slamon DIJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL.
Human breast cancer: correlation of relapse and survival with amplification
of the HER-2/neu oncogene. Science. 1987;235(4785):177-82.

6. Slamon DJ, Godolphin W, Jones LA, etal. Studies of the HER-2/
neu proto-oncogene in human breast and ovarian cancer. Science.
1989;244(4905):707-12.

7. Brennan PJ, Kumagai T, Berezov A, Murali R, Greene MI, Kumogai T.
HER2/neu: mechanisms of dimerization/oligomerization. Oncogene.
2000;19(53):6093-101.

8. Di Fiore PP, Pierce JH, Kraus MH, Segatto O, King CR, Aaronson SA.
erbB-2 is a potent oncogene when overexpressed in NIH/3T3 cells. Science.
1987;237(4811):178-82.

9. Hudziak RM, Schlessinger J, Ullrich A. Increased expression of the
putative growth factor receptor pI85HER2 causes transformation and
tumorigenesis of NIH 3T3 cells. Proceedings of the National Academy of
Sciences of the United States of America. 1987;84(20):7159-63.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Chazin VR, Kaleko M, Miller AD, Slamon DJ. Transformation mediated
by the human HER-2 gene independent of the epidermal growth factor
receptor. Oncogene. 1992;7(9):1859-66.

Guy CT, Webster MA, Schaller M, Parsons TJ, Cardiff RD, Muller WJ.
Expression of the neu protooncogene in the mammary epithelium of
transgenic mice induces metastatic disease. Proceedings of the National
Academy of Sciences of the United States of America. 1992;89(22):
10578-82.

Anbazhagan R, Gelber RD, Bettelheim R, Goldhirsch A, Gusterson BA.
Association of c-erbB-2 expression and S-phase fraction in the prognosis
of node positive breast cancer. Annals of Oncology: Official Journal of the
European Society for Medical Oncology/ESMO. 1991;2(1):47-53.
Andrulis IL, Bull SB, Blackstein ME, et al. neu/erbB-2 amplification
identifies a poor-prognosis group of women with node-negative
breast cancer. Toronto Breast Cancer Study Group. J Clin Oncol.
1998;16(4):1340-9.

Leitzel K, Teramoto Y, Konrad K, et al. Elevated serum c-erbB-2 antigen
levels and decreased response to hormone therapy of breast cancer. Journal
of Clinical Oncology: Official Journal of the American Society of Clinical
Oncology. 1995;13(5):1129-35.

Carlomagno C, Perrone F, Gallo C, et al. c-erb B2 overexpression decreases
the benefit of adjuvant tamoxifen in early-stage breast cancer without
axillary lymph node metastases. Journal of Clinical Oncology: Olfficial
Journal of the American Society of Clinical Oncology. 1996;14(10):
2702-2708.

Ellis MJ, Coop A, Singh B, et al. Letrozole is more effective neoadjuvant
endocrine therapy than tamoxifen for ErbB-1- and/or ErbB-2-positive,
estrogenreceptor-positive primary breast cancer: Evidence fromaphase I11
randomized trial. Journal of Clinical Oncology. 2001;19(18):3808—16.
Konecny G, Pauletti G, Pegram M, etal. Quantitative association
between HER-2/neu and steroid hormone receptors in hormone receptor-
positive primary breast cancer. Journal of the National Cancer Institute.
2003;95(2):142-53.

Gusterson BA, Gelber RD, Goldhirsch A, etal. Prognostic importance
of c-erbB-2 expression in breast cancer. International (Ludwig) Breast
Cancer Study Group. Journal of Clinical Oncology: Official Journal of the
American Society of Clinical Oncology. 1992;10(7):1049-56.

Paik S, Bryant J, Tan-Chiu E, etal. HER2 and choice of adjuvant
chemotherapy for invasive breast cancer: National surgical adjuvant breast
and bowel project protocol B-15. Journal of the National Cancer Institute.
2000;92(24):1991-98.

Pritchard KI, Shepherd LE, O’Malley FP, et al. HER2 and responsiveness
of breast cancer to adjuvant chemotherapy. N Engl J Med. 2006;354(20):
2103-11.

Levine MN, Pritchard KI, Bramwell VHC, Shepherd LE, Tu D,
Paul N. Randomized Trial Comparing Cyclophosphamide, Epirubicin,
and Fluorouracil With Cyclophosphamide, Methotrexate, and Fluorouracil
in Premenopausal Women With Node-Positive Breast Cancer: Update of
National Cancer Institute of Canada Clinical Trials Group Trial MAS.
J Clin Oncol. 2005;23(22):5166-70.

Levine MN, Bramwell VH, Pritchard KI, etal. Randomized trial of
intensive cyclophosphamide, epirubicin, and fluorouracil chemotherapy
compared with cyclophosphamide, methotrexate, and fluorouracil in
premenopausal women with node-positive breast cancer. National Cancer
Institute of Canada Clinical Trials Group. J Clin Oncol. 1998;16(8):
2651-58.

Hudziak RM, Lewis GD, Winget M, Fendly BM, Shepard HM, Ullrich A.
p185(HER2) monoclonal antibody has antiproliferative effects in vitro and
sensitizes human breast tumor cells to tumor necrosis factor. Molecular
and Cellular Biology. 1989;9(3):1165-72.

Harwerth IM, Wels W, Schlegel J, Miiller M, Hynes NE. Monoclonal
antibodies directed to the erbB-2 receptor inhibit in vivo tumour cell
growth. British Journal of Cancer. 1993;68(6):1140-45.

Pietras RJ, Pegram MD, Finn RS, Maneval DA, Slamon DJ. Remission of
human breast cancer xenografts on therapy with humanized monoclonal
antibody to HER-2 receptor and DNA-reactive drugs. Oncogene.
1998;17(17):2235-49.

566

Clinical Medicine: Therapeutics 2009:1


http://www.la-press.com

A review of trastuzumab-based therapy in patients

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Hancock MC, Langton BC, Chan T, etal. A Monoclonal Antibody
against the c-erbB-2 Protein Enhances the Cytotoxicity of cis-
Diamminedichloroplatinum against Human Breast and Ovarian Tumor
Cell Lines. Cancer Res. 1991;51(17):4575-80.

Baselga J, Norton L, Albanell J, Kim Y-M, Mendelsohn J. Recombinant
Humanized Anti-HER2 Antibody (HerceptinTM) Enhances the Antitumor
Activity of Paclitaxel and Doxorubicin against HER2/neu Overexpressing
Human Breast Cancer Xenografts. Cancer Res. 1998;58(13):2825-31.
Pegram MD, Pauletti G, Slamon DJ. HER-2/neu as a predictive
marker of response to breast cancer therapy. Breast Cancer Res Treat.
1998;52(1-3):65-77.

Fendly BM, Winget M, Hudziak RM, Lipari MT, Napier MA, Ullrich A.
Characterization of Murine Monoclonal Antibodies Reactive to Either the
Human Epidermal Growth Factor Receptor or HER2/neu Gene Product.
Cancer Res. 1990;50(5):1550-8.

Shepard HM, Lewis GD, Sarup JC, et al. Monoclonal antibody therapy of
human cancer: taking the HER2 protooncogene to the clinic. Journal of
Clinical Immunology. 1991;11(3):117-27.

Carter P, Presta L, Gorman CM, et al. Humanization of an anti-pl 8SHER2
antibody for human cancer therapy. Proceedings of the National Academy
of Sciences of the United States of America. 1992;89(10):4285-89.
Cooley S, Burns LJ, Repka T, Miller JS. Natural killer cell cytotoxicity of
breast cancer targets is enhanced by two distinct mechanisms of antibody-
dependent cellular cytotoxicity against LFA-3 and HER2/neu. Experimental
Hematology. 1999;27(10):1533-41.

Clynes RA, Towers TL, Presta LG, Ravetch JV. Inhibitory Fc receptors modulate
in vivo cytoxicity against tumor targets. Nat Med. 2000;6(4):443—46.

Gennari R, Menard S, Fagnoni F, etal. Pilot Study of the Mechanism
of Action of Preoperative Trastuzumab in Patients with Primary
Operable Breast Tumors Overexpressing HER2. Clin Cancer Res.
2004;10(17):5650-55.

Yakes FM, Chinratanalab W, Ritter CA, King W, Seelig S, Arteaga CL.
Herceptin-induced inhibition of phosphatidylinositol-3 kinase and Akt is
required for antibody-mediated effects on p27, cyclin D1, and antitumor
action. Cancer Research. 2002;62(14):4132-41.

Christianson TA, Doherty JK, Lin YJ, et al. NH2-terminally Truncated
HER-2/neu Protein: Relationship with Shedding of the Extracellular
Domain and with Prognostic Factors in Breast Cancer. Cancer Res.
1998;58(22):5123-29.

Molina MA, Codony-Servat J, Albanell J, Rojo F, Arribas J, Baselga J.
Trastuzumab (Herceptin), a humanized anti-HER2 receptor monoclonal
antibody, inhibits basal and activated HER2 ectodomain cleavage in breast
cancer cells. Cancer Research. 2001;61(12):4744-9.

Nagata Y, Lan K-H, Zhou X, et al. PTEN activation contributes to tumor
inhibition by trastuzumab, and loss of PTEN predicts trastuzumab
resistance in patients. Cancer Cell. 2004;6(2):117-27.

Petit AM, Rak J, Hung MC, et al. Neutralizing antibodies against epidermal
growth factor and ErbB-2/neu receptor tyrosine kinases down-regulate
vascular endothelial growth factor production by tumor cells in vitro and
in vivo: angiogenic implications for signal transduction therapy of solid
tumors. The American Journal of Pathology. 1997;151(6):1523-30.

Izumi Y, Xu L, di Tomaso E, Fukumura D, Jain RK. Tumour biology:
Herceptin acts as an anti-angiogenic cocktail. Nature. 2002;416(6878):
279-80.

Pietras RJ, Fendly BM, Chazin VR, Pegram MD, Howell SB, Slamon
DJ. Antibody to HER-2/neu receptor blocks DNA repair after cisplatin in
human breast and ovarian cancer cells. Oncogene. 1994;9(7):1829-38.
Baselga J, Tripathy D, Mendelsohn J, etal. Phase II study of weekly
intravenous recombinant humanized anti-p 8SHER2 monoclonal antibody
in patients with HER2/neu-overexpressing metastatic breast cancer.
Journal of Clinical Oncology: Official Journal of the American Society of
Clinical Oncology. 1996;14(3):737—44.

Cobleigh MA, Vogel CL, Tripathy D, et al. Multinational study of the efficacy
and safety of humanized anti-HER2 monoclonal antibody in women who
have HER2-overexpressing metastatic breast cancer that has progressed after
chemotherapy for metastatic disease. Journal of Clinical Oncology: Official
Journal of the American Society of Clinical Oncology. 1999;17(9):2639-48.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Vogel CL, Cobleigh MA, Tripathy D, etal. Efficacy and safety
of trastuzumab as a single agent in first-line treatment of HER2-
overexpressing metastatic breast cancer. Journal of Clinical Oncology:
Official Journal of the American Society of Clinical Oncology. 2002;20(3):
719-26.

Harris K WC, Lu JF. A population pharmacokinetic (PK) model for
Herceptin (H) and implications for clinical dosing. ASCO. Proc Am Soc
Clin Oncol. 2002;21:123a.

Baselga J, Carbonell X, Castafieda-Soto NJ, et al. Phase II study of efficacy,
safety, and pharmacokinetics of trastuzumab monotherapy administered on
a 3-weekly schedule. Journal of Clinical Oncology: Official Journal of the
American Society of Clinical Oncology. 2005;23(10):2162-71.

Slamon DIJ, Leyland-Jones B, Shak S, etal. Use of chemotherapy plus
a monoclonal antibody against HER2 for metastatic breast cancer that
overexpresses HER2. N Engl J Med. 2001;344(11):783-92.

Marty M, Cognetti F, Maraninchi D, et al. Randomized Phase II Trial of the
Efficacy and Safety of Trastuzumab Combined With Docetaxel in Patients
With Human Epidermal Growth Factor Receptor 2-Positive Metastatic
Breast Cancer Administered As First-Line Treatment: The M77001 Study
Group. J Clin Oncol. 2005;23(19):4265-74.

Robert N, Leyland-Jones B, Asmar L, et al. Randomized phase III study of
trastuzumab, paclitaxel, and carboplatin compared with trastuzumab and
paclitaxel in women with HER-2-overexpressing metastatic breast cancer.
Journal of Clinical Oncology: Official Journal of the American Society of
Clinical Oncology. 2006;24(18):2786-92.

Forbes JF JK,. Pienkowski T, Valero V, et al. BCIRG 007: randomized
phase III trial of trastuzumab plus docetaxel with or without carboplatin
first line in HER2 positive metastatic breast cancer (MBC). Journal of
Clinical Oncology. 2006;24(No. 188S).

Burstein HJ, Keshaviah A, Baron AD, et al. Trastuzumab plus vinorelbine
or taxane chemotherapy for HER2-overexpressing metastatic breast cancer:
the trastuzumab and vinorelbine or taxane study. Cancer. 2007;110(5):
965-72.

Leyland-Jones B, Gelmon K, Ayoub JP, et al. Pharmacokinetics, safety, and
efficacy of trastuzumab administered every three weeks in combination
with paclitaxel. Journal of Clinical Oncology: Official Journal of the
American Society of Clinical Oncology. 2003;21(21):3965-71.

Seidman AD, Fornier MN, Esteva FJ, etal. Weekly Trastuzumab and
Paclitaxel Therapy for Metastatic Breast Cancer With Analysis of Efficacy
by HER2 Immunophenotype and Gene Amplification. J Clin Oncol.
2001;19(10):2587-95.

Gori S, Colozza M, Mosconi AM, et al. Phase II study of weekly paclitaxel
and trastuzumab in anthracycline- and taxane-pretreated patients with
HER2-overexpressing metastatic breast cancer. British Journal of Cancer.
2004;90(1):36-40.

Fountzilas G, Tsavdaridis D, Kalogera-Fountzila A, et al. Weekly paclitaxel
as first-line chemotherapy and trastuzumab in patients with advanced breast
cancer. Ann Oncol. 2001;12(11):1545-51.

Ruiz M, Salvador J, Bayo J, et al. Phase-II study of weekly schedule of
trastuzumab, paclitaxel, and carboplatin followed by a week off every
28 days for HER2+ metastatic breast cancer. Cancer Chemotherapy and
Pharmacology. 2008;62(6):1085-90.

Montemurro F, Choa G, Faggiuolo R, et al. Safety and activity of docetaxel
and trastuzumab in HER2 overexpressing metastatic breast cancer: a pilot
phase Il study. American Journal of Clinical Oncology. 2003;26(1):
95-7.

Sato N, Sano M, Tabei T, et al. Combination docetaxel and trastuzumab
treatment for patients with HER-2-overexpressing metastatic breast
cancer: a multicenter, phase-Il study. Breast Cancer (Tokyo, Japan).
2006;13(2):166-71.

Esteva FJ, Valero V, Booser D, et al. Phase II Study of Weekly Docetaxel
and Trastuzumab for Patients With HER-2-Overexpressing Metastatic
Breast Cancer. J Clin Oncol. 2002;20(7):1800-8.

Tedesco KL, Thor AD, Johnson DH, et al. Docetaxel Combined With
Trastuzumab Is an Active Regimen in HER-2 3+ Overexpressing and
Fluorescent In Situ Hybridization-Positive Metastatic Breast Cancer:
A Multi-Institutional Phase II Trial. J Clin Oncol. 2004;22(6):1071-7.

Clinical Medicine: Therapeutics 2009:1

567


http://www.la-press.com

Church and Price

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Papaldo P, Fabi A, Ferretti G, etal. A phase Il study on metastatic
breast cancer patients treated with weekly vinorelbine with or without
trastuzumab according to HER2 expression: changing the natural history
of HER2-positive disease. Annals of Oncology: Official Journal of the
European Society for Medical Oncology/ESMO. 2006;17(4):630-6.
Jahanzeb M, Mortimer JE, Yunus F, etal. Phase II Trial of Weekly
Vinorelbine and Trastuzumab as First-Line Therapy in Patients with
HER2+ Metastatic Breast Cancer. Oncologist. 2002;7(5):410-7.

De Maio E, Pacilio C, Gravina A, etal. Vinorelbine plus 3-weekly
trastuzumab in metastatic breast cancer: a single-centre phase 2 trial. BMC
Cancer. 2007;7:50-50.

Bartsch R, Wenzel C, Altorjai G, et al. Results from an observational trial
with oral vinorelbine and trastuzumab in advanced breast cancer. Breast
Cancer Research and Treatment. 2007;102(3):375-81.

Bayo-Calero JL, Mayordomo JI, Sanchez-Rovira P, et al. Aphase Il study
of weekly vinorelbine and trastuzumab in patients with HER2-positive
metastatic breast cancer. Clinical Breast Cancer. 2008;8(3):264-8.
O’Shaughnessy JA, Vukelja S, Marsland T, Kimmel G, Ratnam S,
Pippen JE. Phase II study of trastuzumab plus gemcitabine in chemotherapy-
pretreated patients with metastatic breast cancer. Clinical Breast Cancer-.
2004;5(2):142-7.

Bartsch R, Wenzel C, Gampenrieder SP, etal. Trastuzumab and
gemcitabine as salvage therapy in heavily pre-treated patients with
metastatic breast cancer. Cancer Chemotherapy and Pharmacology.
2008;62(5):903-10.

Theodoulou M CS, Batist G, et al. TLC D99 (D, Myocet) and herceptin (H)
is safe in advanced breast cancer (ABC): final cardiac safety and efficacy
analysis. Proc Am Soc Clin Oncol. 2002;21:55a. (Abstr 216).

Wolff AC WM, Sparano JA, etal. Cardiac safety and clinical activity
of pegylated liposomal doxorubicin (D) and docetaxel (T) with and
without trastuzumab (H) as 1st line chemotherapy in HER2-positive and
HER2-negative metastatic breast cancer (MBC): Eastern Cooperative
Oncology Group (ECOG) trial E3198 (abstract 3040). Breast Cancer Res
Treat. 2004;88(Suppl 1). S125.

Chia S, Clemons M, Martin L-A, et al. Pegylated Liposomal Doxorubicin
and Trastuzumab in HER-2 Overexpressing Metastatic Breast Cancer:
A Multicenter Phase II Trial. J Clin Oncol. 2006;24(18):2773-8.
Andreopoulou E, Gaiotti D, Kim E, et al. Feasibility and cardiac safety of
pegylated liposomal doxorubicin plus trastuzumab in heavily pretreated
patients with recurrent HER2-overexpressing metastatic breast cancer.
Clinical Breast Cancer. 2007;7(9):690—-6.

Schaller G, Fuchs I, Gonsch T, et al. Phase II study of capecitabine plus
trastuzumab in human epidermal growth factor receptor 2 overexpressing
metastatic breast cancer pretreated with anthracyclines or taxanes. Journal
of Clinical Oncology: Official Journal of the American Society of Clinical
Oncology. 2007;25(22):3246-50.

Yamamoto D, Iwase S, Kitamura K, Odagiri H, Yamamoto C, Nagumo Y.
A phase II study of trastuzumab and capecitabine for patients with
HER2-overexpressing metastatic breast cancer: Japan Breast Cancer
Research Network (JBCRN) 00 Trial. Cancer Chemotherapy and
Pharmacology. 2008;61(3):509—-14.

Pegram MD, Lipton A, Hayes DEF, etal. Phase II study of
receptor-enhanced chemosensitivity using recombinant humanized
anti-pl85HER2/neu monoclonal antibody plus cisplatin in patients
with HER2/neu-overexpressing metastatic breast cancer refractory to
chemotherapy treatment. Journal of Clinical Oncology: Official Journal
of the American Society of Clinical Oncology. 1998;16(8):2659-71.
Perez EA, Suman VJ, Rowland KM, et al. Two concurrent phase 11 trials of
paclitaxel/carboplatin/trastuzumab (weekly or every-3-week schedule) as
first-line therapy in women with HER2-overexpressing metastatic breast
cancer: NCCTG study 983252. Clinical Breast Cancer. 2005;6(5):425-32.
Sledge GW. Gemcitabine, paclitaxel, and trastuzumab in metastatic breast
cancer. Oncology (Williston Park, NY). 2003;17(12 Suppl 14):33-5.
Fountzilas G, Christodoulou C, Tsavdaridis D, et al. Paclitaxel and gemcitabine,
as first-line chemotherapy, combined with trastuzumab in patients with
advanced breast cancer: a phase II study conducted by the Hellenic Cooperative
Oncology Group (HeCOG). Cancer Investigation. 2004;22(5):655-62.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Bianchi G, Albanell J, Eiermann W, etal. Pilot Trial of Trastuzumab
Starting with or after the Doxorubicin Component of a Doxorubicin plus
Paclitaxel Regimen for Women with HER2-Positive Advanced Breast
Cancer. Clin Cancer Res. 2003;9(16):5944-51.

Pegram MD, Pienkowski T, Northfelt DW, etal. Results of
Two Open-Label, Multicenter Phase II Studies of Docetaxel, Platinum
Salts, and Trastuzumab in HER2-Positive Advanced Breast Cancer. J Natl
Cancer Inst. 2004;96(10):759—-69.

Stemmler HJ, Kahlert S, Brudler O, et al. High efficacy of gemcitabine
and cisplatin plus trastuzumab in patients with HER2-overexpressing
metastatic breast cancer: a phase II study. Clinical Oncology (Royal
College of Radiologists (Great Britain)). 2005;17(8):630-5.

Loesch D, Asmar L, McIntyre K, etal. Phase II trial of gemcitabine/
carboplatin (plus trastuzumab in HER2-positive disease) in patients with
metastatic breast cancer. Clinical Breast Cancer. 2008;8(2):178-86.
Morabito A, Longo R, Gattuso D, etal. Trastuzumab in combination
with gemcitabine and vinorelbine as second-line therapy for HER-2/neu
overexpressing metastatic breast cancer. Oncology Reports. 2006;16(2):
393-8.

Burstein HJ, Kuter I, Campos SM, et al. Clinical activity of trastuzumab
and vinorelbine in women with HER2-overexpressing metastatic breast
cancer. Journal of Clinical Oncology: Official Journal of the American
Society of Clinical Oncology. 2001;19(10):2722-30.

Chan A, Martin M, Untch M, etal. Vinorelbine plus trastuzumab
combination as first-line therapy for HER 2-positive metastatic breast
cancer patients: an international phase II trial. British Journal of Cancer.
2006;95(7):788-93.

Burstein HJ, Harris LN, Marcom PK, et al. Trastuzumab and vinorelbine
as first-line therapy for HER2-overexpressing metastatic breast cancer:
multicenter phase II trial with clinical outcomes, analysis of serum tumor
markers as predictive factors, and cardiac surveillance algorithm. Journal
of Clinical Oncology: Official Journal of the American Society of Clinical
Oncology. 2003;21(15):2889-95.

Gaul MD, Guo Y, Affleck K, etal. Discovery and biological
evaluation of potent dual ErbB-2/EGFR tyrosine kinase inhibitors:
6-thiazolylquinazolines. Bioorganic and Medicinal Chemistry Letters.
2003;13(4):637-40.

Konecny GE, Pegram MD, Venkatesan N, etal. Activity of the dual
kinase inhibitor lapatinib (GW572016) against HER-2-overexpressing
and trastuzumab-treated breast cancer cells. Cancer Research.
2006;66(3):1630-9.

Xia W, Gerard CM, Liu L, Baudson NM, Ory TL, Spector NL. Combining
lapatinib (GW572016), a small molecule inhibitor of ErbB1 and ErbB2
tyrosine kinases, with therapeutic anti-ErbB2 antibodies enhances
apoptosis of ErbB2-overexpressing breast cancer cells. Oncogene.
2005;24(41):6213-21.

Storniolo AM, Pegram MD, Overmoyer B, et al. Phase I dose escalation
and pharmacokinetic study of lapatinib in combination with trastuzumab
in patients with advanced ErbB2-positive breast cancer. Journal of Clinical
Oncology: Official Journal of the American Society of Clinical Oncology.
2008;26(20):3317-23.

Nahta R, Hung MC, Esteva FJ. The HER-2-Targeting Antibodies
Trastuzumab and Pertuzumab Synergistically Inhibit the Survival of Breast
Cancer Cells. Cancer Res. 2004;64(7):2343—6.

Portera CC, Walshe JM, Rosing DR, et al. Cardiac Toxicity and Efficacy
of Trastuzumab Combined with Pertuzumab in Patients with Trastuzumab-
Insensitive Human Epidermal Growth Factor Receptor 2-Positive
Metastatic Breast Cancer. Clin Cancer Res. 2008;14(9):2710-16.
Normanno N, Campiglio M, De Luca A, et al. Cooperative inhibitory effect
of ZD1839 (Iressa) in combination with trastuzumab (Herceptin) on human
breast cancer cell growth. Ann Oncol. 2002;13(1):65-72.

Warburton C, Dragowska WH, Gelmon K, etal. Treatment of
HER-2/neu Overexpressing Breast Cancer Xenograft Models with
Trastuzumab (Herceptin) and Gefitinib (ZD1839): Drug Combination Effects
on Tumor Growth, HER-2/neu and Epidermal Growth Factor Receptor
Expression, and Viable Hypoxic Cell Fraction. Clin Cancer Res. 2004;10(7):
2512-24.

568

Clinical Medicine: Therapeutics 2009:1


http://www.la-press.com

A review of trastuzumab-based therapy in patients

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Arteaga CL, O’Neill A, Moulder SL, et al. A phase I-1I study of combined
blockade of the ErbB receptor network with trastuzumab and gefitinib
in patients with HER2 (ErbB2)-overexpressing metastatic breast cancer.
Clinical Cancer Research: An Official Journal of the American Association

for Cancer Research. 2008;14(19):6277-83.

Dang CT, Dannenberg AJ, Subbaramaiah K, etal. Phase II study of
celecoxib and trastuzumab in metastatic breast cancer patients who have
progressed after prior trastuzumab-based treatments. Clinical Cancer
Research: An Official Journal of the American Association for Cancer
Research. 2004;10(12 Pt 1):4062—7.

Modi S, Stopeck AT, Gordon MS, et al. Combination of trastuzumab
and tanespimycin (17-AAG, KOS-953) is safe and active in
trastuzumab-refractory HER-2 overexpressing breast cancer: a phase I
dose-escalation study. Journal of Clinical Oncology: Official Journal
of the American Society of Clinical Oncology. 2007;25(34):5410-7.
Carney WP, Neumann R, Lipton A, Leitzel K, Ali S, Price CP. Potential
Clinical Utility of Serum HER-2/neu Oncoprotein Concentrations in
Patients with Breast Cancer. Clin Chem. 2003;49(10):1579-98.

Kostler WJ, Schwab B, Singer CF, et al. Monitoring of Serum Her-2/neu
Predicts Response and Progression-Free Survival to Trastuzumab-Based
Treatment in Patients with Metastatic Breast Cancer. Clin Cancer Res.
2004;10(5):1618-24.

Ali SM, Carney WP, Esteva FJ, etal. Serum HER-2/neu and relative
resistance to trastuzumab-based therapy in patients with metastatic breast
cancer. Cancer. 2008;113(6):1294-301.

Tripathy D, Slamon DJ, Cobleigh M, et al. Safety of treatment of metastatic
breast cancer with trastuzumab beyond disease progression. J Clin Oncol.
2004;22(6):1063-70.

Tanchiu PAK E, Paik S, Ulcickas-Yood M, Mayer M, et al. registHER:
a prospective, longitudinal cohort study of women with HER2 positive
metastatic breast cancer. Journal of Clinical Oncology. 2005;23(168S).
Gelmon KA, Mackey J, Verma S, et al. Use of trastuzumab beyond disease
progression: observations from a retrospective review of case histories.
Clinical Breast Cancer.2004;5(1):52-8;discussion 59—62—52-8; discussion
59-62.

Adamo V, Franchina T, Adamo B, et al. Safety and activity of trastuzumab-
containing therapies for the treatment of metastatic breast cancer: our long-term
clinical experience (GOIM study). Annals of Oncology: Official Journal of the
European Society for Medical Oncology/ESMO. 2007;18 Suppl 6:vil1-15.
Fountzilas G, Razis E, Tsavdaridis D, et al. Continuation of trastuzumab
beyond disease progression is feasible and safe in patients with metastatic
breast cancer: a retrospective analysis of 80 cases by the hellenic cooperative
oncology group. Clinical Breast Cancer. 2003;4(2):120-5.

Fabi A, Metro G, Ferretti G, et al. Do HER-2 positive metastatic breast
cancer patients benefit from the use of trastuzumab beyond disease
progression? A mono-institutional experience and systematic review of
observational studies. Breast (Edinburgh, Scotland). 2008;17(5):499-505.
Cancello G, Montagna E, D’Agostino D, et al. Continuing trastuzumab
beyond disease progression: outcomes analysis in patients with metastatic
breast cancer. Breast Cancer Research: BCR. 2008;10(4):R60—R60.
Stemmler HJ, Kahlert S, Siekiera W, Untch M, Heinrich B, Heinemann V.
Prolongedsurvival ofpatientsreceivingtrastuzumabbeyonddisease progression
for HER2 overexpressing metastatic breast cancer (MBC). Onkologie.
2005;28(11):582—6.

ExtraJM AEC, Vincent-Salomon A, Bergougnoux L, Campana F, Namer M.
Favourable effect of continued trastuzumab treatment in metastatic breast
cancer patients: results from the French Hermine cohort study. Breast
Cancer Res Treat. 2006;100(suppl 1):S102.

Montemurro F, Donadio M, Clavarezza M, et al. Outcome of Patients with
HER2-Positive Advanced Breast Cancer Progressing During Trastuzumab-
Based Therapy. Oncologist. 2006;11(4):318-24.

Livingston RB, Esteva FJ. Chemotherapy and Herceptin for HER-2+
Metastatic Breast Cancer: The Best Drug? Oncologist. 2001;6(4):315-6.
von Minckwitz G, du Bois A, Schmidt M, et al. Trastuzumab beyond
progression in human epidermal growth factor receptor 2-positive advanced
breast cancer: a german breast group 26/breast international group 03—05
study. J Clin Oncol. 2009;27(12):1999-2006.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Geyer CE, Forster J, Lindquist D, et al. Lapatinib plus capecitabine for
HER2-positive advanced breast cancer. The New England Journal of
Medicine. 2006;355(26):2733-43.

Clayton AJ, Danson S, Jolly S, et al. Incidence of cerebral metastases in
patients treated with trastuzumab for metastatic breast cancer. BrJ Cancer.
2004;91(4):639-43.

Bendell JC, Domchek SM, Burstein HJ, etal. Central nervous system
metastases in women who receive trastuzumab-based therapy for metastatic
breast carcinoma. Cancer. 2003;97(12):2972-7.

Stemmler HJ, Kahlert S, Siekiera W, Untch M, Heinrich B, Heinemann V.
Characteristics of patients with brain metastases receiving trastuzumab for
HER?2 overexpressing metastatic breast cancer. Breast. 2006;15(2):219-25.
Lai R, Dang CT, Malkin mg, Abrey LE. The risk of central nervous system
metastases after trastuzumab therapy in patients with breast carcinoma.
Cancer. 2004;101(4):810-6.

Yau T, Swanton C, Chua S, et al. Incidence, pattern and timing of brain
metastases among patients with advanced breast cancer treated with
trastuzumab. Acta Oncol. 2006;45(2):196-201.

Lower EE, Drosick DR, Blau R, Brennan L, Danneman W, Hawley DK.
Increased rate of brain metastasis with trastuzumab therapy not associated
with impaired survival. Clin Breast Cancer. 2003;4(2):114-9.

Shmueli E, Wigler N, Inbar M. Central nervous system progression among
patients with metastatic breast cancer responding to trastuzumab treatment.
Eur J Cancer. 2004;40(3):379-82.

Gori S, Rimondini S, De Angelis V, etal. Central nervous system
metastases in HER-2 positive metastatic breast cancer patients treated
with trastuzumab: incidence, survival, and risk factors. The Oncologist.
2007;12(7):766-73.

Barnholtz-Sloan JS, Sloan AE, Davis FG, Vigneau FD, Lai P, Sawaya RE.
Incidence Proportions of Brain Metastases in Patients Diagnosed (1973
to 2001) in the Metropolitan Detroit Cancer Surveillance System. J Clin
Oncol. 2004;22(14):2865-72.

Schouten LJ, Rutten J, Huveneers HAM, Twijnstra A. Incidence of brain
metastases in a cohort of patients with carcinoma of the breast, colon,
kidney and lung and melanoma. Cancer. 2002;94(10):2698-05.

Melisko ME, Glantz M, Rugo HS. New challenges and opportunities
in the management of brain metastases in patients with ErbB2-positive
metastatic breast cancer. Nature Clinical Practice Oncology. 2009;6(1):
25-33.

Church DN, Bahl A, Jones A, Price CG. HER2-positive Breast Cancer
Brain Metastases: Multiple Responses to Systemic Chemotherapy and
Trastuzumab-a Case Report. J Neurooncol. 2006;79(3):289-92.

Kirsch DG, Ledezma CJ, Mathews CS, et al. Survival after brain metastases
from breast cancer in the trastuzumab era. J Clin Oncol. 2005;23(9):2114-6;
author reply 2116-7.

Park TH, Ro J, Lee KS, Nam BH, Kwon Y, Shin KH. Trastuzumab
treatment beyond brain progression in HER2-positive metastatic breast
cancer. Ann Oncol. 2009;20(1):56-62.

Church DN, Modgil R, Guglani S, etal. Extended survival in women
with brain metastases from HER2 overexpressing breast cancer. American
Journal of Clinical Oncology. 2008;31(3):250-4.

O’Shaughnessy J, Vukelja SJ, Marsland T, Kimmel G, Ratnam S, Pippen J.
Phase 1II trial of gemcitabine plus trastuzumab in metastatic breast cancer
patients previously treated with chemotherapy: preliminary results. Clinical
Breast Cancer. 2002;3 Suppl 1:17-20.

Pinder MC, Duan Z, Goodwin JS, Hortobagyi GN, Giordano SH.
Congestive Heart Failure in Older Women Treated With Adjuvant
Anthracycline Chemotherapy for Breast Cancer. J Clin Oncol.
2007;25(25):3808-15.

Guarneri V, Lenihan DJ, Valero V, et al. Long-term cardiac tolerability of
trastuzumab in metastatic breast cancer: The MD Anderson Cancer Center
experience. Journal of Clinical Oncology. 2006;24(25):4107-15.

Perez EA, Rodeheffer R. Clinical Cardiac Tolerability of Trastuzumab.
J Clin Oncol. 2004;22(2):322-9.

Ewer MS, Vooletich MT, Durand JB, et al. Reversibility of Trastuzumab-
Related Cardiotoxicity: New Insights Based on Clinical Course and
Response to Medical Treatment. J Clin Oncol. 2005;23(31):7820-6.

Clinical Medicine: Therapeutics 2009:1

569


http://www.la-press.com

Church and Price

&,

133.

134.

135.

136.

137.

138.

139.

140.

Fox KF. The evaluation of left ventricular function for patients being
considered for, or receiving Trastuzumab (Herceptin) therapy. BrJ Cancer.
2006;95(10):1454-1454.

Bontenbal M, Seynaeve C, Stouthard J, et al. Randomized study comparing
efficacy/toxicity of monotherapy trastuzumab followed by monotherapy
docetaxel at progression, and combination trastuzumab/docetaxel as first-
line chemotherapy in HER2-neu positive, metastatic breast cancer (MBC)
(HERTAX study). J Clin Oncol. 2008;26:(May 20 suppl; abstr 1014).
Seidman AD, Berry D, Cirrincione C, et al. Randomized phase III trial
of weekly compared with every-3-weeks paclitaxel for metastatic breast
cancer, with trastuzumab for all HER-2 overexpressors and random
assignment to trastuzumab or not in HER-2 nonoverexpressors: final
results of Cancer and Leukemia Group B protocol 9840. Journal of Clinical
Oncology: Official Journal of the American Society of Clinical Oncology.
2008;26(10):1642-9.

Jacobs TW, Gown AM, Yaziji H, Barnes MJ, Schnitt SJ. Comparison of
Fluorescence In Situ Hybridization and Immunohistochemistry for the
Evaluation of HER-2/neu in Breast Cancer. J Clin Oncol. 1999;17(7):
1974-4.

WolffAC,Hammond MEH, Schwartz JN, et al. American Society of Clinical
Oncology/College of American Pathologists Guideline Recommendations
for Human Epidermal Growth Factor Receptor 2 Testing in Breast Cancer.
J Clin Oncol. 2007;25(1):118-45.

Fujita T, Doihara H, Kawasaki K, et al. PTEN activity could be a predictive
marker of trastuzumab efficacy in the treatment of ErbB2-overexpressing
breast cancer. British Journal of Cancer. 2006;94(2):247-52.

Berns K, Horlings HM, Hennessy BT, et al. A Functional Genetic Approach
Identifies the PI3K Pathway as a Major Determinant of Trastuzumab
Resistance in Breast Cancer. Cancer Cell. 2007;12(4):395-402.

Nagata Y, Lan KH, Zhou X, Tan M, Esteva FJ, Sahin AA. PTEN activation
contributes to tumor inhibition by trastuzumab, and loss of PTEN predicts
trastuzumab resistance in patients. Cancer Cell. 2004;6:117-27.

141.

142.

143.

144.

145.

146.

147.

148.

LuY, Zi X, Zhao Y, Mascarenhas D, Pollak M. Insulin-Like Growth Factor-I
Receptor Signalingand Resistance to Trastuzumab (Herceptin)..J Natl Cancer
Inst. 2001;93(24):1852-7.

Nahta R, Yuan LXH, Zhang B, Kobayashi R, Esteva FJ. Insulin-like
Growth Factor-I Receptor/Human Epidermal Growth Factor Receptor
2 Heterodimerization Contributes to Trastuzumab Resistance of Breast
Cancer Cells. Cancer Res. 2005;65(23):11118-28.

Esparis-Ogando A, Ocana A, Rodriguez-Barrueco R, Ferreira L, Borges J,
PandiellaA.SynergicantitumoraleffectofanIGF-IR inhibitorandtrastuzumab
on HER2-overexpressing breast cancer cells. Ann Oncol. 2008;19(11):
1860-9.

Harris LN, You F, Schnitt SJ, et al. Predictors of Resistance to Preoperative
Trastuzumab and Vinorelbine for HER2-Positive Early Breast Cancer. Clin
Cancer Res. 2007;13(4):1198-207.

Kostler WJ, Hudelist G, Rabitsch W, et al. Insulin-like growth factor-1
receptor (IGF-1R) expression does not predict for resistance to trastuzumab-
based treatment in patients with Her-2/neu overexpressing metastatic
breast cancer. Journal of Cancer Research and Clinical Oncology.
2006;132(1):9-18.

Kute T, Lack CM, Willingham M, etal. Development of Herceptin
resistance in breast cancer cells. Cytometry. Part A: The Journal of the
International Society for Analytical Cytology. 2004;57(2):86-93.
Shattuck DL, Miller JK, Carraway KL, Sweeney C. Met Receptor
Contributes to Trastuzumab Resistance of Her2-Overexpressing Breast
Cancer Cells. Cancer Res. 2008;68(5):1471-7.

Diermeier S, Horvath G, Knuechel-Clarke R, Hofstaedter F, Szollosi J,
Brockhoff G. Epidermal growth factor receptor coexpression modulates
susceptibility to Herceptin in HER2/neu overexpressing breast cancer cells
via specific erbB-receptor interaction and activation. Experimental Cell
Research. 2005;304(2):604-19.

“I would like to say that this is the most author-friendly

Your paper will be:

Publish with Libertas Academica and
every scientist working in your field can
read your article

editing process | have experienced in over 150
publications. Thank you most sincerely.”

“The communication between your staff and me has
been terrific. Whenever progress is made with the
manuscript, | receive notice. Quite honestly, I've
never had such complete communication with a
Jjournal.”

“LA is different, and hopefully represents a kind of
scientific publication machinery that removes the
hurdles from free flow of scientific thought.”

° Available to your entire community
free of charge
Fairly and quickly peer reviewed
Yours! You retain copyright

http://www.la-press.com

570

Clinical Medicine: Therapeutics 2009:1


http://www.la-press.com
http://www.la-press.com

