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Abstract In the year 2006, breast cancer was estimated to affect >200 000 American

women and cause nearly 56 000 deaths. Furthermore, breast cancer is the most
common cancer diagnosed and second most common cause of cancer-related
deaths in women. The current treatment armamentarium for breast cancer includes
chemotherapy, endocrine therapy and biological therapy. Treatment has become
more individualised based on characteristics of the tumour including overexpres-
sion of the human epidermal growth factor receptor (HER)-2. Between 20 and
30% of all breast cancers overexpress HER2, which means 40 000-60 000
patients will have this type of cancer.

Previously, overexpression of HER2 was a negative prognostic and predictive
risk factor for survival, however, with the advent of trastuzumab, patients’
prognosis is improving in all treatment settings. Much controversy exists in the
use of trastuzumab, including (i) the sequence of adjuvant trastuzumab (concur-
rent with chemotherapy or sequential); (ii) the treatment duration (<1 year, 1 year
or 2 years); and (iii) the treatment choice upon disease progression (whether to
continue or not with trastuzumab and add another cytotoxic agent). Current trials
are ongoing to help answer these questions.

Furthermore, there has been interest in predicting which HER2-positive
patients would require anthracycline therapy, and which could avoid anthra-
cycline therapy and its toxicities. Novel therapeutics, such as lapatinib, an oral
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tyrosine kinase inhibitor, which blocks both the epidermal growth factor receptor
and HER2 receptor has recently been approved by the US FDA. Whereas
pertuzumab, a humanised monoclonal antibody, directed against heterodimerisa-
tion of HER2 and HER3 has entered phase II and III clinical trials.

In the year 2006, breast cancer was estimated to
affect >200 000 American women and cause ap-
proximately 56 000 deaths.!'! Although the inci-
dence of breast cancer is increasing, the 5-year
survival rate has continued to improve. This im-
provement to overall survival (OS) is largely a result
of new chemotherapeutic and biological agents.
Human epidermal growth factor receptor (HER)-2
belongs to the family of epidermal growth factor
receptors (EGFRs) and is overexpressed in 20-30%
of all breast cancers 23! Furthermore, the overex-
pression of HER2 is a negative prognostic and pre-
dictive risk factor.*3! Patients with HER2 positivity
have more aggressive disease, greater likelihood of
lymph node involvement, decreased estrogen recep-
tor (ER) expression and increased resistance to en-
docrine therapy, although they have recently been
found to have an increased responsiveness to anthra-
cycline treatment.[6-10]

Initially approved by the US FDA in 1998 for
treatment of metastatic breast cancer, trastuzumab
has been recently approved in the adjuvant setting
after pivotal trials revealed statistically significant
improvement in the risk of recurrence by nearly
50% and improvement of the OS by one-third.'!-14
There are still many unanswered questions as to the
best sequence, the optimal treatment duration, and
whether to continue trastuzumab upon disease pro-
gression. Randomised trials presented at national
meetings and published have attempted to answer
these questions.

1. Trastuzumab

Trastuzumab is a recombinant, humanised IgG
monoclonal antibody that targets the extracellular
domain of the HER2 receptor.!'3 The exact mecha-
nism of action of trastuzumab remains unclear, al-
though several theories have been proposed.l's:!7!
Trastuzumab may decrease the concentration of
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HER?2 at the cellular membrane; thus, preventing
homodimerisation and heterodimerisation.'®! Tras-
tuzumab also appears to cause arrest of the cell cycle
through the inhibition of phosphatidylinositol 3-kin-
ase (PI3K) and mitogen-activated protein kinase
(MAPK) cascades by the downmodulation of the
HER?2 receptor. In addition, trastuzumab activates
phosphatase and tensin homologue (PTEN) causing
dephosphorylation of Akt resulting in cessation of
growth.!'6181 Additionally, trastuzumab has been
shown to sensitise HER2 overexpressed breast can-
cer cell lines to cytotoxic therapy (i.e. taxanes and
etoposide) through reducing the levels of Mcl-1, an
antiapoptotic protein, thus promoting cell death.!'!
As seen in in vivo studies, trastuzumab may also
inhibit angiogenesis.”” Another mechanism of ac-
tion is through antibody-dependent cellular cytoxic-
ity (ADCC) by which the Fc domain of trastuzumab
activates natural killer cells to attack and destroy
cells expressing HER2.[2!

1.1 Trastuzumab in Metastatic Breast Cancer

Before the use of trastuzumab in the adjuvant
setting, it was approved for the treatment of meta-
static breast cancer (MBC) in patients who tested
HER?2 positive. Trastuzumab has shown single-
agent activity in MBC with a response rate of ap-
proximately 30%.%2) However, in combination with
chemotherapy, trastuzumab produces higher re-
sponse rates. On the basis of preclinical data show-
ing synergy of trastuzumab with taxanes and anthra-
cyclines, a randomised trial was conducted where a
total of 234 patients received chemotherapy alone
(either an anthracycline plus cyclophosphamide
[AnC] or paclitaxel) compared with 235 patients
who received chemotherapy plus trastuzumab.!'4]
Patients who received the combination of chemo-
therapy plus trastuzumab had a median time to pro-
gression (TTP) of 7.4 months compared with 4.6
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months for the chemotherapy alone arm (p < 0.001).
Furthermore, there was an improvement in median
OS for those patients receiving chemotherapy plus
trastuzumab compared with those receiving chemo-
therapy alone (25.1 vs 20.3 months; p = 0.046). At
the completion of therapy, crossover in patients not
receiving trastuzumab as initial therapy was al-
lowed. However, it was shown that even when com-
paring upfront trastuzumab with crossing over, there
was an improvement in outcome with the upfront
use of trastuzumab. Interestingly, 39 patients (27%)
in the AnC plus trastuzumab treatment arm had
symptomatic or asymptomatic cardiac dysfunction,
whereas in the AnC alone arm only 8% of patients
had cardiac dysfunction. As a result of the relatively
high incidence of cardiotoxicity in the anthra-
cycline-containing arm (AnC plus trastuzumab), the
FDA approved the combination of paclitaxel plus
trastuzumab for use in MBC.

After the feasibility of combining trastuzumab
with chemotherapeutic agents had been evaluated in
preclinical studies,?3?# several phase IT and I1I trials
using as agents such as docetaxel, vinorelbine
(navelbine), capecitabine>-*! or carboplatin and
paclitaxel®*3!1 were completed in patients with
MBC. In a recent phase III trial comparing the
combination of trastuzumab and paclitaxel plus
carboplatin (HPCarbo) with trastuzumab and
paclitaxel (HP), patients in the HPCarbo arm had
significantly higher overall response rate compared
with the HP arm (52% vs 36%, respectively) [p =
0.04] and a significantly improved progression-free
survival (PES) [11.2 vs 6.9 months, respectively; p =
0.007].3" Toxicity was comparable with increased
neutropenia and thrombocytopenia in the HPCarbo
arm. Other trials combined trastuzumab in the meta-
static setting with docetaxel (T) administered week-
ly or every third week.[>>?! Patients when treated
with trastuzumab plus docetaxel (TH) every third
week had a significantly improved overall response
rate, OS, TTP, time to treatment failure and duration
of response compared with docetaxel alone.f!
However, results of the Breast Cancer International
Research Group (BCIRG 007) did not show any
significant differences in median TTP (11.1 vs 10.4
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months), overall response rates, rate of distant recur-
rence and clinical benefit when carboplatin (area
under the concentration time curve [AUC] of 6) was
added to docetaxel plus trastuzumab (TH vs
TCarboH).[32]

The combination of trastuzumab (4 mg/kg on day
1 followed by 2 mg/kg on day 8) with weekly vi-
norelbine (30 mg/m2) was evaluated in a phase II
study as first-line chemotherapy in HER2-positive
metastatic breast cancer.3* The regimen was safely
used with an overall response rate of 62.9%, a
median duration of response of 17.5 months, median
PFES of 9.9 months (95% CI 5.6, 12.1) and the 1-year
PFS was 39.1%. The median survival for all patients
was 23.7 months (95% CI 18.4, 32.6).133 Moreover,
oral vinorelbine combined with trastuzumab was
found to be well tolerated and efficacious in a small
observational trial.34

Another novel combination of liposomal dox-
orubicin with trastuzumab has been studied in a
phase II study without the cardiotoxicity previously
seen when trastuzumab was combined with an an-
thracycline.®! After a median follow-up of 13.9
months, the median PFS was 12.0 months with only
10% of patients experiencing an asymptomatic de-
cline in left ventricular function of >215%. Further-
more, no patients had symptomatic decline of left
ventricular ejection fraction (LVEF) >10% from
baseline and a value below the lower limit of nor-
mal.!

1.2 Use of Trastuzumab in Early Stage
Breast Cancer

1.2.1 NSABP B31 and NCCTG 9831

Because trastuzumab was effective in improving
response rate, duration of response and OS in pa-
tients with MBC, large randomised adjuvant trials
were initiated in patients with early stage breast
cancer.['33] The results from these trials were re-
cently published and presented at national meetings.
The National Surgical Adjuvant Breast and Bowel
Project (NSABP)-B31 published a joint analysis
with the North Central Cancer Treatment Group
(NCCTG) B9831.31 These trials were closed pre-
maturely because of the superiority of the tras-
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tuzumab arm. The B31 protocol enrolled 2043 node-
positive, HER2-positive patients with early stage
breast cancer and randomised them to four cycles of
doxorubicin (A) 60 mg/m2 and cyclophosphamide
600 mg/m2 every 21 days followed by paclitaxel
175 mg/m2 taken every 3 weeks for four cycles
(ACP; group 1) or the same chemotherapy with
weekly trastuzumab 4 mg/kg loading dose, then
2 mg/kg weekly for 52 weeks starting with the
paclitaxel (ACPH; group 2). The protocol was later
amended to allow weekly paclitaxel similar to the
NO9831 trial. The N9831 randomised 3505
HER2-positive (immunohistochemistry 3+ intensity
or HER2 overamplified by fluorescence in situ
hybridisation [FISH]), node-positive (the protocol
was amended at a later point to include high-risk
node-negative [>2cm ER-positive or >lcm if ER-
negative]) patients into three groups. The control
group, group A, received four cycles of AC fol-
lowed by weekly paclitaxel 80 mg/m? for 12 weeks;
group B received four cycles of AC followed by 12
weekly doses of paclitaxel followed by sequential
weekly trastuzumab for 52 weeks; and group C
received four cycles of AC, followed by 12 weekly
doses of paclitaxel concomitantly with weekly tras-
tuzumab, which would be continued for 40 more
weeks after completion of paclitaxel. The combined
analysis grouped the control groups (group 1 and
group A from B31 and N9831, respectively) and
compared them with group 2 and group C from B31
and N9831, respectively. Since there was no group
in the B31 trial that evaluated sequential tras-
tuzumab, group B from the N9831 trial was not
included in the combined analysis.

Patients in both studies were excluded if they had
any history of coronary disease, arrhythmias, cardi-
omegaly, chronic heart failure or cardiomyopathy,
or required medications for angina pectoris or valvu-
lar heart disease. Furthermore, to ascertain any com-
promise in LVEF, either multiple-gated acquisition
scanning (MUGA) and/or echocardiography ECHO
were obtained (B31 used MUGA scanning only).
Before receiving trastuzumab, patients had to have
an LVEF > lower limit of normal (LLN) for the
institution and not have a decrease of >16% from
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their previous baseline (prior to starting AC). Fur-
thermore, if any patient developed symptoms of
chronic heart failure at any time of therapy (during
AC or during trastuzumab), therapy was terminated.
Patients were required to have either MUGA or
ECHO prior to and after completing AC, and at 6, 9,
and 18 months of therapy. If the LVEF declined
>16% from baseline or 10-15% from their baseline
to below the LLN, trastuzumab was withheld for 1
month. Upon re-evaluation, if the LVEF remained
below the set limits, trastuzumab was discontinued.

Both trials were terminated early by the indepen-
dent data-monitoring committee based on the signif-
icant benefits trastuzumab had in the adjuvant set-
ting compared with the control arm. The primary
endpoint, disease-free survival (DFS), was reached
and at a median follow up of 2 years there was a
statistically significant reduction in recurrence of
52% (hazard ratio [HR] 0.48; 95% C10.30, 0.59; p <
0.0001) with an absolute distant recurrence in the
trastuzumab-containing arm at 3 and 4 years of 8.8%
and 15.9%, respectively. Furthermore, OS was im-
proved by a third; (HR 0.67; 95% C10.48, 0.93; p =
0.015). The absolute survival difference was 2.5%
(94.3% vs 91.7%) at 3 years and 4.8% (91.4% vs
86.6%) at 4 years. Interestingly, brain metastases
were more commonly seen as a first site of recur-
rence in the trastuzumab-treated group than the con-
trol. Possible theories include delayed failures at
local sites compared with distant sites and the limi-
tation that trastuzumab has in crossing the blood-
brain-barrier.?7-43!

The incidence of symptomatic chronic heart fail-
ure (New York Heart Association [NYHA] class IIT
or IV) or other cardiac-related deaths at 3 years in
the B31 study was 0.8% in the control group com-
pared with 4.1% in the trastuzumab-treated group.
Moreover, 14% of trastuzumab-treated patients had
to discontinue therapy as a result of asymptomatic
decreases in LVEF, whereas 4% stopped as a result
of symptomatic cardiotoxicity.'** In the N9831 trial,
the 3-year cumulative incidence of NYHA class III
or class IV chronic heart failure was 2.9% in the
trastuzumab-treated group compared with 0% in the
control group. Interestingly, interstitial pneumonitis,
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albeit rare, occurred more commonly in the tras-
tuzumab-treated group compared with the control.
Patients with stage I-IIA breast cancer who required
radiation therapy did not have any increased inci-
dence of radiation adverse events when radiation
was given concurrently with trastuzumab. 3!

The combined analysis revealed the significant
benefit in the reduction of recurrence and death.
However, the benefit of trastuzumab in the 191
node-negative patients still needs to be evaluated.
As presented at a national meeting, an unplanned
interim analysis revealed concurrent use of tras-
tuzumab with paclitaxel was more effective than
sequential use in both DFS and OS; however, the
results from the planned analysis are still pending
(table I).[#¢]

1.2.2 HERceptin Adjuvant Trial

Another large, phase III international, multi-cen-
tre trial, the HERA (HERceptin Adjuvant) trial,
conducted by the Breast International Group (BIG)
1-01, sequenced trastuzumab after primary surgery
and after a minimum of four cycles of adjuvant or
neoadjuvant chemotherapy.!'?! Over 5000 HER2-
positive patients with early stage breast cancer were
randomised to receive trastuzumab or observation.
If randomised to receive trastuzumab, patients re-
ceived an initial dose of 8 mg/kg followed by main-
tenance doses of 6 mg/kg every 3 weeks for 1 or 2
years. Eligible patients had to have node-positive
disease or if node negative, a tumour >lcm. Major
exclusion criteria included distant metastases, T4
tumours (including inflammatory breast cancer), cu-

Table I. Results of adjuvant trastuzumab trials

mulative doses of doxorubicin >360 mg/m2 or
epirubicin >720 mg/m?2, prior stem cell transplant,
LVEF <55% based on ECHO or MUGA, history of
chronic heart failure, coronary artery disease or un-
stable arrhythmias. Cardiac monitoring via MUGA
or ECHO was completed at baseline and 3, 6, 12, 18,
24, 30, 36 and 60 months after randomisation. Tras-
tuzumab was withheld if any National Cancer Insti-
tute Common Toxicity Criteria nonhaematological
grade 3 or 4 event occurred until the recovery to at
least grade 2 toxicity; however, if the recovery was
>5 weeks, trastuzumab was definitively withheld.
Furthermore, trastuzumab was stopped in any pa-
tient with LVEF <45% or who developed a 10%
absolute decrease in their baseline LVEF and LVEF
<50%. Trastuzumab was permanently discontinued
if the LVEF did not return to above LLN per proto-
col within 3 weeks.

At a median follow-up of 1 year, an interim
analysis of 3387 patients (1694 with trastuzumab
and 1693 with placebo) revealed 127 new events in
the trastuzumab-treated group compared with 220 in
the control group, with a risk reduction of 46% (HR
0.54;95% C10.43, 0.67; p < 0.0001) and absolute 2-
year DFES of 8.4% (95% CI 2.1, 14.8). The 2-year
OS was not statistically significant, (HR 0.76, 95%
CI10.47, 1.24; p = 0.26). As seen in the joint analy-
sis, brain metastases occurred more frequently in the
trastuzumab-treated group compared with the place-
bo. The incidence of symptomatic heart failure in
the trastuzumab-treated group (1.7%) was lower
than that seen in the concurrent arms of combined
analysis. Unlike the joint analysis, in which 191

Endpoint (% patients) B31 (Joint)['?] N9831[13:46] HERA['2] BCIRGH" FINheri48!
Improvement in 52 (p =3 x 10712) Sequential: 13 (p = 0.2936) Arm 2: 46 Arm 2: A-T-H: 58 (p = 0.01)
disease-free survival Concurrent: 36 (p = 0.0114) Arm 3: u/k 51 (p =4.8x1077)

Arm 3: T-Carbo-H:

39 (p=15x1074)
Improvement in 33 (p=15x%x10"2) Sequential: 15 (p = 0.4752) 36 Endpoint not reached 59 (p = 0.07)

overall survival
Cardiotoxicity 41 2.9

Concurrent: 26 (p = 0.26)

0.5 AC-T: 1.2 No decrease
AC-TH: 2.3 in LVEF or
T-Carbo-H: 1.2 cardiac
function

A = doxorubicin; BCIRG = Breast Cancer International Research Group; C = cyclophosphamide; Carbo = carboplatin; FINher = Finland
herceptin; H = trastuzumab; HERA = HERceptin Adjuvant; LVEF = left ventricular ejection fraction; T = docetaxel; u/k = unknown.
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patients were node negative,['¥ one-third (550 pa-
tients) of the patients in HERA had node-negative
disease and only 26% of the randomised group
received a taxane with an anthracycline compared
with 100% in the joint analysis. However, the same
gains were seen in the node-negative population and
the anthracycline-naive patients as was seen in the
joint analysis.!3]

After the interim analysis, patients in the placebo
arm were able to crossover and receive trastuzumab
therapy. Of the 1698 placebo-treated patients, 861
elected to take trastuzumab. Now, after 2 years since
the first arm was initially presented, benefit in DFS
has been maintained (HR 0.64; 95% CI 0.54,
0.76).11 Furthermore, the OS was also significantly
improved (HR 0.66; 95% CI 0.47, 0.91).

The HERA trial evaluated the use of sequential
trastuzumab in order to circumvent added cardiotox-
icity of combining an anthracycline with tras-
tuzumab as well as to determine the optimal dura-
tion of trastuzumab therapy. Sequential therapy ap-
pears to improve DFS by nearly 50%. Cardio-
toxicity was lower than seen in the joint analysis.
There are multiple reasons for the lower incidence
of cardiotoxicity including: more frequent monitor-
ing, different modalities of monitoring, sequential
therapy, as well as fewer patients exposed to anthra-
cycline therapy. The third arm, in which patients
received 2 years of sequential trastuzumab, will help
determine the optimal treatment duration.

1.2.3 Breast Cancer International Research
Group 006

The BCIRG initiated a phase III, multicentre trial
to evaluate the adjuvant use of trastuzumab concur-
rently with a nonanthracycline after multiple phase
II trials confirmed the feasibility of this ap-
proach.’63% The BCIRG 006 randomised 3222
HER2-positive patients (FISH only) with axillary
lymph node positive or high-risk lymph node nega-
tive (tumour size >2cm, estrogen and progesterone
receptor status negative, histological and/or nuclear
grade 2-3, or <35 years of age) breast cancer to two
arms containing adjuvant AC followed by docetaxel
(100 mg/m?2 every 21 days for four cycles) with or
without trastuzumab (weekly during chemotherapy
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then every 21 days), while the third arm included
docetaxel 75 mg/m?2 and carboplatin (TCarbo; AUC
of 6 every 3 weeks X 6) with trastuzumab for 1
year.¥’l The interim analysis after 23 months of
treatment revealed statistically significant risk re-
duction of first recurrence of 51% (HR 0.49; p=4.8
X 1077) with AC-TH (arm 2) compared with control
and a risk reduction of 39% (HR 0.61; p = 1.5 X
10-4) with TCarboH (arm 3) compared with the
control arm. OS, a secondary endpoint, has not been
evaluated because of limited events. However, the
incidence of cardiac events in arm 1 was 1.2%,
whereas in arm 2 it was 2.3% (p = 0.046). In arm 3,
the incidence of cardiac events was similar to the
control arm at 1.2% (p = 1.00).

The BCIRG 006 results were similar to the com-
bined analysis in highlighting the benefit from adju-
vant trastuzumab.l'3 Further, the BCIRG trial
showed that nonanthracycline therapy concurrently
with trastuzumab was effective.’!! However, the
anthracycline arm was superior in DFS to the nonan-
thracycline arm (77 events in the anthracycline arm
compared with 98 events in the nonanthracycline
arm), although not reaching statistical significance
(p =0.16).

1.2.4 Finland Herceptin Trial

The last adjuvant trastuzumab trial, the FINher
(Finland Herceptin) trial, tested whether an abbrevi-
ated course of trastuzumab was effective.[*8?] The
FINher trial included patients with early stage breast
cancer (axillary node positive or tumour >2cm with
negative axillary nodes and negative progesterone
receptor). The trial included two randomisations: the
first was a randomisation between docetaxel
(100 mg/m?2 every 21 days for three cycles) and
vinorelbine (25 mg/m2 day 1, 8, 15 of 21-day sched-
ule); the second included only HER2-positive pa-
tients (HER2 overamplified [2+ or 3+] detected by
chromogenic in situ hybridisation [CISH]) who
were randomised to weekly trastuzumab for a total
of 9 weeks. A total of 232 HER2-positive patients
were randomised to receive either adjuvant docetax-
el every 3 weeks for three cycles or vinorelbine on
days 1, 8, 15 of 21-day cycle for three cycles with or
without concurrent weekly trastuzumab (4 mg/kg
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loading dose, then 2 mg/kg weekly). All patients
then received fluorouracil 600 mg/m2, epirubicin
60 mg/m?2 and cyclophosphamide 600 mg/m2 (FEC
every 21 days for 18 weeks for six cycles after their
initial therapy). Recurrence-free survival (RFS) was
the primary endpoint, while the secondary endpoints
evaluated LVEF, adverse events and OS. The
docetaxel dose was amended to 80 mg/m2 because
of a high incidence of neutropenic fevers.

After a median follow-up of 3 years, HER2-posi-
tive patients treated with trastuzumab had a signifi-
cantly improved RFS (HR 0.42; 95% CI 0.21, 0.83;
p=0.01) and decreased distant recurrence (HR 0.29;
95% CI 0.13, 0.64; p = 0.002) compared with
HER2-positive patients not receiving trastuzumab.
Moreover, a nonsignificant improvement in OS was
seen in the trastuzumab-treated arm (HR 0.41; 95%
CI0.16, 1.08, p = 0.07). The HR for recurrence in
HER2 overamplified, trastuzumab-treated patients
did not significantly change with the type of chemo-
therapy, number of lymph nodes involved or centre
providing therapy. Furthermore, HER2-positive pa-
tients treated with trastuzumab had a similar surviv-
al free of distant disease at 3 years compared with
HER2-negative patients (HR 1.09; 95% CI 0.52,
2.29; p = 0.82); however, as expected, HER2-posi-
tive patients treated without trastuzumab did worse
than HER2-negative patients. Regarding toxicities,
there was no decline in LVEF in HER2-positive
patients treated with trastuzumab, but surprisingly
they had a greater stabilisation of their LVEF com-
pared to other therapies. The short course of tras-
tuzumab therapy was effective in this small sample
size; moreover, the abbreviated course appears to
have less cardiotoxicity than a more pronged course
evaluated in other adjuvant trials.

1.3 Molecular Predictors of Response

In an attempt to identify patient subgroups that
may not benefit from the use of an anthracycline, the
BCIRG evaluated the topoisomerase Ilo. gene
(TOP2A).331 TOP2A codes for topoisomerase 1la, an
enzyme that is active in the cell cycle. Overexpres-
sion of TOP2A has been related to a more aggressive
form of breast cancer.’*! However, topoisomerase

© 2007 Adis Data Information BV. All rights reserved.

Iloe is inhibited by anthracyclines and the lack of
amplification of TOP2A may negate anthracycline
therapy. There is often coamplification of both the
HER?2 gene and TOP2A gene based on the close
proximity of the two genes (i.e. [17q21.1] for HER?2
and [17 q 21.2] for TOP2A).53>5361 In the BCIRG
006 study, patients with amplification of TOP2A
had a higher likelihood of recurrence in the
TCarboH arm than in the anthracycline arm.3 Con-
versely, if TOP2A was nonamplified, the TCarboH
arm had a nearly similar DFS compared with the
AC-TH arm (45 events in AC-TH vs 54 events in
TCarboH), possibly sparing the use of an anthra-
cycline in that subgroup of patients. Further investi-
gation is needed to confirm these findings.

Another gene found to be co-amplified with
HER?2/neu is the c-MYC gene, and it has been shown
that patients in which both genes are co-amplified
and are treated with trastuzumab have a better prog-
nosis than patients without c-MYC amplification.”!
After examining nearly 1900 tissue blocks from
patients treated with chemotherapy (no tras-
tuzumab) from the NSABP B-28 trial, it was found
through a multivariate analysis that amplification of
three gene products (HER2, c-MYC and phospha-
tidic acid phosphatase type 2 domain containing 1B
[HTPAP]) resulted in a worse prognosis. Kim et
al.’71 then evaluated the response to trastuzumab in
patients with co-amplification of cMYC and HER?2.
Their initial hypothesis was overexpression of c-
MYC and HER2 would be a predictor of lack of
response. However, patients with co-amplification
of c-MYC and HER? treated with trastuzumab were
found to have a reduction in recurrence rate by 76%
(HR = 0.24; 2p < 0.0001) and an improved OS by
64% (HR = 0.36; 2p = 0.012) compared with pa-
tients without c-MYC co-amplification.

1.4 Resistance to Trastuzumab

Patients treated with trastuzumab eventually be-
come refractory to trastuzumab within 1 year.[!438]
Multiple mechanisms of resistance have been hy-
pothesised. First of all, the HER2 receptor may
mutate so that trastuzumab can no longer attach. A
mutation in exon 21 of the HER2 gene has recently
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been discovered in patients with intrinsic and ac-
quired resistance.®! In addition, trastuzumab could
be blocked from attaching to HER2 by mucin-4
(MUC4), a membrane-associated glycoprotein,
which may directly phosphorylate and activate
HER?2.[%0] Cross-talk, a form of communication be-
tween different classes of receptors, occurs between
HER?2 and the insulin-like growth factor I receptor
(IGF-IR) and has been responsible for phosphoryl-
ation of HER2 in trastuzumab-resistant cells.[®! Ear-
ly preclinical trials revealed resistance to tras-
tuzumab and a higher cellular proliferation in cell
lines with overexpression to IGF-IR than cell lines
without overexpression of IGF-IR.[®?! In addition,
other receptors of the HER family, by the creation of
heterodimers (i.e. EGFR : HER2, HER2 : HER3),
are able to activate downstream signals and promote
cellular growth even in the presence of trastuzum-
ab.[%1 PTEN deleted on chromosome 10 (PTEN), a
tumour suppressor gene, has been shown to suppress
tumour growth and also to sensitise breast cancers to
trastuzumab.['®  As previously mentioned, one
mechanism of activity of trastuzumab is through the
activation of PTEN and inhibition of the PI3K-Akt

Table Il. HER2-targeted agents and mechanism of action

pathway; however, if PTEN is mutated or complete-
ly lost, cells have decreased sensitivity to tras-
tuzumab.!'363 Furthermore, PTEN activity has been
investigated as a marker for the efficacy of tras-
tuzumab as elevated levels of PTEN are related to a
better response.[®3 In other preclinical studies, the
reduction of p27(kipl), a cyclin-dependent kinase
inhibitor, led to resistance to trastuzumab, whereas
higher levels enhanced cell death.[4]

2. Novel Agents

Novel modalities exist to circumvent resistance
to trastuzumab by targeting more than one member
of the EGFR family (table II). Lapatinib, previously
known as GSK572016, is an oral, dual HER2 and
EGEFR tyrosine kinase inhibitor that has demonstrat-
ed preclinical and clinical activity in HER2-positive
breast cancer.[5-¢71 As monotherapy in early clinical
studies, lapatinib was clinically active and well tol-
erated in heavily pretreated, HER2-positive patients
with advanced breast cancer.[) A recently pub-
lished, phase III, randomised, open-label, industry-
sponsored  study revealed lapatinib  with
capecitabine effective than monotherapy with

Drug Mechanism of action

Trastuzumab (Herceptin®; Genentech,
San Francisco, CA, USA) receptor!®l

Other mechanisms:

HER2 downregulation(®]

A humanised IgG monoclonal antibody that targets the extracellular domain of the HER2

Inhibition of homodimerisation and heterodimerisation!®l
Inhibition of PI3K and MAPKI16.18]

Sensitize to chemotherapy!'®!

Activation of PTEN phosphatasel?”

Inhibition of angiogenesis?”!

ADCCE1
Lapatinib (Tykerb®; Glaxo-SmithKline;
Research Triangle Park, NC, USA)
Pertuzumab (Omnitarg™; Genentech,

San Francisco, CA, USA) HER3I71-73]

Oral, dual HER1 and HER2 TKI[6567]

A humanised monoclonal antibody directed against heterodimerisation of HER2 and

Blocks the ability of the receptor to dimerise with other receptors of the EGFR familyt7274

Geldanamycin (17-AAG) [various
manufacturers, including the National
Cancer Institute]

BIBW-2992 (Boehringer Ingelheim,
Ingelheim, Germany)

cells!”®!

A heat-shock protein which destabilises HER2 protein and causes rapid depletion of
HER2, thereby disrupting its association with B-catenin in SKBr3 human breast cancer

Oral, irreversible inhibitor of EGFR1 and HER2 receptor tyrosine kinases!”®77]

ADCC = antibody dependent cellular cytotoxicity; EGFR = epithelial growth factor receptor; HER = human epithelial growth factor receptor;
MAPK = mitogen-activated protein kinase; PI3K = phosphoinositide-3 kinase; PTEN = phosphatase and tensin homologue; TKI = tyrosine

kinase inhibitor.
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capecitabine in HER2-positive patients previously
treated with an anthracyline, a taxane and tras-
tuzumab.!®8! The combination of lapatinib (1250mg
orally per day continuously) plus capecitabine
(1000 mg/m?2 twice daily on days 1-14 every 3
weeks) in 163 patients was compared with
capecitabine alone in 161 patients (1250 mg/m?
twice daily on days 1-14 every 3 weeks).[%8! The
combination improved median TTP (8.4 vs 4.4
months; p < 0.001) and response rate compared with
single-agent capecitabine (22% vs 14%; p =
0.09).181 However, no overall survival advantage
has been seen to date with combination therapy.
Interestingly, a nonsignificant decrease in CNS me-
tastases was seen in the combination arm compared
with monotherapy. Lapatinib in combination with
capecitabine is now FDA approved for use in
HER2-positive patients previously treated with an
anthracyline, a taxane and trastuzumab. Regarding
toxicities, patients tolerated the combined therapy
well, although there was a slightly higher incidence
of diarrhoea and skin rash in the lapatinib arm.
However, there were no significant declines in the
LVEF. In a review of >2800 patients exposed to
lapatinib, the incidence of symptomatic declines of
LVEF was 1.3%, and in the majority of patients it
was transient and lapatinib was able to be restart-
ed.®! An interesting finding was the lower inci-
dence of brain metastases as the site of progression
seen, because lapatinib may have better CNS pene-
tration compared with trastuzumab. In support
thereof, a phase II study has shown activity (two
partial responses in 39 patients) with lapatinib
monotherapy in the treatment of HER2-positive
CNS metastases. [

Recently, Iwata et al.”’¥ reported the results of a
phase II study in abstract form showing lapatinib as
monotherapy was active in heavily treated patients.
In addition, monotherapy with lapatinib showed ac-
tivity in inflammatory breast cancer (IBC) in pa-
tients expressing high levels of ErBb2, p-ErbB2 and
IGF-IR."! Moreover, a phase Il trial evaluating
neoadjuvant lapatinib 1500mg on days 1-14 com-
bined with weekly paclitaxel 80 mg/m2 for 12 cy-
cles in IBC has been presented at a national confer-

© 2007 Adis Data Information BV. All rights reserved.

ence.® The preliminary data suggest the combina-
tion was active and well tolerated. Other randomised
studies are currently under way in both the adjuvant
and metastatic settings with lapatinib in combina-
tion with trastuzumab or directly comparing the
two.[B1]

Another novel agent, pertuzumab, is a humanised
monoclonal antibody directed against heterodimer-
isation of HER2 and HER3."!731 Known as a dimer-
isation inhibitor, pertuzumab binds to HER2 at a
different site than trastuzumab and near the dimer-
isation domain, and blocks the ability of the receptor
to dimerise with other receptors of the EGFR fami-
1y.[7274 Preclinical studies of trastuzumab in combi-
nation with pertuzumab revealed increased growth
inhibition of BT474 breast cancer cells with com-
bined therapy compared to either agent by itself.[8?!
In a phase I study,!®! pertuzumab appeared safely
used and well tolerated with asthenia, nausea and
vomiting being the most common adverse effects;
however, there was a rare grade 4 gastrointestinal
haemorrhage in a patient with pre-existing oe-
sophageal varices. Unlike prior experience with
trastuzumab, there were no clinically significant re-
ductions in LVEEF reported, although the incidence
of cardiotoxicity would need to be studied further.
There has been interest in the concurrent use of
pertuzumab and lapatinib.® In addition, per-
tuzumab has been studied in other solid tumours
including pancreatic islet, ovarian and lung.[83-8586]

3. Future Approaches

Future approaches for HER2-positive breast can-
cer patients are evolving. First of all, the combina-
tion of trastuzumab with anthracyclines is still being
investigated. A phase II, multicentre trial of HER2
positive, metastatic breast cancer using pegylated
liposomal doxorubicin with trastuzumab was well
tolerated, effective and without any patient exper-
iencing symptomatic heart failure.® Other studies
have provided interest in the combination of tras-
tuzumab with endocrine therapy®”! or trastuzumab
with bevacizumab.®8 Other novel approaches in-
clude therapy with ADAM (A Disintegrin And
Metalloprotease) metalloproteases.® In vitro find-

Drugs 2007; 67 (9)



1338

Engel & Kaklamani

ings of ADAM metalloproteases have shown
preclinical synergy with trastuzumab by inhibiting
the cleavage of the extracellular domain (ECD) of
HER2, thus turning off the transmembrane portion
of HER2. Lastly, immunotherapy through vaccina-
tion against HER2/neu peptide to inhibit tumour
growth has been recently investigated using a Ii-
Key/Her2/neu MHC class II peptide-based vac-
cine.[®™ A phase I/I trial has also shown the feasibili-
ty, safety and the immunogenic potential of the
combination of trastuzumab with a HER?2 peptide
vaccine in HER2-positive breast cancer.!! Further-
more, a phase I trial also showed the potential in
creating an immune response when the HER2/neu
peptide is incorporated into poly-lactide-co-
glycolide (PLG) microspheres.?!

In addition to novel therapeutic modalities, there
has been a further desire to find biomarkers of
response for HER2-positive disease. Serum ECD
has been tested as a predictor for response to tras-
tuzumab,>%3 whereas the EGF100151 study™®*
found a higher response to lapatinib with higher
concentrations of the serum ECD expression by
FISH. In addition, there has also been interest in
evaluating the truncated form of the HER2 receptor,
P9SHER?2, as a marker for metastasis and worse
outcome.!

In the meantime, the optimal use of trastuzumab
as well as the use of other novel agents, such as
lapatinib and pertuzumab, is being studied in the
next generation of clinical trials. The prevention of
brain metastases with the potential use of an oral
tyrosine kinase inhibitor has led to the design of
studies combining the two agents. Furthermore,
blocking not only a receptor but also its ability to
heterodimerise has also raised the interest of investi-
gators. Until then, a great success in the field of
HER2-positive breast cancer is the ability to use a
targeted therapy to convert an unfavourable subtype
of breast cancer to a more favourable one.

Acknowledgements

No sources of funding were used to assist in the prepara-
tion of this review. Dr Kaklamani has acted as a consultant for
Genentech and received a grant from Glaxo SmithKline. Dr

© 2007 Adis Data Information BV. All rights reserved.

Engel has received an honorarium from Glaxo SmithKline for
participation in an advisory board meeting.

References

1. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2006. CA
Cancer J Clin 2006; 56 (2): 106-30

2. Reese DM, Slamon DJ. HER-2/neu signal transduction in
human breast and ovarian cancer. Stem Cells 1997; 15 (1): 1-8

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

4. 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

5. Seshadri R, Firgaira FA, Horsfall DJ, et al. Clinical significance
of HER-2/neu oncogene amplification in primary breast can-
cer: the South Australian Breast Cancer Study Group. J Clin
Oncol 1993; 11 (10): 1936-42

6. Carlomagno C, Perrone F, Gallo C, et al. C-erb B2 overexpres-
sion decreases the benefit of adjuvant tamoxifen in early-stage
breast cancer without axillary lymph node metastases. J Clin
Oncol 1996; 14 (10): 2702-8

7. Pietras RJ, Arboleda J, Reese DM, et al. HER-2 tyrosine kinase
pathway targets estrogen receptor and promotes hormone-
independent growth in human breast cancer cells. Oncogene
1995; 10 (12): 2435-46

8. 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

9. Tetu B, Brisson J. Prognostic significance of HER-2/neu
oncoprotein expression in node-positive breast cancer: the
influence of the pattern of immunostaining and adjuvant ther-
apy. Cancer 1994; 73 (9): 2359-65

10. Tiwari RK, Borgen PI, Wong GY, et al. HER-2/neu amplifica-
tion and overexpression in primary human breast cancer is
associated with early metastasis. Anticancer Res 1992; 12 (2):
419-25

11. Pegram MD, Lipton A, Hayes DF, et al. Phase II study of
receptor-enhanced chemosensitivity using recombinant hu-
manized anti-pl85HER2/neu monoclonal antibody plus cis-
platin in patients with HER2/neu-overexpressing metastatic
breast cancer refractory to chemotherapy treatment. J Clin
Oncol 1998; 16 (8): 2659-71

12. Piccart-Gebhart MJ, Procter M, Leyland-Jones B, et al. Tras-
tuzumab after adjuvant chemotherapy in HER2-positive breast
cancer. N Engl J Med 2005; 353 (16): 1659-72

13. Romond EH, Perez EA, Bryant J, et al. Trastuzumab plus
adjuvant chemotherapy for operable HER2-positive breast
cancer. N Engl J Med 2005; 353 (16): 1673-84

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

15. Carter P, Presta L, Gorman CM, et al. Humanization of an anti-
p185HER2 antibody for human cancer therapy. Proc Natl
Acad Sci U S A 1992; 89 (10): 4285-9

16. Albanell J, Codony J, Rovira A, et al. Mechanism of action of
anti-HER2 monoclonal antibodies: scientific update on tras-
tuzumab and 2C4. Adv Exp Med Biol 2003; 532: 253-68

17. Nahta R, Esteva FJ. Herceptin: mechanisms of action and resis-
tance. Cancer Lett 2006; 232 (2): 123-38

Drugs 2007; 67 (9)



Treatment of HER2+ Breast Cancer

1339

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Nagata Y, Lan KH, 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

. Henson ES, Hu X, Gibson SB. Herceptin sensitizes ErbB2-

overexpressing cells to apoptosis by reducing antiapoptotic
Mcl-1 expression. Clin Cancer Res 2006; 12 (3 Pt 1): 845-53

Izumi Y, Xu L, di Tomaso E, et al. Tumour biology: herceptin
acts as an anti-angiogenic cocktail. Nature 2002; 416 (6878):
279-80

Cooley S, Burns LJ, Repka T, et al. Natural killer cell cytotoxic-
ity of breast cancer targets is enhanced by two distinct mecha-
nisms of antibody-dependent cellular cytotoxicity against
LFA-3 and HER2/neu. Exp Hematol 1999; 27 (10): 1533-41

Vogel CL, Cobleigh MA, Tripathy D, et al. Efficacy and safety
of trastuzumab as a single agent in first-line treatment of
HER2-overexpressing metastatic breast cancer. J Clin Oncol
2002; 20 (3): 719-26

Pegram MD, Konecny GE, O’Callaghan C, et al. Rational
combinations of trastuzumab with chemotherapeutic drugs
used in the treatment of breast cancer. J Natl Cancer Inst 2004;
96 (10): 739-49

Pegram MD, Lopez A, Konecny G, et al. Trastuzumab and
chemotherapeutics: drug interactions and synergies. Semin
Oncol 2000; 27 (6 Suppl. 11): 21-5

Esteva FJ, Valero V, Booser D, et al. Phase II study of weekly
docetaxel and trastuzumab for patients with HER-2-overex-
pressing metastatic breast cancer. J Clin Oncol 2002; 20 (7):
1800-8

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

Nabholtz JM, Gligorov J. Docetaxel/trastuzumab combination
therapy for the treatment of breast cancer. Expert Opin
Pharmacother 2005; 6 (9): 1555-64

Pusztai L, Esteva FJ. S0347: phase III (closed) [online]. Availa-
ble from URL:  http://www.swog.org/Visitors/View
ProtocolDetails.asp?.ProtocolID=1969 [Accessed 2006 Jun
26]

Schaller G, Bangemann N, Gonsch T, et al. Capecitabine and
trastuzumab: a phase II study in HER2-overexpressing meta-
static breast cancer (MBC) patients pretreated with anthra-
cylines and/or taxanes [abstract no. 2033]. Breast Cancer Res
Treat 2005; 94 Suppl. 1: S94

Perez EA, Suman VJ, Rowland KM, et al. Two concurrent
phase II trials of paclitaxel/carboplatin/trastuzumab (weekly or
every-3-week schedule) as first-line therapy in women with
HER?2-overexpressing metastatic breast cancer: NCCTG study
983252. Clin Breast Cancer 2005; 6 (5): 425-32

Robert N, Leyland-Jones B, Asmar L, et al. Randomized phase
11T study of trastuzumab, paclitaxel, and carboplatin compared
with trastuzumab and paclitaxel in women with HER-2-over-
expressing metastatic breast cancer. J Clin Oncol 2006; 24
(18): 2786-92

Forbes JR, Kennedy J, Pienkowski T, et al. BCIRG 007: ran-
domized phase III trial of trastuzumab plus docetaxel with or
without carboplatin first line in HER2 positive metastatic
breast cancer [abstract no. LBA516]. 42nd Annual Meeting of
the American Society of Clinical Oncology; 2006 Jun 2-6;
Atlanta (GA). Proc Am Soc Clin Oncol 2006; 24 (18S): 7s

© 2007 Adis Data Information BV. All rights reserved.

33.

34.

35.

36.

37.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Chan A, Martin M, Untch M, et al. Vinorelbine plus tras-
tuzumab combination as first-line therapy for HER 2-positive
metastatic breast cancer patients: an international phase II trial.
Br J Cancer 2006; 95 (7): 788-93

Bartsch R, Wenzel C, Altorjai G, et al. Results from an observa-
tional trial with oral vinorelbine and trastuzumab in advanced
breast cancer. Breast Cancer Res Treat 2006; 102 (3): 375-81

Chia S, Clemons M, Martin LA, et al. Pegylated liposomal
doxorubicin and trastuzumab in HER-2 overexpressing meta-
static breast cancer: a multi-center phase II trial. J Clin Oncol
2006; 24 (18): 2773-8

Slamon D, Pegram M. Rationale for trastuzumab (Herceptin) in
adjuvant breast cancer trials. Semin Oncol 2001; 28 (1 Suppl.
3): 13-9

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

. Burstein HJ, Lieberman G, Slamon DJ, et al. Isolated central

nervous system metastases in patients with HER2-overexpres-
sing advanced breast cancer treated with first-line tras-
tuzumab-based therapy. Ann Oncol 2005; 16 (11): 1772-7

Dawson RJ, Raniere NF, Snyder R. Trastuzumab (T) and CNS
metastases in women with HER-2 positive metastatic breast
cancer (MBC) [abstract no. 683]. 41st Annual Meeting of the
American Society of Clinical Oncology; 2005 May 13-17;
Orlando (FL). Proc Am Soc Clin Oncol 2005; 23 (16S): 49s

Mari V, Chamorey E, Italiano A, et al. Clinical significance of
brain metastases occurence in HER2 overexpressing metastat-
ic breast cancer treated with trastuzumab [abstract no. 10593].
42nd Annual Meeting of the American Society of Clinical
Oncology; 2006 Jun 2-6; Atlanta (GA). Proc Am Soc Clin
Oncol 2006; 24 (18S): 575s

Melisko ME, Chew K, Baehner F, et al. Clinical characteristics
and molecular makers predicting the development and out-
come of breast cancer brain metastases [abstract no. 1049].
Breast Cancer Res Treat 2005; 94 Suppl. 1: S55

Paterson C, Mclntyre A, Canney PA. Does HER2 positive
breast cancer have a prelediction to metastasise to the brain?
[abstract no. 4086]. Breast Cancer Res Treat 2005; 94 Suppl. 1:
S195

Tham YL, Sexton K, Kramer R, et al. Breast cancer phenotype
associated with a propensity for central nervous system (CNS)
metastases [abstract no. 3020]. Breast Cancer Res Treat 2005;
94 Suppl. 1: S131

Tan-Chiu E, Yothers G, Romond E, et al. Assessment of cardiac
dysfunction in a randomized trial comparing doxorubicin and
cyclophosphamide followed by paclitaxel, with or without
trastuzumab as adjuvant therapy in node-positive, human epi-
dermal growth factor receptor 2-overexpressing breast cancer:
NSABP B-31. J Clin Oncol 2005; 23 (31): 7811-9

Halard MY, Pisansky TM, Solin LJ, et al. Adjuvant radiothera-
py (RT) and trastuzumab in stage I-Ila breast cancer: toxicity
data from North Cancer Treatment Group phase IIT trial N9831
[abstract no. 523]. 42nd Annual Meeting of the American
Society of Clinical Oncology; 2006 Jun 2-6; Atlanta (GA).
Proc Am Soc Clin Oncol 2006; 24 (18S): 8s

Perez EA, Suman VJ, Davidson NE, et al. Interim cardiac safety
analysis of NCCTG N9831 Intergroup adjuvant tratuzumab
trial [abstract no. 556]. 41st Annual Meeting of the American
Society of Clinical Oncology; 2005 May 13-17; Orlando (FL).
Proc Am Soc Clin Oncol 2006; 23 (16S): 49s

Slamon DJ, Eiermann W, Robert N, et al. Phase III randomized
trial comparing doxorubicin and cyclophosphamide followed

Drugs 2007; 67 (9)



1340

Engel & Kaklamani

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

by docetaxel with doxorubicin and cyclophosphamide fol-
lowed by docetaxel and trastuzumab with docetaxel, carbopla-
tin and trastuzumab in HER2 positive early breast cancer
patients: BCIRG 006 study [abstract no. 1]. Breast Cancer Res
Treat 2005; 94 Suppl. 1: S5

Joensuu H, Kellokumpu-Lehtinen PL, Bono P, et al. Adjuvant
docetaxel or vinorelbine with or without trastuzumab for breast
cancer. N Engl J Med 2006; 354 (8): 809-20

The HERA Study Team. Trastuzumab (Herceptin) following
adjuvant chemotherapy significantly improves disease-free
survival in HER2-positive early breast cancer: the HERA trial
[abstract no. 11]. Breast Cancer Res Treat 2005; 94 Suppl. 1:
S9

Pegram MD, Pienkowski T, Northfelt DW, et al. Results of two
open-label, multicenter phase II studies of docetaxel, platinum
salts, and trastuzumab in HER2-positive advanced breast can-
cer. J Natl Cancer Inst 2004; 96 (10): 759-69

Slamon D, Eiermann W, Robert N, et al. Phase III trial compar-
ing AC-T with AC-TH with TCH in the adjuvant treatment of
HER?2 positive early breast cancer patients: first interim effica-
cy analysis [online]. Available from URL: http://www.bcirg.
org/NR/rdonlyres/egyzmpkdila7fpxaupyr4m5g2e2ibz7yk7bt7
4qgsdllsugkkcab6de7wtuyoz2bcdgnSuzspafwssmbbScdvzmk
vv2e/BCIRG+SABCS+2005+powerpoint+.ppt [Accessed
2006 Jul 19]

Joensuu H, Kellokumpu-Lehtinen P-L, Bono P, et al. Tras-
tuzumab in combination with docetaxel or vinorelbine as adju-
vant treatment of breast cancer: the FinHer Trial [abstract no.
2]. Breast Cancer Res Treat 2005; 94 Suppl. 1: S5

Press MF, Bernstein L, Sauter G, et al. Topoisomerase II-alpha
gene amplification as a predictor of responsiveness to anthra-
cyline-containing chemotherapy in the Cancer International
Research Group 006 clinical trial of trastuzumab (herceptin) in
the adjuvant setting [abstract no. 1045]. Breast Cancer Res
Treat 2005; 94 Suppl. 1: S54

Kalogeraki A, Ieromonachou P, Kafousi M, et al. Topoisomer-
ase II alpha expression in breast ductal invasive carcinomas
and correlation with clinicopathological variables. In Vivo
2005; 19 (5): 837-40

Popescu NC, King CR, Kraus MH. Localization of the human
erbB-2 gene on normal and rearranged chromosomes 17 to
bands q12-21.32. Genomics 1989; 4 (3): 362-6

Tsai-Pflugfelder M, Liu LF, Liu AA, et al. Cloning and se-
quencing of cDNA encoding human DNA topoisomerase II
and localization of the gene to chromosome region 17q21-22.
Proc Natl Acad Sci U S A 1988; 85 (19): 7177-81

Kim C, Bryant J, Horne Z, et al. Trastuzumab sensitivity of
breast cancer with coamplification of HER2 and cMYC sug-
gests proapoptotic function of dysregulated cMYC in vivo
[abstract no. 46]. Breast Cancer Res Treat 2005; 94 Suppl. 1:
S6

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-overexpres-
sing metastatic breast cancer that has progressed after chemo-
therapy for metastatic disease. J Clin Oncol 1999; 17 (9):
2639-48

Prempree T, Wongpaksa C. Mutations of HER2 gene in HER2-
positive metastatic breast cancer [abstract no. 13118]. 42nd
Annual Meeting of the American Society of Clinical Oncolo-
gy; 2006 Jun 2-6; Atlanta (GA). Proc Am Soc Clin Oncol
2006; 24 (18S): 611s

© 2007 Adis Data Information BV. All rights reserved.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Nahta R, Yu D, Hung MC, et al. Mechanisms of disease:
understanding resistance to HER2-targeted therapy in human
breast cancer. Nat Clin Pract Oncol 2006; 3 (5): 269-80

Nahta R, Yuan LX, Zhang B, et al. Insulin-like growth factor-1
receptor/human epidermal growth factor receptor 2 heter-
odimerization contributes to trastuzumab resistance of breast
cancer cells. Cancer Res 2005; 65 (23): 11118-28

LuY, Zi X, Zhao Y, et al. Insulin-like growth factor-I receptor
signaling and resistance to trastuzumab (Herceptin). J Natl
Cancer Inst 2001; 93 (24): 1852-7

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. Br J Cancer 2006; 94 (2):
247-52

Nahta R, Takahashi T, Ueno NT, et al. P27(kip1) down-regula-
tion is associated with trastuzumab resistance in breast cancer
cells. Cancer Res 2004; 64 (11): 3981-6

Burris HA, Hurwitz HI, Dees EC, et al. Phase I safety,
pharmacokinetics, and clinical activity study of lapatinib
(GW572016), a reversible dual inhibitor of epidermal growth
factor receptor tyrosine kinases, in heavily pretreated patients
with metastatic carcinomas. J Clin Oncol 2005; 23 (23): 5305-
13

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

Xia W, Gerard CM, Liu L, et al. Combining lapatinib
(GW572016), a small molecule inhibitor of ErbB1 and ErbB2
tyrosine kinases, with therapeutic anti-ErbB2 antibodies en-
hances apoptosis of ErbB2-overexpressing breast cancer cells.
Oncogene 2005; 24 (41): 6213-21

Geyer GE, Forster JM, Lindquist D, et al. Lapatinib plus
capecitabine for HER2-positive advanced breast cancer.
N Engl J Med 2006; 355 (26): 2733-43

Perez EA, Bryne JA, Hammond IW, et al. Results of an analysis
of cardiac function in 2,812 patients treated with lapatinib
[abstract no. 583]. 42nd Annual Meeting of the American
Society of Clinical Oncology; 2006 Jun 2-6; Atlanta (GA).
Proc Am Soc Clin Oncol 2006; 24 (18S): 23s

Lin NU, Carey LA, Liu MC, et al. Phase II trial of lapatinib for
brain metastases in patients with HER2+ breast cancer [ab-
stract no. 503]. 42nd Annual Meeting of the American Society
of Clinical Oncology; 2006 Jun 2-6; Atlanta (GA). Proc Am
Soc Clin Oncol 2006; 24 (18S): 3s

Bianco AR. Targeting c-erbB2 and other receptors of the c-erbB
family: rationale and clinical applications. J Chemother 2004;
16 Suppl. 4: 52-4

Franklin MC, Carey KD, Vajdos FF, et al. Insights into ErbB
signaling from the structure of the ErbB2-pertuzumab com-
plex. Cancer Cell 2004; 5 (4): 317-28

Willems A, Gauger K, Henrichs C, et al. Antibody therapy for
breast cancer. Anticancer Res 2005; 25 (3A): 1483-9

Fendly BM, Winget M, Hudziak RM, et al. 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

Wang K, Ma Q, Ren Y, et al. Geldanamycin destabilizes HER2
tyrosine kinase and suppresses Wnt/beta-catenin signaling in
HER2 overexpressing human breast cancer cells. Oncol Rep
2007; 17 (1): 89-96

Agus DB, Terlizzi E, Stopfer P, et al. A phase I dose escalation
study of BIBW 2992, an irreversible dual EGFR/HER2 recep-
tor tyrosine kinase inhibitor, in a continuous schedule in pa-

Drugs 2007; 67 (9)



Treatment of HER2+ Breast Cancer

1341

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

tients with advanced solid tumours [abstract no. 2074]. 42nd
Annual Meeting of the American Society of Clinical Oncolo-
gy; 2006 Jun 2-6; Atlanta (GA). Proc Am Soc Clin Oncol
2006; 24 (18S): 97s

Shaw H, Plummer R, Vidal L, et al. A phase I dose escalation
study of BIBW 2992, an irreversible dual EGFR/HER2 recep-
tor tyrosine kinase inhibitor, in a continuous schedule in pa-
tients with advanced solid tumours [abstract no. 3027]. 42nd
Annual Meeting of the American Society of Clinical Oncolo-
gy; 2006 Jun 2-6; Atlanta (GA). Proc Am Soc Clin Oncol
2006; 24 (18S): 127s

Iwata H, Toi M, Fujiwara Y, et al. Phase II clinical study of
lapatinib (GW572016) in patients with advanced or metastatic
breast cancer [abstract no. 1091]. Breast Cancer Res Treat
2006; 100 Suppl. 1: S68

Spector NL, Blackwell K, Hurley J, et al. EGF103009, a phase
II trial of lapatinib monotherapy in patients with relapsed/
refractory inflammatory breast cancer (IBC): Clinical activity
and biologic predictors of resonse [abstract no. 502]. 42nd
Annual Meeting of the American Society of Clinical Oncolo-
gy; 2006 Jun 2-6; Atlanta (GA). Proc Am Soc Clin Oncol
2006; 24 (18S): 3s

Cristofanilli M, Boussen H, Baselga J, et al. A phase I combina-
tion study of lapatinib and paclitaxel as a neoadjuvant therapy
in patients with newly diagnosed inflammatory breast cancer
(IBC) [abstract no. 1]. Breast Cancer Res Treat 2006; 100
Suppl. 1: S5

Storniolo AM, Burris III H, Overmoyer B, et al. A phase I, open-
label study of the safety, tolerability and pharmacokinetics of
lapatinib (GW572016) in combination with trastuzumab [ab-
stract no. 1073]. Breast Cancer Res Treat 2005; 94 Suppl. 1:
S64

Nahta R, Hung MC, Esteva FJ. The HER-2-targeting antibodies
trastuzumab and pertuzumab synergistically inhibit the surviv-
al of breast cancer cells. Cancer Res 2004; 64 (7): 2343-6

Agus DB, Gordon MS, Taylor C, et al. Phase I clinical study of
pertuzumab, a novel HER dimerization inhibitor, in patients
with advanced cancer. J Clin Oncol 2005; 23 (11): 2534-43

Walshe JM, Denduluri N, Berman AW, et al. A phase II trial
with trastuzumab and pertuzumab in patients with HER2-
overexpressed locally advanced and metastatic breast cancer.
Clin Breast Cancer 2006; 6 (6): 535-9

Gordon MS, Matei D, Aghajanian C, et al. Clinical activity of
pertuzumab (thuMADb 2C4), a HER dimerization inhibitor, in
advanced ovarian cancer: potential predictive relationship with
tumor HER2 activation status. J Clin Oncol 2006; 24 (26):
4324-32

Johnson BE, Janne PA. Rationale for a phase II trial of per-
tuzumab, a HER-2 dimerization inhibitor, in patients with non-
small cell lung cancer. Clin Cancer Res 2006; 12 (14 Pt 2):
4436-40s

Marcom PK, Isaacs C, Harris L, et al. The combination of
letrozole and trastuzumab as first or second-line biological

© 2007 Adis Data Information BV. All rights reserved.

88.

89.

90.

91.

92.

93.

94.

95.

therapy produces durable responses in a subset of HER2
positive and ER positive advanced breast cancers. Breast Can-
cer Res Treat 2007; 102 (1): 43-9

Pegram M, Chan D, Dichmann RA, et al. Phase II combined
biological therapy targeting the HER2 proto-oncogene and the
vascular endothelial growth factor using trastuzumab (T) and
bevacizumab (B) as first line treatment of HER 2-amplified
breast cancer [abstract no. 301]. Breast Cancer Res Treat 2006;
100 Suppl. 1: S28

Liu X, Wang Q, Yang G, et al. Selective inhibition of ADAM
metalloproteases blocks Her-2 extracellular domain (ECD)
clevage and potentiates trastuzumab in blocking the growth of
Her-2 overexpressing breast cancer cells [abstract no. 6051].
Breast Cancer Res Treat 2005; 94 Suppl. 1: S265

Mittendorf EA, Khoo S, Storrer CE, et al. Early results of a
phase I clinical trial of an Ii-Key/Her2/neu MHC class II
peptide-based vaccine in breast cancer patients [abstract no.
2532]. 42nd Annual Meeting of the American Society of
Clinical Oncology; 2006 Jun 2-6; Atlanta (GA). Proc Am Soc
Clin Oncol 2006; 24 (18S): 108s

Webster DJ, Waisman J, Macleod B, et al. A phase I/II study of
a HER2/neu (HER2) peptide vaccine plus concurrent tras-
tuzumab [abstract no. 2528]. 42nd Annual Meeting of the
American Society of Clinical Oncology; 2006 Jun 2-6; Atlanta
(GA). Proc Am Soc Clin Oncol 2006; 24 (18S): 107s

Salazar LG, Murray JL, Disis ML, et al. A phase I vaccine trial
of a HER-2/neu peptide incorporated into PLG microspheres
in patients with advanced stage HER2-expressing cancers.
[2572]. 42nd Annual Meeting of the American Society of
Clinical Oncology; 2006 Jun 2-6; Atlanta (GA). Proc Am Soc
Clin Oncol 2006; 24 (18S): 118s

Nicolini A, Carpi A, Tarro G. Biomolecular markers of breast
cancer. Front Biosci 2006; 11: 1818-43

Cameron D, Stein S, Zaks T, et al. Lapatinib plus capecitabine
shows superior efficacy compared to capecitabine alone in
patients with ErbB2 positive advanced or metastatic breast
cancer-initial biomarker data [abstract no. 2]. Breast Cancer
Res Treat 2006; 100 Suppl. 1: S5

Saez R, Molina MA, Ramsey EE, et al. p9SHER-2 predicts
worse outcome in patients with HER-2-positive breast cancer.
Clin Cancer Res 2006; 12 (2): 424-31

Correspondence: Dr Virginia G. Kaklamani, Department of
Medicine, Division of Hematology/Oncology, Feinberg
School of Medicine, Northwestern University, Robert H.
Lurie Comprehensive Cancer Center, 676 North Saint Clair
Street, Suite 850, Chicago, IL 60611, USA.

E-mail: v-kaklamani@northwestern.edu

Drugs 2007; 67 (9)



	Contents 1329
	Abstract 1329
	1. Trastuzumab 1330
	1.1 Trastuzumab in Metastatic Breast Cancer 1330
	1.2 Use of Trastuzumab in Early Stage Breast Cancer 1331
	1.2.1 NSABP B31 and NCCTG 9831 1331
	1.2.2 HERceptin Adjuvant Trial 1333
	1.2.3 Breast Cancer International Research Group 006 1334
	1.2.4 Finland Herceptin Trial 1334

	1.3 Molecular Predictors of Response 1335
	1.4 Resistance to Trastuzumab 1335

	2. Novel Agents 1336
	3. Future Approaches 1337
	Acknowledgements 1338
	References 1338
	Correspondence 1341
	Email 1341

