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Introduction

Breast cancer is the most frequently diagnosed malig-
nancy in women worldwide accounting for 23% of all
cancer cases in women, with 1.15 million worldwide
cases in 2002 alone [1]. Although improvements in
breast cancer detection and treatment contribute to
declining breast cancer-specific mortality rates over
the last decade [2], the efficacy of standard systemic
therapy is suboptimal; women still experience relapses
despite state-of-the-art adjuvant chemotherapy and
hormonal therapy, and distant metastatic disease
most frequently leads to premature death. Combining
traditional chemotherapy with novel, molecularly tar-
geted therapeutics, however, is showing particular
promise.

Human epidermal growth factor receptor-2

The growing understanding the molecular biology of
breast cancer has identified new targets for therapy.
We now appreciate that growth factor receptors can
trigger intracellular signaling cascades that modulate
the cell cycle and apoptosis, and thereby influence the
behavior of breast cancer cells. The transmembrane
receptor, human epidermal growth factor receptor-2
(HER-2) contains a unique extracellular binding
domain, and possesses intrinsic intracellular tyrosine
kinase activity. Although HER-2 does not appear to
have a single-specific ligand [3], it contributes to sig-
naling via formation of homo/heterodimers with mem-
bers of the epidermal growth factor receptor family
(EGFR). Amplification of the HER-2 gene leads to cell
surface over-expression of the protein, enhances
dimerization of HER-2, thereby triggering intracellular
tyrosine kinase activity and signal transduction
pathways. The ultimate result of this HER-2-driven
signaling is the promotion of cell growth, division,
metastasis, and angiogenesis, and the inhibition of
apoptosis.

HER-2 is over-expressed or amplified in 20–30% of
human breast tumors [3,4]. Over-expression has been
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associated with negative clinical prognostic factors
such as high tumor grade, DNA aneuploidy, high cell
proliferation rate, estrogen/progesterone negativity,
and p53 mutation. Aberrations in a variety of other
molecular biomarkers of breast cancer invasiveness
and metastasis have also been observed [5–7]. As a
result, breast cancers with HER-2 over-expression
have been consistently associated with a more
aggressive disease course and poorer overall prog-
nosis when compared to non-HER-2 over-expressing
breast cancer.

Trastuzumab

Trastuzumab (Herceptin®) is a humanized mono-
clonal immunoglobulin G1 (IgG1) antibody that
specifically targets the extracellular domain (ECD) of
HER-2. Its mechanisms of action include activation
of antibody-dependent cellular cytotoxicity, direct dis-
ruption of receptor dimerization and signaling of
downstream effectors, receptor internalization/degra-
dation, and inhibition of proteolytic cleavage of the
HER-2 ECD. The therapeutic effect in model sys-
tems is reduced cellular proliferation, suppression of
angiogenesis, and ultimately cell cycle arrest [8].

Breast cancers with the HER-2 alteration can be
identified by protein over-expression, as assessed
by immunohistochemistry (IHC), and/or gene amplifi-
cation, as assessed by fluorescence in-situ hybridiza-
tion (FISH) or chromogenic in-situ hybridization (CISH).
Patients with such cancers may benefit from
trastuzumab therapy, either as a single agent or in
combination with chemotherapy. In metastatic breast
cancer (MBC), objective responses to first-line single-
agent trastuzumab were seen in 26% [9], but are
substantially lower in patients who had received prior
chemotherapy (~12–15%) [10,11]. Improved efficacy
has been clearly demonstrated by the concurrent
administration of trastuzumab with various chemo-
therapeutic agents [12–14]. In the pivotal MBC trial
examining chemotherapy (anthracycline combined
with cyclophosphamide, or paclitaxel) with or without
trastuzumab, the addition of trastuzumab improved
response rates, time to progression, and overall sur-
vival when compared to chemotherapy alone [12].

Trastuzumab-related side-effects

Trastuzumab is generally well-tolerated, and imme-
diate reactions such as infusion-related hypersensi-
tivity are relatively rare. Trastuzumab-associated
cardiotoxicity, however, is the primary safety concern
for patients and clinicians [15]. Most commonly, this
presents as an asymptomatic decrease in cardiac
ejection fraction and, less frequently, as overt conges-
tive heart failure (CHF). Type II chemotherapy-related

cardiac dysfunction (CRCD), as trastuzumab-
associated cardiotoxicity has been recently named
[16], differs from typical anthracycline-induced car-
diotoxicity (type I CRCD) in a variety of ways. Type II
CRCD does not occur in all individuals exposed to the
trastuzumab, it does not appear to be dose-related,
and when present, is variable in its severity. Type II
CRCD has no identifiable cardiac ultrastructural
abnormalities, unlike those seen in patients exposed
to prior anthracyclines [17]. The greatest distinction in
CRCD is that type II appears to be largely reversible,
whereas type I is not. Standard medical management
of trastuzumab-associated CHF results in significant
symptom improvement, with the vast majority (~80%)
achieving long-term control [18].

The mechanism of type II CRCD involves, at least
in part, the HER-2 pathway. Binding of HER-2 ECD
appears to block essential HER-2 signaling required
for the growth, repair, and survival of cardiomyocytes
[19]. In the absence of any prior anthracycline expo-
sure, the reported CRCD rate for trastuzumab is 3%
(2% New York Heart Association (NYHA) Class III/IV
severity). The rate increases to 5% (4% NYHA Class
III/IV) in anthracycline pre-treated patients, and likely
reflects anthracycline-associated myocardial damage
that reduces available baseline cardiac reserve, to
compensate for the sequential CRCD effect of
trastuzumab [18]. CRCD increases substantially with
concurrent administration of trastuzumab and anthra-
cycline, with a reported CRCD rate of 27% (16%
NYHA Class III/IV) [12].

The role of platinum-based chemotherapy
in breast cancer

The platinum coordination complex cis-diammine-
dichloroplatinum(II) (cisplatin) is the prototype metallo-
chemotherapeutic [20]. One hundred and twentyfive
years following the original synthesis and characteri-
zation of cisplatin, Rosenberg et al. reported that
electrochemical reactions on platinum electrodes pro-
duced cisplatin and its corresponding tetrachloro-
platinum(IV) analog, suppressing bacterial growth [21].
Pre-clinical experiments demonstrated anticancer
effects of cisplatin [22] mediated by interactions with
DNA to form intrastrand adducts and interstrand
cross-links [23]. Platinum coordination complexes can
also bind to other macromolecules such as RNA and
intracellular proteins to further disrupt normal cellu-
lar mechanisms [24]. Clinical trials have since estab-
lished cisplatin in lung, ovarian, esophageal, cervical,
head and neck and germ cell cancers.

Like other traditional chemotherapeutic agents, cis-
platin has untoward side-effects (nephrotoxicity, oto-
toxicity, and neuropathy) and clinical drug resistance
does occur. These problems spurred the development
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of alternative platinum analogs [25]. The first cisplatin
analog to be developed was carboplatin. It differs in
both its molecular structure and also its side-effect
profile: carboplatin produces a lower incidence of
nephrotoxicity and ototoxicity because of its slower
rate of conversion to active platinum aqueous species
[26], but triggers more profound neutropenia and
thrombocytopenia. Unfortunately, carboplatin shows
a marked degree of cross-resistance when compared
to cisplatin. The only platinum analog in current use
that demonstrates incomplete cross-resistance is
trans-L-1,2-diaminocyclohexaneoxalato platinum(II),
more commonly referred to as oxaliplatin [27]. A fourth
marketed platinum drug nedaplatin (cis-diammineg-
lycoloato platinum (II)) has not yet shown clear advan-
tages over cisplatin or carboplatin. Given the important
activity of platinum-based therapeutics, other plati-
num compounds continue to be evaluated.

As single agents for advanced breast cancer, first-
line response rates range from 47% to 54% with cis-
platin [28,29] and 20% to 50% with carboplatin. These
single-agent rates diminish substantially in previously
treated patients with an average response rate of
8.5% and 6%, respectively [30]. In pre-treated MBC,
one study showed single-agent oxaliplatin to have a
response rate of 21% [31]. Higher response rates are
seen when platinum is combined with other anti-
neoplatic agents, particularly taxanes [32]. Despite
demonstrated activity in MBC, the use of platinum-
based chemotherapy in clinical practice has been
hampered by the lack of proven survival effects,
platinum-associated toxicity profiles, and the ready
availability of other active chemotherapeutic agents
in the treatment of the disease [33,34]. Recent studies
suggesting synergistic interactions with trastuzumab
have renewed interest in platinum-based breast
cancer therapy.

Pre-clinical rationale for platinum-based
therapy in HER-2-positive breast cancer

Pre-clinical experiments [35–38] have shown that
trastuzumab potentiates the cytotoxicity of cisplatin.
This effect is mediated by trastuzumab suppressing
HER-2-associated signal transduction and, through
unknown intermediates, inhibiting the repair of 
platinum–DNA complexes. This augmentation of
platinum-induced DNA damage is restricted to cells
expressing HER-2, thereby selectively producing a
synergistic cytotoxic effect only in those cells with the
HER-2 alteration [39,40].

In an comprehensive study with HER-2 over-
expressing cell lines, Pegram and colleagues [41]
demonstrated synergistic cell killing with trastuzumab
in combination with docetaxel, 4-hydroxycyclophos-
phamide, vinorelbine, and carboplatin. The greatest

synergistic interaction was reported for the triplet
combination of trastuzumab, carboplatin, and doce-
taxel. Similarly, the triplet combinations of trastuz-
umab, gemcitabine and cisplatin, and trastuzumab,
gemcitabine and carboplatin also produce synergistic
effects compared to gemcitabine and trastuzumab
alone [42].

Platinum–trastuzumab combinations
in MBC

The clinical experience with platinum–trastuzumab
combination therapy in the HER-2 over-expressing
MBC setting is consistent with the pre-clinical models.
The first study to explore cisplatin with trastuzumab
was an open-label, multicentre study in extensively
pre-treated MBC. Women received a loading dose
of trastuzumab (250 mg intravenously (i.v.)) on day 0,
followed by weekly doses of 100 mg i.v. for 9 weeks,
with concurrent cisplatin (75 mg/m2 i.v.) on days 1, 29,
and 57. Of the 37 patients assessable for response,
nine (24.3%) achieved a progesterone receptor, nine
(24.3%) had a minor response or stable disease, and
disease progression occurred in 19 (51.3%). The
median response duration was 5.3 months (range
1.6–18). Grade III/IV toxicity was observed in 22 of
39 patients (56%). The toxicity profile mirrored that
of cisplatin alone with the most common toxicities
being cytopenias (n � 10), nausea/vomiting (n � 9),
and asthenia (n � 5). The pharmacokinetics of tras-
tuzumab were unaltered by coadministration of cis-
platin [43].

The results of two phase II trials using the triplet
combination of docetaxel, trastuzumab, and platinum
(either cisplatin or carboplatin) were recently published
[44]. The University of California at Los Angeles-
Oncology Research Network (UCLA-ORN) and the
Breast Cancer International Research Group (BCIRG)
each enrolled 62 patients with HER-2-over-expressing
breast cancer into their respective trials. Patients
received a median of six cycles of docetaxel at
75 mg/m2, cisplatin at 75 mg/m2 (BCIRG 101 study) 
or carboplatin at area under the curve (AUC) � 6 mg/
ml-min (UCLA-ORN study) given on day 1 and then
repeated every 21 days. Trastuzumab was given on
day 1, cycle 1 (4 mg/kg) and then continued weekly
at 2 mg/kg until disease progression. Patient char-
acteristics were comparable between trials with the
exception that the UCLA-ORN patients were more
heavily pre-treated, with 15% of the patients receiving
prior adjuvant taxane therapy. In BCIRG 101, patients
may have received prior adjuvant or neoadjuvant
therapy, but no prior chemotherapy for advanced dis-
ease and no prior taxanes were allowed. Both regi-
mens were well tolerated, with manageable toxicities.
More frequent hematologic toxicities were observed
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in the UCLA-ORN (TCarboH) study than in patients in
the BCIRG 101 study (TCisH), while more non-
hematologic toxicities were seen in the BCIRG 101
study. One patient in each study developed reversible
CHF. An overall response rate (ORR) of 79% (49/62
patients) (95% confidence interval (CI) � 66–89%)
was seen in the BCIRG 101 study and 58% (34/59
evaluable patients) in the UCLA-ORN study (95%
CI � 44–70%). Median times to progression were
9.9 months (95% CI � 8.3–13.1 months) and 12.7
months (95% CI � 8.6–15.5 months) for patients in
the BCIRG 101 and UCLA-ORN studies, respectively.
ORR were higher and median time to progression
was longer in the subset of patients whose tumors
harbored the HER-2 gene amplification.

One phase III platinum–trastuzumab combination
trial [45] was reported in abstract form, and updated
in the accompanying oral presentation. In this first-
line study in HER-2-over-expressing (IHC 2� and 3�)
MBC, Robert et al. randomized 194 women to either
paclitaxel with trastuzumab (PT) or paclitaxel with car-
boplatin and trastuzumab (PCarboT). Forty per cent
of patients had received prior adjuvant chemotherapy.
Paclitaxel was administered i.v. 175 mg/m2 and car-
boplatin at an AUC of 6 every 3 weeks. Trastuzumab
was given in the standard weekly fashion. In the 160
evaluable patients, an ORR of 57% was seen with
PCarboT and an ORR of 38% was reported for PT,
and responses increased to 67% and 37%, respec-
tively, in the HER-2 3� subsets (P � 0.01). Time to
progression was also prolonged in the PCarboT group
compared to PT (13 months vs. 7 months, P � 0.002)
and again, longer when only HER-2 3� patients were
included (17 months vs. 9 months, P � 0.004). No
unexpected toxicities were observed. Higher-grade
III/IV hematologic toxicities were reported in the
PCarboT group over that in the PT group, primarily
neutropenia (54% vs. 23%) and thrombocytopenia
(8% vs. 1%). PCarboT also produced more nausea
(5% vs. 1%). No other differences were seen in neuro-
logic toxicities, neutropenic fever, cardiac or pulmonary

toxicity, and no toxic deaths occurred. Median overall
survival had not yet been reached in the PCarboT
group at the time of analysis, compared to 33.5
months in the PT arm.

Although the docetaxel–trastuzumab combination
has pre-clinical synergy [41] and striking clinical activ-
ity [13], the incremental effect of adding carboplatin
to this doublet is unknown. BCIRG 007 was designed
to address this question, and is a multicenter phase
III randomized trial comparing the safety and efficacy
of docetaxel–trastuzumab combination to docetaxel–
carboplatinum trastuzumab in patients with HER-2
amplified MBC (see Table 1). At present, the trial has
completed accrual with 263 patients, 185 patients
have experienced an event, and an event-driven
protocol-specified efficacy and safety analysis is
expected shortly.

Platinum–trastuzumab combination
therapy: neoadjuvant setting

The neoadjuvant setting is increasingly being used 
to evaluate the relative efficacy of novel systemic
therapies, under the assumption that the short-term
efficacy signals from pathologic responses will corre-
late with long-term survival outcomes. In a randomized
neoadjuvant study in 42 women with HER-2-positive
disease, the addition of trastuzumab to four cycles of
paclitaxel followed by four cycles fluorouracil, epiru-
bicin and cyclophosphamide, epirubicin markedly
increased pathologic complete response rates (65%
vs. 26%, P � 0.02). Although clinical CHF was not
seen in the 23 patients who received trastuzumab,
safety outcomes and overall survival effects will
remain uncertain due to the sample size [46].

A single trial of platinum–trastuzumab containing
neoadjuvant chemotherapy is reported in abstract
form [47]. Thirty-four patients with locally advanced
breast cancer that over-expressed HER-2 (2� or 3�
by IHC) were treated pre-operatively with standard
schedule trastuzumab for 12 weeks, in combination

Table 1. Randomized studies employing platinum and trastuzumab.

Trial Sample size Patient population Randomization Status

Robert study 194 MBC PH Closed to accrual; interim
results reported

HER-2-positive PCarboH
(IHC 2�, 3�, or FISH�)

BCIRG 006 3204 Node-positive and high-risk AC � 4 → T � 4 Closed to accrual; interim 
node-negative; results reported

HER-2-positive (FISH) AC � 4 → T � 4 � H � 1 year
TCarboH � 6 � H � 1 year

BCIRG 007 263 MBC; TH Closed to accrual
HER-2-positive (FISH) TCarboH

A: doxorubicin; C: cyclophosphamide; H: trastuzumab; P: paclitaxel; T: docetaxel.
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with docetaxel 70 mg/m2 and cisplatin 70 mg/m2 on
day 1, 22, 43, and 64, and G-CSF support. Patients
then received four cycles of standard doxorubicin with
cyclophosphamide (AC) therapy, surgery, followed
by adjuvant radiotherapy with or without tamoxifen.
Pathologic assessment of the breast revealed no
invasive tumor in 21% (6/28), and axillary nodes were
negative in 54% (15/28). The most common toxicities
were alopecia (94%), nausea/vomiting (79%), asthe-
nia (76%), hyperglycemia (69%), and anemia (61%).
Grade III toxicities included hyperglycemia (33%),
nausea/vomiting (6%), and catheter infection (13%).
A decrease in left ventricular ejection fraction (LVEF)
was noted in 45% (12/27) patients who had com-
pleted neoadjuvant therapy, possibly due to an inter-
action between residual circulating trastuzumab and
doxorubicin. Given the uncertain long-term outcomes
of this population, and the high rates of cardiotoxicity,
this regimen of docetaxel�cisplatin�trastuzumab
followed by doxorubicin with cyclophosphamide 
cannot be recommended.

Platinum–trastuzumab combination
therapy: adjuvant setting

Four large scale, randomized phase III studies are
evaluating the role of trastuzumab in the adjuvant
setting. Preliminary efficacy and safety data has
been reported for three of these trials [48,49]. The
fourth trial, in which a platinum–trastuzumab combi-
nation is studied, has reported substantial cardiac
safety information in an oral presentation [50], while
some efficacy data was recently issued in a press
release [51].

The National Surgical Adjuvant Breast and Bowel
Project-B31 (NSABP-B31) protocol randomized 1736
node-positive, HER-2-positive breast cancer patients
to four cycles of standard AC followed by four cycles
of paclitaxel (every 3 weeks) with or without weekly
trastuzumab (�1 year). The Intergroup Protocol
N9831 was a three-arm study that randomized 1615
patients following four cycles of AC chemotherapy
to weekly paclitaxel (�12 weeks) with or without
weekly trastuzumab (�1 year) and allows for com-
parison of concurrent (with paclitaxel) vs. sequential
trastuzumab therapy. With a combined median 
follow-up of 2.0 years (2.4 years in the NSABP-B31
and 1.5 years in the Intergroup trial) the results of a
non-protocol (but Food and Drug Administration (FDA)
approved) combined analysis showed significant ben-
efits in those patients receiving adjuvant trastuzumab.
The primary endpoint of disease-free survival (DFS)
was improved in the trastuzumab containing arms
(87% vs. 75% 3 years DFS, hazard ratio (HR) 0.48,
P � 3 � 10�12), and remained so in all subsets.
Preliminary data also indicated longer overall survival

in trastuzumab-treated patients as well (HR 0.67,
2P � 0.015). Trastuzumab therapy was, unfortunately,
also associated with a significant increase in car-
diotoxicity, increasing absolute rates of clinical CHF
by 3.5%. Data from the NSABP-B31 study suggests
that ~20% of patients discontinued trastuzumab due
to either symptomatic or asymptomatic cardiotoxic-
ity, with increasing age and post-AC chemotherapy
LVEF being the main predictors for developing CHF.
The trastuzumab-related fall in LVEF was largely
reversible, with ~68% of patients having symptoms
resolve within 6 months.

The Herceptin Adjuvant Trial (HERA) is an interna-
tional clinical trial led by the Breast International
Group (BIG) in which over 5000 HER-2� patients
were randomized into one of three arms following the
completion of adjuvant/ neoadjuvant chemotherapy.
Patients received either the standard (no further treat-
ment) or trastuzumab (administered every 3 weeks).
Those receiving trastuzumab were randomly assigned
to either 1 or 2 years of therapy. Efficacy results of
the standard and 1-year trastuzumab therapy treat-
ment arms were reported. With a median follow-up
of only 1 year, improvement in the primary endpoint
of DFS was seen in those who received trastuzumab
(2 years DFS 85.8% vs. 77.4%, HR 0.54, 95% CI
0.43–0.67, P � 0.0001). The risk of grade III/IV CHF
was reported to be 0% in the observation arm and
0.5% with trastuzumab treatment.

The final adjuvant trastuzumab trial, Breast Cancer
International Research Group 006 (BCIRG 006) is
the only adjuvant study to address a trastuzumab–
platinum question. This protocol randomized 3222
women with HER-2 amplified, node-positive or high-
risk node-negative, operable breast cancer to one of
three arms: (1) four cycles of standard AC chemother-
apy followed by four cycles of docetaxel, (2) four cycles
of standard AC chemotherapy, followed by four cycles
of docetaxel with concurrent weekly trastuzumab then
every three weekly trastuzumab to complete 1 year
of antibody therapy, and (3) the docetaxel–
carboplatin–trastuzumab regimen for six cycles, fol-
lowed by weekly trastuzumab to complete 1 year of
the antibody (Table 1). In a cardiac safety assessment
release for publication by the independent cardiac
evaluation panel, grade III/IV cardiac events were
highest seen at rates of 1.2%, 2.3%, and 1.2% in
the three arms, respectively. Grade III/IV clinical CHF
was reported in a single patient on arm 1, 18 patients
in arm 2, and one patient in arm 3 [50]. A protocol-
specified, event-driven interim efficacy analysis
showed that adding trastuzumab to docetaxel fol-
lowing AC chemotherapy or adding trastuzumab to
docetaxel and carboplatin chemotherapies improved
DFS compared to chemotherapy alone. The reduction
in the risk of disease recurrence, the primary endpoint
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of the study, was 51% (95% CI of 35–63%) in arm 2,
and 39% (95% CI of 21–53%) in the docetaxel–
carboplatin–trastuzumab third arm. The two experi-
mental arms do not significantly differ in efficacy, and
further follow-up will be required to determine the rel-
ative efficacy of the two trastuzumab-based regimens
[51]. An updated cardiac safety assessment, full tox-
icity, and efficacy data will be reported at the 2005
San Antonio Breast Cancer Symposium.

Conclusion

The story of trastuzumab–platinum combination ther-
apy highlights the challenges and the opportunities
presented by new targeted breast cancer therapies.
With a growing understanding of breast cancer biol-
ogy, we now have the opportunity to evaluate targeted
combinations in pre-clinical models, select appro-
priate patients for treatment, and choose the most
promising targeted combinations to test in the ‘clinical
laboratory’. Although not yet complete, this story does
provide one of the few examples of rational drug
development and non-empiric trial design that has
provided new, effective treatment options for women
with breast cancer.
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