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Preclinical and Clinical Studies on the Use of Platinum Complexes for
Breast Cancer Treatment
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Abstract: Platinum complexes such as cisplatin and carboplatin are widely used in todays cancer chemotherapy but not in
the present therapy of breast cancer, the most frequent epithelial malignancy among women.

As platinum compounds display high antitumoral efficacy against several breast cancer cell lines in-vitro they may be an
interesting option for future clinical therapy of this disease. On the preclinical stage hormonally active and tissue selective
platinum anticancer drugs have been investigated. Clinical trials on established platinum drugs (mainly cisplatin and car-
boplatin) showed that they can be efficient cytostatics for breast cancer therapy, if patients are carefully selected and suit-
able combination regimens (e.g. including taxanes) are administered. This review covers the latest findings about new
platinum complexes in preclinical studies on the use against breast cancer as well as the outcome of the most relevant
clinical trials.
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INTRODUCTION

Platinum complexes are widely used in today’s antican-
cer therapy based on their ability to covalently bind to the
DNA. Cisplatin (1) and carboplatin (2) (see Fig. 1) are suc-
cessfully administered in the treatment of epithelial malig-
nancies such as lung, head and neck, ovarian, bladder, and
testicular cancer [1]. Oxaliplatin (3) is active against many
cisplatin resistant tumors such as the widespread colorectal
cancer. Other platinum complexes, like e.g. nedaplatin (4)
and lobaplatin (5), are regionally approved in China, Japan
and South Korea [2,3].

Surprisingly, the platinum complexes did not find their
way into the regular therapy of breast cancer, which is the
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most frequent cancer among women. As many platinum
compounds show high activity against the growth of breast
tumor tissue in in-vitro and in-vivo experiments they could
probably be useful therapeutics for this disease and might
have been underestimated in this context during the last dec-
ades. Comprehensive reviews on the use of platinum com-
plexes against breast cancer have been published in the last
years focussing mainly on the outcome of clinical trials [4-
6]. However, many platinum compounds are currently in-
vestigated in preclinical studies for the use against breast
cancer. Many of them combine a DNA binding moiety with
a carrier ligand to target selectively mammary carcinoma

cells. The estrogen receptor affinity of a carrier ligand will
cause a high accumulation of the substances in the tumor
cells followed by antitumoral effects triggered by DNA
binding via the platinum moiety. These properties may lead
to well tolerable platinum based anticancer drugs for future
use in clinical therapy.

Fig. (1). Examples of clinically approved platinum(II) complexes.
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PARAMETERS TO DESCRIBE THE EFFECTS OF
PLATINUM COMPLEXES ON HUMAN BREAST
CANCER CELLS

Various in-vitro methodologies exist to evaluate the drug
targeting concept. Studies on the cytotoxicity and antiprolif-
erative effects of the complexes on cultured breast cancer
cells are the most important parameters within the estab-
lished screening procedures. As the mode of action is based
on covalent modification of the DNA the cellular drug up-
take and the subsequent binding to the DNA have been
studied.

ANTIPROLIFERATIVE / CYTOTOXIC EFFECTS

The most interesting effects of platinum complexes are
the antiproliferative / cytotoxic properties of the compounds.
A widely accepted form to describe antiproliferative / cyto-
toxic drug effects is the IC50-value, which is defined as the
concentration that reduces the growth or the cell biomass by
50%. Using human breast cancer cell lines IC50-values for
the established platinum complexes (cisplatin, carboplatin,
oxaliplatin) have been determined in the nanomolar to low
micromolar range [7-9]. The values depend on the concrete
experimental conditions, like e.g. drug exposure period and
number of cells at the beginning of the experiment. In most
studies the cells are incubated with the drugs for periods
between 24 and 96 hours. Interestingly, for platinum com-
plexes longer exposure periods can lead to more pronounced
antiproliferative properties. As shown for cisplatin and car-
boplatin at MCF-7, MDA-MB 231 and T47D cells incuba-
tion of 200 hours and more led to higher cytotoxic effects
than incubation up to 100 hours [10].

CELLULAR DRUG UPTAKE AND DNA PLATINA-
TION

The amount of a platinum complex taken up into the can-
cer cells is an important parameter determining the efficacy
of the drugs. Reduced cellular uptake or increased efflux are
often associated with drug resistance phenomena.

Cellular uptake studies using atomic absorption spectros-
copy or inductively coupled plasma mass spectroscopy
showed that cisplatin is continuously taken up into MCF-7
breast cancer cells over up to 48 hours of drug incubation,
while the uptake of carboplatin reaches a plateau and the
intracellular oxaliplatin concentration begins slightly to de-
crease after having reached a maximum at approximately 24
hours of exposure [10,11].

The cellular platinum content is best expressed as moles
of platinum per mass of cellular protein (e.g. p mol Pt / µg
protein – value). Based on this value as well as the mean
cellular diameter and mean cellular protein content the intra-
cellular molar concentration can be estimated [10].

The accumulation grade of a drug is the intracellular con-
centration of the drug divided by the concentration in the
extracellular medium. Thus, an accumulation grade of 1
means that intra- and extracellular drug concentrations are
the same. Comparative studies showed that cisplatin and
oxaliplatin reach accumulation grades of up to 6 in human
breast cancer cells, meaning that the intracellular concentra-
tions slightly exceed the extracellular concentrations. For

carboplatin accumulation grades lower than 1 up to 2 were
determined. Therefore, carboplatin is taken up into the cells
to a significantly lower content compared to cisplatin. Ox-
aliplatin not markedly exceeds its extracellular concentra-
tion. Obviously, the cellular uptake of platinum compounds
strongly depends on the nature of the ligands.

The uptake of cisplatin into MCF-7 and T47D human
breast cancer cells depends directly on the extracellular con-
centration and is not saturable, which indicates a passive
diffusion mechanism [11,12].

Studies on chromosomal DNA and nuclei isolated from
breast cancer cells showed that cisplatin and other platinum
complexes migrate into the nuclei and platinate the DNA to
the highest levels within the first 6 hours of drug incubation.
Roughly estimated only less than 10% of the platinum found
inside the cells reaches the nuclei. The amount of platinum
binding to the DNA depends on the concentration used in the
extracellular medium. Furthermore, correlations with the
cytotoxic effects were found [12,13].

HORMONALLY ACTIVE PLATINUM COMPLEXES
AND THE CONCEPT OF DRUG TARGETING

One form of breast cancer therapy is based on the fact
that certain breast cancers are regarded to be hormone de-
pendent due to an overexpression of estrogen receptors.
These can be treated with anti-hormonally active substances,
which antagonize the effects of the estrogen receptors (so
called anti-estrogens, like e.g. tamoxifen). Attempts to use
this concept for the design of new platinum complexes have
also been undertaken. The principial goal of these investiga-
tions is either to design an anti-hormonally active compound
or to use the concept of drug targeting, meaning to deliver
the potentially toxic platinum specifically to hormone de-
pendent tissue. In this context the estrogen receptor is re-
garded as a suitable target as it could be used to translocate
potential cytotoxic moieties into the cell nucleus.

Moreover, the strategy is underlined by the findings that
estrogen treatment sensitizes MCF-7 cells to cisplatin and
carboplatin by triggering the overexpression of HMG-1, a
protein which shields the major cisplatin-DNA adducts from
nucleotide excision repair [14].

One major strategy to develop platinum complexes with
hormonal potency or for drug targeting purposes is to link
platinum atoms via linkers to established estrogenic or anti-
estrogenic substances. Obviously, estradiol and its deriva-
tives or the hormone antagonist tamoxifen are useful candi-
dates for this strategy.

For the evaluation and comparison of new hormonal ac-
tive compounds the determination of the receptor binding
affinity (RBA) value is a useful tool. For the calculation of
this parameter the estrogen receptor binding affinity of estra-
diol (measured by displacement of radioactive labelled estra-
diol from the receptor) is usually set 100%.

Another parameter is the estrogenic potency of a com-
pound which can be evaluated using breast cancer cells
transfected with estrogen receptor response element (ERE)
containing transporter plasmids (e.g. EREwtcluc). Estrogenic
active substances trigger the expression of the enzyme lu-
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ciferase whose activity can be determined in a chemolumi-
nescence reaction. Antiestrogenic properties can be investi-
gated in competition experiments with estradiol [15].

PLATINUM COMPLEXES WITH LIGANDS DER-
IVED FROM ESTRADIOL

In an early report Gandolfi et al. presented a platinum
complex (6) with an estradiol ligand modified in position 3

of the steroid backbone (see Fig. 2) which was comparably
cytotoxic to cisplatin in MCF-7 cells [16]. Altman et al. pre-
pared platinum complexes of estrone and estradiol with an
aminoethoxy group also in the position 3 [17]. One cationic
(7) and one neutral (8) complex were investigated for their
antiproliferative effects at hormone dependent MCF-7 breast
cancer cells. Whereas the neutral complex was inactive
within the selected concentration range, the cationic complex
exhibited antiproliferative effects in a concentration of 5 µM

Fig. (2). Platinum complexes with ligands derived from estradiol and estrone.
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that were comparable to that caused by tamoxifen. However,
the authors report that the compound was also active against
leukemia of the mouse, which makes a contribution of hor-
monal activity to the antiproliferative effects unlikely.

One possible explanation for these results could be seen
in the choice of position 3 in the estradiol ligand for attach-
ing the platinum moiety. The replacement of the hydroxyl
groups at positions 3 and 17β of the steroid backbone of es-
tradiol is generally detrimental to the receptor interaction as
these functions play an important role in the receptor recog-
nition. Spacers linking the platinum to the 17α position, for
example, should be by far better tolerated.

Therefore, complexes with ethynylestradiol ligands modi-
fied in the 17α position have been prepared [18-20]. Fig. 2
shows some of the compounds exemplarily. While the cati-
onic complex (9) achieved an RBA-value of 3.3% the bind-
ing affinity of other complexes such as (10) was comparably
lower. Very recently for other derivatives such as (11) a pro-
liferative effect was shown at low concentration indicating
estrogenic behaviour of the compounds [20].

The position 16α is also suitable for introducing platinum
containing groups to the steroid nucleus, which should not
affect the receptor binding of the core too much. Platinum
complexes of 17β-estradiol (e.g. complex (12)) were pre-
pared and investigated for their cytotoxic effects against sev-
eral human mammary carcinoma cell lines [21-23]. A tissue
selectivity between estrogen receptor positive (MCF-7 and
ZR-75-1) and negative (MDA-MB 231 and HS578T) breast
cancer cells could not be observed for the active compounds.
Similar effects were obtained in estrogen receptor positive or
negative uterine and ovarian cancer cells.

Interestingly, the lenght of the alkyl spacer between the
steroid backbone and the platinum chelating moiety played
an important role. Optimal results were obtained with spac-
ers containing 6 or more carbon atoms. In estrogen receptor
α binding assays the complexes showed a stronger affinity to
the receptor than the natural ligand 17β-estradiol. This effect
could be attributed to the additional hydrogen bonding abil-
ity of the new compounds compared to 17β-estradiol and
was confirmed by molecular modeling studies.

Amino-estradiol platinum(II) conjugates afforded satis-
factorily high RBA-values (up to 14%) and were cytotoxic,
however, again without tissue selectivity [24,25]. For one
dimeric compound (13) an estrogenic effect was postulated
as it was able to promote cell growth at low concentrations
and suppressed the inhibitory effect of tamoxifen.

For platinum(IV) complexes with two estradiol ligands
(14) a prodrug concept was proposed [26]. After transport
into the cells, reduction of Pt(IV) to Pt(II) and ester hydroly-
sis, cisplatin and two equivalents of estradiol should be re-
leased and trigger pharmacological responses. The estrogen
release should thereby cause the overexpression of HMGB1
and thus further sensitize the cells to cisplatin [14]. Im-
munofluorescence microscopy experiments showed that the
complexes were able to induce the overexpression of HMGB1
in MCF-7 cells. However, in cytotoxicity experiments the
IC50-values (in the range of 2-5 µM) were essentially the
same in estrogen receptor positive (MCF-7) and negative
(HCC-1937) breast cancer cells.

PLATINUM COMPLEXES WITH LIGANDS DER-
IVED FROM TRIARYLETHYLENE (TAMOXIFEN
DERIVATIVES)

A series of platinum complexes with triarylethylene
ligands were synthesized and biologically investigated by
Berube et al. (see Fig. 3 (15) for an example) [27-30]. In
general the cytotoxic effects of these compounds were the
more pronounced the longer the spacer between the platinum
and the triarylethylene moiety was. The higher RBA-values
(approximately 0.2 to 1.5%) were found with the derivatives
containing hydroxyl substituents and were in the range of
that of the reference compound tamoxifen. Similar to the
results obtained with the estradiol derived platinum com-
plexes a tissue selectivity for hormone dependent breast can-
cer cells could not be achieved.

Top et al . prepared leaving group derivatives of tamoxi-
fen containing the diaminocyclohexane (DACH) ligand [31].
A 20/80-mixture of the E and Z isomers of the complex (16)
depicted in Fig. 3 exhibited satisfactory receptor binding
(RBA-value = 6.4%) which was, however, lower than that of
the malonate precursor ligand (RBA-value = 20.5%). A de-
rivative without the hydroxyl group in the aromatic ring
achieved significantly lower receptor binding (RBA-value =
0.5%). Both compounds proved to trigger antiproliferative
effects against MCF-7 cells, which were more pronounced
for the hydroxylated compound (IC50-value = 4 µM). Inter-
estingly, both compounds led to antiestrogenic effects in a
concentration of 10 µM as determined in MCF-7 cells stably
transfected with a reporter gene (pVit-tk-Luc-ERE) allowing
the expression of the firefly luciferase under control of an
estrogen response element.

HORMONALLY ACTIVE 2-PHENYLINDOLE-LINKED
PLATINUM(II) COMPLEXES

The group of von Angerer reported about hormonally
active platinum(II) complexes containing phenylindole
ligands reaching RBA-values up to 6.5 [32,33]. These agents
are structurally related to the antiestrogen zindoxifene (com-
pare structures (17) and (18) in Fig. 4). Further studies on
this class of compounds afforded platinum compounds that
were antiproliferative active against hormone dependent
MCF-7 cells but not against hormone independent MDA-
MB 231 cells. In-vivo studies confirmed these data. Growth
inhibitory activity was found in the case of estrogen receptor
positive MXT mouse mammary tumors but not in the case of
the estrogen receptor negative ones. However, endocrine
activities as determined in the mouse uterine weight test
were low.

DEVELOPMENT OF HORMONALLY ACTIVE [1,2-
DIARYLETHYLENEDIAMINE]PLATINUM(II) COM-
PLEXES

In 1984 Wappes et al. reported about [1,2-bis(4-hydroxy-
phenyl)ethylenediamine]dichloroplatinum(II) complexes with
an effect on the hormone dependent mammary carcinoma
cell line MCF-7 [34]. The neutral ligands were structurally
developed from the synthetic estrogen diethylstilbestrol (19)
and hexestrol (20) (compare structures in Fig. 5). The corre-
sponding metal complexes such as (22) exhibited lower re-
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ceptor binding compared to the free ligands e.g. (21). How-
ever, some of them reached IC50 values lower than 10 µM in
cytotoxicity experiments with the hormone receptor negative
breast cancer cell line MDA-MB 231. With an IC50 value
of 0.8 µM the S,S-configured isomer [(S,S)-1,2-bis(4-
hydroxyphenyl)ethylenediamine]dichloroplatinum(II) was
the most efficient compound.

Interestingly, this compound also triggered high cyto-
toxic effects at the hormone dependent MCF-7 cell line in a
concentration of 10 µM, whereas its R,R-isomer was signifi-
cantly less active. Based on the activity in both hormone
dependent and independent cell lines, the low estrogen re-

ceptor binding, an additional DNA interaction experiment
and structural considerations, the interaction with the DNA
became more likely as a mode of drug action for this com-
pound.

Further studies on this class of platinum compounds fo-
cussed on the optimization of the substituents in the phenyl
rings and the leaving groups at the platinum central atom.
Chlorine substituents were introduced into the aromatic rings
to enhance the lipophilicity of the target compounds. This
strategy led to compounds with mammary tumor growth
inhibiting and estrogenic properties [35-37]. Out of a broad
series of investigated complexes the meso configured [1,2-

Fig. (3). Platinum(II) complexes with triphenylethylene ligands.

Fig. (4). Zindoxifene and 2-phenylindole-linked platinum(II) complex.

Fig. (5). Development of [1,2-bis(4-hydroxyphenyl)ethylenediamine]dichloroplatinum(II) complexes.
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bis(2,6-dichloro-4-hydroxyphenyl)ethylenediamine]dichloro-
platinum(II) (23) and its sulfato derivative (24) showed es-
pecially promising biological activity (see Fig. 6) [38-40].

Fig. (6). [1,2-Bis(2,6-dichloro-4-hydroxyphenyl)ethylenediamine]
dichloroplatinum(II) complexes.

Cytotoxicity experiments revealed that both compounds
exhibited IC 50 values in the 4 - 9 µM range at the hormone
dependent MCF-7 breast cancer cells but were not active at
the hormone independent MDA-MB 231 cells. Other struc-
turally related complexes did not show such tissue selectiv-
ity. A comparative in-vivo study on the ER-positive and ER-
negative MXT mammary carcinoma of the mouse further
confirmed the preliminary results obtained in-vitro. In this
assay (23) and (24) caused high antitumor effects in the ER-
positive but not in the ER-negative assay and exhibited a
significant uterotropic effect. Similar results were obtained
in DMBA-induced hormone dependent mammary carcinoma
of the SD rat. Despite a low receptor binding affinity in-vitro
these compounds exhibited estrogenic in-vivo potency
matching the activity of estradiol in the mouse uterine weight
test. It is of special interest to note that the water soluble
complex (24) did not cause kidney damage in contrast to
cisplatin. On the estrogen receptor positive MXT mammary
carcinoma transplanted in ovariectomized mice a biphasic
dose activity curve (meaning at low doses an increase and at
high doses a decrease of tumor weight) was observed with
(23), which was identical with the effect caused by diethyl-
stilbestrol. These results indicate that the described platinum
complexes trigger their effects on estrogen receptor positive
tissues mainly by their estrogenicity in the same manner as
antiestrogens of the diethylstilbestrol type.

Interestingly, (23) was also active when administered per
os. The effect was superior to subcutaneously given cisplatin
at the hormone-sensitive mammary carcinoma of the mouse
[41].

Among a series of diastereomeric aqua[1-(2,6-dichloro-4-
hydroxyphenyl)-2-phenyl]sulfatoplatinum(II) complexes com-
pounds with threo-configurated ligands were more effective
cell growth inhibitors than those with erythroligands [42].
They were more effective against MCF-7 cells than MDA-
MB 231 cells. In-vivo studies using the hormone sensitive
murine MXT breast cancer test model were performed in
order to find out whether the test compounds acted by their
estrogenic potency or by their capability to reduce the en-
dogenous estrogen level. A decrease of tumor and uterine
weight was observed for the most active compounds which

indicated a mode of action based on the reduction of the en-
dogenous estrogen level.

Optimization of the alkyl substituents on the nitrogens
afforded ligands with relatively high RBA values (up to
20.88%) in the competitive (to estradiol) calf uterus estrogen
receptor binding assay but coordination to platinum(II) re-
duced the affinity to the ER drastically (RBA values 0.1 to
0.5%) [43]. Surprisingly, this did not lead to substantial
changes in the estrogenic potency of the substances in the
mouse uterine weight test.

Further improvement of the biological effects of this
class of platinum compounds could be obtained by the de-
velopment of sulfato complexes containing fluorosubsti-
tuents in the phenyl rings [44,45]. Among these compounds,
the racemic diaqua[1,2-bis(4-fluorophenyl)ethylenediamine]
platinum(II)sulfate (25) (see Fig. 7) was equally active to
cisplatin in MCF-7 cells. Platinum measurements revealed
that this complex was rapidly and selectively accumulated
into the tumor cells within a few hours of drug incubation
resulting in a in a high degree of DNA-platination [46]. The
amount of platinum bound to the chromosomal DNA was
quantified and followed the order racemic-(25) ≥ cisplatin
>> meso-(25) and correlated well with the results from the
cytotoxicity experiments [13].

Fig. (7). [1,2-Bis(4-fluorophenyl)ethylendiamine]platinum(II) com-
plexes.

As the [1,2-diarylethylenediamine]platinum(II) complexes
are highly reactive species they are subject to inactivation by
irreversible binding to nucleophiles (e.g. S-containing bionu-
cleophiles like glutathione) [47].

To circumvent this bioavailability problem, complexes
with cyclobutane-1,1-dicarboxylic acid (CBDC) ligands
were prepared based on the knowledge about the high stabil-
ity of the CBDC compound carboplatin [10]. Kinetic studies
using I - as nucleophile and binding studies to human serum
albumin indeed indicated a high stability of this kind of
platinum complexes. The racemic derivative of (26) was
more active towards MCF-7 cells than its meso-configurated
counterpart and was equipotent with cisplatin. Both com-
pounds were superior compared to carboplatin. Cellular up-
take studies showed that racemic (26) was distinctly higher
accumulated in the tumor cells than cisplatin and carboplatin
but less than the racemic sulfato complex (25), which in ac-
cordance with this, caused higher antiproliferative effects.
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[meso-1,2-Bis(2,6-difluoro - 4 - hydroxyphenyl)ethylenedi-
amine]sulfatoplatinum(II), a complex containing two fluo-
rine substituents in each aromatic ring, proved to be equipo-
tent to cisplatin in the MXT mammary tumor of the mouse.
Enzymatic studies indicated a mode of action at the gonadal
level by inhibition of the expression of steroidogenic en-
zymes [48].

The 3-hydroxy derivatives of this promising compound
meso and racemic aqua[1,2-bis(2,6-difluoro-3-hydroxy-
phenyl)ethylenediamine]sulfatoplatinum(II) proved to be
highly active on hormone sensitive breast cancer of the mouse
but lacked significant activity in-vitro on cultured tumor
cells [49]. As shown exemplarily for the meso derivative the
in-vivo effect in the animals is based on a reduction of the
endogenous estrogen level caused by an interference with the
ovarian steroid biosynthesis. According to this a reversal of
the breast cancer inhibiting effect could be achieved by si-
multaneous administration of estrone. Comparative studies
with cisplatin indicated that the minor antiproliferative in-
vitro activity is probably not due to a rapid inactivation of
the compounds by bionucleophiles but rather to an insuffi-
cient accumulation in the cultured tumor cells and a steric
hindrance of its 2,6-standing fluorine atoms during the inter-
action with the DNA [50]. N-ethylated derivatives of these
compounds did not display strong estrogenic properties indi-
cating that variation of the type and position of the ring sub-
stituents is the better choice for optimization of the pharma-
cological properties [51].

The above described findings altogether show that com-
plexes of the [1,2-diarylethylenediamine]platinum(II) type
are useful drugs for the treatment of breast cancer as they can
act hormonally in-vivo despite a low estrogen receptor bind-
ing ability observed in-vitro. The in-vivo effects seem to be
mainly caused by an estrogenic activity causing an
uterotropic effect or by a reduction of the endogenous estro-
gen level. A cisplatin-like DNA interaction seems to be mi-
nor relevant for most of these compounds.

In this context, it is of interest to note that estrogen-like
activity of several non-platinum metals has also been re-
ported in MCF-7 breast cancer cells [52,53]. In a similar
manner to estradiol, divalent metals (e.g. cobalt, copper)
stimulated the cell growth and altered gene expression. Mu-
tational experiments suggested that the metals activated the
ER-negative by the formation of a complex within the hor-
mone binding domain of the receptor. Further ongoing stud-
ies on cadmium revealed that the effects could also be ob-
tained in-vivo [54]. In female Sprague-Dawley rats, cadmium
exposure increased the uterine net weight, promoted growth
and development of the mammary glands and induced hor-
mone regulated genes in ovariectomized animals.

EFFECTS OF PLATINUM COMPLEXES AND OTHER
AGENTS IN COMBINATION ON HUMAN BREAST
CANCER CELLS

An emerging number of clinical studies suggest the use
of platinum complexes, not only as single agents, but also in
combination with other compounds. This interest is further
promoted by the occurrence of drug resistance phenomena
which trigger a high demand not only for new drugs but also
for new therapeutic drug combination regimens. Many of the

clinically observed effects with agents in combination could
be predicted or confirmed by in-vitro assays using human
cell cultures. In this context a synergistic interaction between
the drugs is highly desirable. Synergy is defined as the abil-
ity of a combination of two or more drugs to achieve a thera-
peutic effect greater than that expected by the simple addi-
tion (additive effect) of the effects of the components used as
single drugs.

A promising approach is the combination of platinum
complexes with taxanes. Taxanes are products originally
isolated from taxus brevifolia. Their mode of action is based
on the interference with mitosis making them good candi-
dates for use in combination with drugs that act by a differ-
ent mechanism [55,56].

As observed in T47D cells the combination of cisplatin
and taxol indeed caused a higher inhibition of cell growth
than both substances alone [57]. In MCF-7 cells synergistic
or subadditive effects were reported for the combination of
taxol with cisplatin analogues containing sulfur ligands. The
combination led to an increased arrest of the cells in the
G0G1 phase [58]. The combination of paclitaxel with cis-
platin was found to be by far more active than the single
agents alone in MDA-MB 231 cells [59]. For the combina-
tion of carboplatin with paclitaxel synergistic (MCF-7 cells)
or additive (MDA-MB 231, SK-BR-3 cells) interactions
were reported [60].

The HER-2/neu gene encodes a transmembrane glyco-
protein with intrinsic tyrosine kinase activity (p185HER-2/neu).
In approximately 25-30% of the carcinomas of the breast
amplification and/or overexpression of this protein was ob-
served and is associated with a poor prognosis and poor
clinical outcome [61,62]. Antibodies to the HER-2/neu re-
ceptor have been reported to cause cytostatic effects in cells
overexpressing p185HER-2/neu. Combination of cisplatin with
the antibody trastuzumab (herceptin) yielded a synergistic
decrease of cell growth in-vitro and complete remissions in
experimental animals bearing HER-2/neu-overexpressing
human breast cancer xenografts [63,64]. Studies on human
breast cancer cells indicated that an interference with DNA
repair pathways might be responsible for the observed ef-
fects [65,66].

Carboplatin also showed synergistic interactions with
trastuzumab in four HER2-overexpressing breast cancer cell
lines (SK-BR-3, BT-474, MDA-MB 361, MDA-MB 453)
[67].

The triple combination of trastuzumab with cisplatin or
carboplatin and the nucleoside analogue gemcitabine trig-
gered synergistic effects in HER-2-overexpressing SK-BR-3
and BT-474 cells [68]. However, the combination of cis-
platin or carboplatin with gemcitabine alone also showed
synergism.

The enzyme protein farnesyltransferase catalyzes the first
step in the posttranslational modification of a number of
polypeptides like e.g. ras. In MCF-7 cells the combination of
the farnesyltransferase inhibitor SCH66336 with cisplatin
produced less than additive effects whereas it triggered addi-
tive or synergistic effects in non-small lung cancer and hu-
man glioblastoma cells [69].
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Oxaliplatin exhibited synergistic or additive antiprolif-
erative activity in different types of breast cancer cells as
well as in a hormone independent mammary carcinoma ani-
mal model when added to the thymidylate synthase inhibi-
tors 5-FU or AG337 [70].

Finally, for combinations of platinum complexes (in-
cluding cisplatin) with interferons, additive effects in both
MCF-7 and MDA-MB 231 cells have been reported [71,72].

CLINICAL STUDIES

Despite their high potency in-vitro platinum complexes
are not used in todays regular chemotherapy of breast cancer.
This may be caused by disappointing initial findings in early
studies on the use of cisplatin in pretreated patients. How-
ever, as clearly shown in the following sections under critical
patient selection and in combination with the “right partner”
they can be valuable agents for therapy.

Hormonally active platinum compounds and complexes
using the concept of drug targeting as described in the above
sections have not been investigated in clinical trials up to
now. Based on the promising properties found in the pre-
clinical stage these agents might be considered in future
phase I and II trials.

CURRENT THERAPY OF BREAST CANCER

Besides surgery and radiotherapy, chemotherapy plays an
important role in the todays treatment of breast cancer. There
are two options available for the chemotherapy of mammary
carcinoma: the classical chemotherapy using cytostatics and
the hormonal therapy.

In the classical chemotherapy of breast cancer taxanes
and anthracyclines are the most active agents. Paclitaxel or
vinorelbine are often used as single agents. In the most cases
a combination of two or more cytostatics is administered.
Established therapy regimens include CMF (cyclophos-
phamide, methotrexate, 5-fluorouracil), AC (doxorubicin,
cyclophosphamide), EC (epirubicin, cyclophosphamide) or
FAC (5-fluorouracil, doxorubicin, cyclophosphamide) [73].

The hormonal therapy makes use of the fact that many
breast tumors depend on the presence of estrogen. Thus, anti-
estrogens like e.g. the stilbene analogue tamoxifen can be
useful in the therapy of ER-positive tumors. The use of such
hormonal antagonists marks the first step towards the devel-
opment of tissue selective cytostatics.

Platinum complexes are not established in the current
therapy of mammary tumors yet.

PLATINUM COMPLEXES IN BREAST CANCER
MONOTHERAPY

Platinum complexes were initially evaluated against
breast cancer in monotherapy. The majority of these studies
showed that they have a minor activity if used in pretreated
(resistant) patients but a significantly higher potency if used
in first-line therapy.

SINGLE AGENT CISPLATIN

An impressive overall response of 54% was reported for
cisplatin used as first-line single drug in metastatic breast

cancer. Among the 35 patients, who had not received prior
chemotherapy, 13 showed complete remissions [74]. These
results were further confirmed by another study using 30
mg/m2/d for four days every 3 weeks on 20 previously un-
treated patients [75]. Nine partial responses in 19 evaluable
patients (one patient refused further therapy following a sin-
gle day of cisplatin) but no complete remissions were ob-
served, this corresponding to a 47% response rate. Three
patients developed serum creatinine levels above 2.0 mg/dL,
which made a dose reduction or discontinuation of the treat-
ment necessary.

These promising results are in strong disagreement with
studies, in which cisplatin was given as single agent to pa-
tients, who had received prior chemotherapy. In these studies
the overall response was lower than 11% [4,5]. This effect
may be due to the development of drug resistance during the
initial therapy.

For example, Martino et al . treated 36 women with me-
tastatic breast cancer refractory to conventional therapies
with two dose schedules (15 mg/m2 day 1 to day 5 repeated
at 28-day intervals or 100-120 mg/m2 as single doses in 28-
day intervals) [76]. No response was recorded in the 15
mg/m2 group and 2 (15%) partial responses in the 120 mg/m2

group were observed in the 13 evaluable patients.

According to this fact Yap et al. found no therapeutic
activity in 26 patients refractory to conventional chemother-
apy who had received cisplatin 100 mg/m2 i.v. as single dose
in 3-4 week intervals or as continous intravenous infusion
(20 mg/m 2/day) over a period of 5 days at 4-week intervals
[77].

These data indicate that cisplatin may be an active drug
in metastatic breast cancer but only if used in first-line ther-
apy.

SINGLE AGENT CARBOPLATIN

Carboplatin used in previously treated patients with me-
tastatic breast cancer showed only weak effect with an over-
all response rate of 6% [5,6]. Thus, only one of 30 previ-
ously treated patients responded to carboplatin at a dose of
450 mg/m2 every 5 weeks [78].

Similarily to the results obtained with cisplatin the activ-
ity was by far better if carboplatin was administered in pa-
tients without prior chemotherapy. Kolaric et al. performed a
phase II study on 20 untreated metastatic breast cancer pa-
tients. Carboplatin was given i.v. at a dose of 400 mg/m2 on
day 1 with a 3 weeks rest period. Two complete remissions
and 2 partial responses were observed (20% response rate)
and lasted for 4 months in average. The drug toxicity was
moderate with anemia, leukopenia, thrombocytopenia and
nausea/vomiting as side effects but it produced pronounced
myelotoxicity which limited the number of therapy cycles to
5 [79]. Another study was undertaken using the same dose
(400 mg/m2) administered intravenously every 4 weeks in 34
metastatic breast cancer patients who had not been exposed
to prior chemotherapy. One patient obtained a complete and
11 patients a partial response, resulting in an overall res-
ponse rate of 35% (11 of 34 patients). Toxicity again was mild
(mainly emesis, leukopenia, and thrombocytopenia) [80].
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In another phase II study on advanced breast cancer pa-
tients carboplatin was administered using a pharmacokineti-
cally guided dose schedule in which the dose was calculated
on the basis of the glomerular filtration rate (GFR) using the
Calvert formula with an AUC of 7 mg/mL*min [81]. Ane-
mia (42%), leukopenia (20%), thrombocytopenia (35%) and
nausea/vomiting (39%) were the most common observed
toxicities. The overall response of this treatment was 25%.
One of 13 previously treated patients responded to the ther-
apy as compared with 9 of 27 (33%) patients who had not
received previous chemotherapy. Thus, this study confirms
the above mentioned reports indicating that carboplatin is
moderately active in previously untreated but not in previ-
ously treated patients.

SINGLE AGENT OXALIPLATIN

Mathe et al. reported about activity of oxaliplatin against
breast cancer in phase I studies. Two of 12 patients experi-
enced responses [82,83].

Oxaliplatin was used in a phase II study as single agent in
anthracycline pretreated advanced breast cancer patients at a
dose of 130 mg/m2 on day 1 repeated every three weeks [84].
Three (21%) of 14 patients displayed a partial response. The
treatment was well tolerated, no severe toxicities were en-
countered.

SINGLE AGENT IPROPLATIN

Casper et al. treated 25 women with advanced breast
cancer in a phase II clinical trial with 275 mg/m2 iproplatin
(27) (see Fig. 8) administered intravenously every 4 weeks
[85]. Only 2 patients experienced major therapeutic re-
sponses (8%). Both of them had not undergone extensive
chemotherapy prior to treatment. Myelosuppression, throm-
bocytopenia, leukopenia, nausea, vomiting were among the
toxic side effects.

Iproplatin was investigated in another study on 35 previ-
ously treated patients with advanced breast cancer [86]. The
drug was given intravenously in a dose of 45 mg/m2 for 5
consecutive days and repeated every 28 days. Among the 29

evaluable patients 1 showed a partial response and 2 pre-
sented stable disease. Similar to the trial of Casper et al.
myelosuppression, thrombocytopenia and neutropenia were
the common side effects.

Another study using 240 mg/m2 iproplatin every 4 weeks
showed only weak activity of the drug with 2 (7%) of 32
pretreated patients responding to the treatment [78].

SINGLE AGENT CI-973

A phase II study on CI-973 (28) in 26 patients suffering
from refractory advanced breast cancer was performed [87].
CI-973 had shown elevated antitumor activity against murine
tumors and also cisplatin-resistant tumors in previous inves-
tigations and had been associated with lower side effects in
phase I clinical trials [88-90]. In this study CI-973 was ad-
ministered intravenously over 30 min in a dose of 230 mg/m2

as a single dose on day 1 of a 21-day treatment cycle. Only 2
patients (8%) showed partial remissions. However, the pa-
tients had received one prior chemotherapy which might
have limited the efficacy of CI-973 similar to the results ob-
tained with cisplatin and carboplatin (see above). The he-
matologic toxicity was severe. Nearly all patients experi-
enced granulocytopenia which made a dose reduction for 15
of the 26 patients necessary. Non-hematologic toxic effects
were mild and mainly consisted of nausea, vomiting, fatigue,
minimum paresthesia and hypomagnesemia.

SINGLE AGENT ZD0473

A phase II study on ZD0473 (29) was performed with 33
advanced or metastatic breast cancer patients [91]. Doses of
120 or 150 mg/m2 were given as an i.v. infusion every 3
weeks. The toxicity mainly consisted of thrombocytopenia,
neutropenia, fatigue, nausea and vomiting. Disappointingly
only 1 patient showed a partial response.

SINGLE AGENT SATRAPLATIN

In a phase I study on the orally given platinum complex
satraplatin (30) a tumor shrinkage was seen in 2 of 4 breast
cancer patients [92]. However, the effect did not meet the

Fig. (8). Structures of platinum complexes investigated in monotherapy.
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response criteria. Both responding patients had received
prior chemotherapy and were resistant to doxorubicin. The
study was performed dose escalating with a daily dosage
from 50 to 120 mg/m2 for five consecutive days in 23 pa-
tients with solid tumors. The maximum tolerated dose was
120 mg/m2/day, the dose limiting toxicities were leukopenia,
thrombocytopenia, anemia and diarrhea.

SINGLE AGENT DWA2114R

DWA2114R (31) showed activity against breast cancer
cell growth in-vitro. The effects were comparable to that of
carboplatin [9]. DWA2114R was administered at doses of
800-1000 mg/m 2 every 4 weeks on minimal two cycles and
achieved an overall response rate of 21% [93].

SINGLE AGENT NEDAPLATIN

The cisplatin analogue nedaplatin (32) achieved a re-
sponse rate of 13% at a dose of 100 mg/m2 [94]. The major
toxic effects were hematotoxicity, thrombocytopenia, leuko-
penia, and gastrointestinal toxicity.

SINGLE AGENT SPIROPLATIN

Spiroplatin (33) was investigated in a phase I clinical
trial. One of 9 patients showed a complete response. Except
the responding patient, all had been treated with cisplatin
before and were considered to be resistant to the parent com-
pound. Myelosuppression and renal toxicity were dose-
limiting [95].

PLATINUM COMPLEXES IN BREAST CANCER
COMBINATION THERAPY

In breast cancer chemotherapy, combination regimens
containing two or more drugs are successfully used in the
clinic. In preclinical studies, the coadministration of plati-
num complexes to other cytostatics (e.g. taxanes) led to ad-
ditive or synergistic effects (see above). A broad variety of
combination therapy studies on the use of platinum agents
together with other established anticancer agents against
breast cancer have been reported.

PLATINUM COMPLEXES AND ETOPOSIDE

Etoposide is a topoisomerase II inhibitor with good oral
bioavailability. As a single agent it has only weak activity
against metastatic breast cancer [6]. However, animal studies
on mice and in-vitro studies on spheroid cells showed a syn-
ergistic effect with cisplatin [96,97].

CISPLATIN AND ETOPOSIDE

The efficacy of cisplatin plus etoposide was evaluated in
breast cancer patients who had failed one previous chemo-
therapy regimen for advanced disease or had relapsed within
12 months of adjuvant chemotherapy [98]. Etoposide (130
mg/m2/day) was initially given as a continuous infusion for 3
consecutive days and cisplatin (45 mg/m2/day) as a continu-
ous infusion for the latter 48 hours of the etoposide admini-
stration. Eleven of the 44 patients showed partial responses
(25% response rate). The toxicity of the treatment was severe
(e.g. pancytopenia, gastrointestinal upset and renal insuffi-

ciency) and two treatment-related deaths (one sepsis and one
renal failure) occurred during this study.

Cisplatin at high dose (100 mg/m2) or low dose (60
mg/m2) was combined with etoposide at a dose of 100
mg/m2 as third–line therapy [99]. Independently from the
cisplatin dose 12% of the 78 evaluable patients experienced
partial responses. In the high dose group, one complete re-
sponse was observed. However, in this group the toxicity of
the treatment was also higher with one toxic death occurring.

Cocconi et al. performed a first-line chemotherapy for
metastatic breast carcinoma using 100 mg/m2 cisplatin (day
1) and 100 mg/m2 etoposide (day 1, 3 and 5) every 3 weeks
in comparison to a regular CMF treatment [100]. Among the
140 patients, a similar extent of complete remissions (12% in
the platinum containing regimen and 11% in the CMF regi-
men) was seen in both groups but complete plus partial re-
mission rates were somewhat higher in the group of cisplatin
treated patients (63% in the platinum containing regimen and
48% in the CMF regimen). However, the hematological
toxicity was significantly higher in the cisplatin-etoposide
treated group and frequent gastrointestinal side effects were
observed.

In a study on 22 patients with metastatic breast carci-
noma cisplatin and etoposide were given each at a dose of
100 mg/m2 [101]. Objective responses were seen in 50% of
the patients. One patient had a complete response.

From these studies, it can be concluded that the combi-
nation of cisplatin with etoposide has moderate activity at the
price of elevated toxicity.

CARBOPLATIN AND ETOPOSIDE

The combination of carboplatin with etoposide showed,
in several studies, better results in previously untreated pa-
tients (mean response rate of 29%) than in previously treated
patients (mean response rate 16%) [6].

In a phase II study carboplatin and etoposide were used
in previously treated and previously untreated patients with
metastatic breast cancer [102]. Among 19 patients without
prior chemotherapy 1 complete and 7 partial responses were
observed (overall response rate 42%) but only one partial
response among 26 pretreated patients was observed.

As a first-line treatment for 33 patients, the combination
of carboplatin (300 mg/m2) and etoposide (100 mg/m2) re-
sulted in 6% complete and 21% partial responses [103]. The
major toxicity was myelosuppression.

In a group of 27 pretreated metastatic breast carcinoma
patients who received carboplatin at a dose of 100 mg/m2

plus etoposide 100 mg/m2, 5 (19%) partial responses were
observed [104].

PLATINUM COMPLEXES AND VINORELBINE

Vinorelbine is a semi-synthetic vinca-alkaloid showing
high activity in breast cancer. The medium response rate as a
single agent in first-line setting was 43% [6].

CISPLATIN AND VINORELBINE

Fifty-eight previously treated patients with metastatic
breast carcinoma, in whom previous anthracycline therapy
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had failed, received cisplatin (20 mg/m2/day) followed by
vinorelbine (6 mg, i.v., bolus and then 6 mg/m2/day) on days
1-5 every 21 days. Twenty-four (41%) patients achieved an
objective response (including 2 complete responses). Neu-
tropenia was the dose limiting toxicity [105].

In another phase II study on cisplatin plus vinorelbine for
heavily pretreated women with metastatic breast cancer
doses of 30 mg/m2/day over three days (cisplatin) and 25
mg/m2 (vinorelbine) on days 1 and 8 or 15 were adminis-
tered [106]. The overall response rate was 61% (16 of 23
patients) and 26% of the patients experienced a complete
remission.

Based on these studies, it becomes obvious that the com-
bination of cisplatin with vinorelbine is active and well toler-
ated in heavily pretreated and anthracycline-resistant patients
with metastatic breast cancer.

CARBOPLATIN / OXALIPLATIN AND VINOREL-
BINE

In a dose escalating phase I study the combination of
carboplatin and vinorelbine showed activity in anthracycline
or taxane pretreated metastatic breast cancer patients [107].
The combination was also active in phase II when given as
second-line therapy (overall response rate 46%) [108]. Ox-
aliplatin in combination with vinorelbine was active against
breast cancer in a dose escalating phase I study [109].

PLATINUM COMPLEXES AND ANTHRACYCLINES

Anthracyclines are widely used active drugs against
breast cancer. Interestingly, only few studies have been per-
formed on the combination with platinum complexes. The
overall results of these investigations are disappointing.

CISPLATIN AND ANTHRACYCLINES

Mitoxantrone (7.5-12.0 mg/m2) and cisplatin (100
mg/m2) were given as second-line therapy in 30 patients with
advanced breast cancer [110]. The treatment resulted in lim-
ited activity (2 partial responses in 29 eligible patients) with
considerable toxicity (vomiting, thrombocytopenia, granulo-
cytopenia, leukopenia, anemia).

CARBOPLATIN AND ANTHRACYCLINES

Carboplatin (250 mg/m2) was combined with 4-
epidoxirubicin (90 mg/m2) or mitoxantrone (10 mg/m2)
[111]. Of the 11 patients only 2 showed stable disease. He-
matological toxicity was strong.

IPROPLATIN AND ANTHRACYCLINES

Iproplatin (doses from 150 to 250 mg/m2) was investi-
gated in a phase I clinical trial in combination with doxoru-
bicin (doses 30 to 50 mg/m2) [112]. Nine (35%) of 26 previ-
ously untreated patients responded to the therapy. In the
group with pretreated patients similar results were observed
with 5 (23%) of 22 responding patients. Myelosuppression
was the dose-limiting toxicity. The authors did not recom-
mend further investigation of this combination due to the
observed toxicities (including nausea, diarrhea and malaise).

PLATINUM COMPLEXES AND NUCLEOSIDE
ANALOGUES

Nucleoside analogues are active compounds in the treat-
ment of breast cancer. The fluorinated pyrimidine derivative
5-fluorouracil is commonly used in combination with other
agents.

CISPLATIN AND NUCLEOSIDE ANALOGUES

In a study on 44 women with advanced breast cancer,
who had all received a previous chemotherapy, only 3 (7%)
responded to the combination of cytosin arabinoside (45
mg/m2/day for 3 days) and cisplatin (100 mg/m2 on day 2)
[113]. This regimen caused significant toxicity with two le-
thal toxic reactions. Life-threatening leukopenia and throm-
bocytopenia as well as severe renal toxicity were common
side effects.

In another trial 30 pretreated patients with adenocarci-
noma of the breast received cisplatin (30 mg/m2) plus gem-
citabine (750 or 1000 mg/m2) on days 1 and 8 or on days 1, 8
and 15 of a 21 or 28 days cycle [114]. Three (10%) patients
had a complete and 12 (40%) a partial response. Toxicity
consisted mainly of neutropenia, anemia and thrombocy-
topenia.

The combination of 5-fluorouracil (300 mg/m2) with cis-
platin (50 mg/m2) was found to be active with an overall
response rate of 26% in 77 pretreated patients [115].

CARBOPLATIN AND NUCLEOSIDE ANALOGUES

Carboplatin (60 mg/m2) plus 5-fluorouracil (1000 mg/m2)
as second-line therapy in 19 patients afforded only a 5% re-
sponse rate [116].

OXALIPLATIN AND NUCLEOSIDE ANALOGUES

In a phase II study oxaliplatin (130 mg/m2) and 5-
fluorouracil (1000 mg/m2) were given to taxane- and anthra-
cycline-pretreated patients [117]. In 60 patients accessible
for response the overall response rate was 27%. Similar re-
sults (33% partial responses) were obtained in a study on 12
patients pretreated with both anthracyclines and taxanes
[118].

BBR 3464 AND NUCLEOSIDE ANALOGUES

The trinuclear platinum compound BBR3464 (34) (see
Fig. 9) was investigated in a phase I study in patients with
advanced cancer in combination with 5-fluorouracil [119].
Of 14 patients, 3 had stable disease and 1 a partial response.
The partial response was observed in a 53-year old female
with an invasive carcinoma of the right breast, who had been
heavily pretreated.

PLATINUM COMPLEXES AND TAXANES

Taxanes are agents that stabilize microtubules by inhibi-
tion of the depolymerisation process and thereby block the
proliferation of cancer cells [120,121]. In the last decade the
interest in taxanes for the treatment of breast cancer has been
rapidly growing. Agents like docetaxel proved to be signifi-
cantly active in several clinical trials and anthracycline –
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taxane combinations also have shown high efficacy. The
interest in developing non-anthracycline containing combi-
nation regimens further increased the need in research on
platinum – taxane combinations. There seem to be no cross-
resistances between the two classes of drugs and the drugs
do not induce overlapping toxicities with the exception of
neurotoxicity [122]. Additionally, in-vitro investigations
showed that the effects of both drugs are additive (see
above).

CISPLATIN AND TAXANES

Forty-three women with metastatic breast cancer were
enrolled in a phase II study on cisplatin in combination with
paclitaxel [59]. Twenty-seven patients had not received prior
chemotherapy for the metastatic disease but of those, 16 had
received prior anthracycline-based (FEC), 7 CMF and 4
hormonal adjuvant chemotherapy. All 16 patients pretreated
for the metastatic disease had received anthracylines. The
unpretreated women received paclitaxel weekly for a mini-
mum of 6 weeks in a dose of 85 mg/m2 followed by 40
mg/m2 of cisplatin while the pretreated women received 75
mg/m2 paclitaxel followed by the same dose of cisplatin.
Granulocyte colony-stimulating factor (G-CSF) 5 µg/kg was
administered subcutaneously as support two times each week
for the whole treatment period. Seven complete (26%) and
15 partial responses were observed in the unpretreated group,
corresponding to an overall response rate of 81%. In the pre-
treated group 6 patients (37%) experienced partial responses.
Additionally to these promising results the therapy was quite
well tolerated. Hematological toxicity and peripheral neu-
ropathy were more frequent in the pretreated group and the
non-hematological toxicity was negligible in the majority of
the patients. Only 2 patients of the pretreated group had to
discontinue the therapy because of myelosuppression.

Thirty-nine patients with metastatic breast cancer, who
were primary or secondary resistant to previous anthracy-
cline treatment, received docetaxel in a dose of 75 mg/m2

followed by cisplatin in a dose of 60 mg/m2 every 3 weeks
for a maximum of 6 weeks or until disease progression
[123]. The response rate to this treatment was 31% with 3
complete responses. Neutropenia was the most frequently
observed severe hematologic toxicity occuring in 39% of the
patients and asthenia and nausea the most common non-
hematologic toxicities. Thus, this combination seems to be a
relatively safe and effective therapy in patients with anthra-
cycline-resistant metastatic breast cancer.

Gelmon et al. treated 29 mainly pretreated women with
paclitaxel 90 mg/m2 and cisplatin 60 mg/m2 biweekly and
reported an overall response rate of 85% with 3 patients
(11%) obtaining a complete remission [124]. The 3 patients
who experienced complete remissions had all been previ-
ously treated with anthracycline containing adjuvant regi-
mens. Neutropenia was the dose-limiting toxicity. Fatigue,
nausea, and peripheral neuropathy were mild and tolerable.

However, a similar study with the same doses of both
agents in 16 patients afforded an overall response rate of
only 23% and severe toxicity [125]. Most of the patients in
this study had been pretreated with doxorubicin containing
adjuvant chemotherapy and had three or more sites of dis-
ease. Obviously, the drug combination is not very efficient in
patient populations possessing the described characteristics.

Forty-four patients with no more than one chemothera-
peutic treatment for advanced disease entered a phase II
treatment consisting of 200 mg/m2 paclitaxel administered as
24-hour intravenous infusion followed by cisplatin in a dose
of 75 mg/m2 intravenously and 5 µg/kg G-CSF subcutane-
ously on day 3 [126]. Among the 42 patients accessible for
response 5 (12%) experienced a complete and 17 (41%) a
partial response, with an overall response rate of 53%. How-
ever, a cumulative neurotoxicity was significant and dose-
limiting for this treatment. This could be probably due to the
higher dosage used in this study. Other significant toxicities
included fatigue, nausea and vomiting.

CARBOPLATIN AND TAXANES

Sixty-six women with advanced breast cancer were en-
rolled in a first-line phase II chemotherapy [127]. Thirty-nine
of them had received adjuvant chemotherapy and 22 of those
were treated with an anthracycline or mitoxantrone contain-
ing regimen. Paclitaxel was administered at a dose of 175
mg/m2 by three-hour infusion followed by carboplatin at an
AUC of 6 mg x min/mL every three weeks. Twelve percent
complete and 42% partial responses were reported. The most
frequent toxicity was granulocytopenia (24%).

In a similar study 200 mg/m2 paclitaxel were adminis-
tered as 3-hour infusion with 6 mg/mL per minute car-
boplatin every 3 weeks to 53 women with metastatic disease
[128]. Prior adjuvant chemotherapy, including anthracycline-
based regimens, and prior hormonal therapy were allowed
but no prior therapy with platinum or taxanes. Of the 50
evaluable patients 16% had a complete and 46% a partial

Fig. (9). BBR3464.
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response. The therapy was generally well tolerated, the pre-
dominant toxicity was neutropenia occurring in 82% of the
patients.

Activity and good tolerability was also reported in pa-
tients with anthracycline-resistant advanced breast cancer
[129]. Thirty-seven patients received paclitaxel at 200 mg/m2

by 3-hour infusion and carboplatin at an AUC of 7 mg/mL
per minute every 4 weeks with G-CSF support. Five (14%)
women showed complete and 11 (30%) partial responses.

In a multicenter trial 100 patients (61 of them had re-
ceived prior chemotherapy) with advanced breast cancer
were treated with paclitaxel (100-135 mg/m2) followed by
carboplatin (AUC 2) [130]. The overall response rate among
95 accessable patients was 62% (8% complete and 54% par-
tial responses). Neutropenia and leukopenia were among the
most common toxicities.

OXALIPLATIN AND TAXANES

Oxaliplatin was used in combination with docetaxel in a
dose escalation study as first-line treatment of patients with
advanced breast cancer [131]. Seven (27%) of 26 patients
experienced partial responses. The dose limiting events (at
docetaxel in a dose of 75 mg/m2 and oxaliplatin in a dose of
80 mg/m2) were neutropenia, diarrhea and fatigue. The
treatment was generally well tolerated. Thus, this combina-
tion seemed to be active in breast cancer. However, the ac-
tivity was lower than that of the combinations of cis-
platin/carboplatin with taxanes.

PLATINUM COMPLEXES AND ANTI-P185HER2/NEU

MONOCLONAL ANTIBODY

The HER2/neu gene encodes a 185-kd receptor tyrosine
kinase that is a member of the type I family of growth factor
receptors and is homologous to the epidermal growth factor
(EGF). Overexpression of this gene is found in approxi-
mately 25% of all cancers and is associated with many ad-
verse prognostic factors in breast cancer (see above). In the
sera of approximately 20-25% of patients with locally ad-
vanced or metastatic breast cancer a soluble form of the ex-
tracellular domain (ECD) of p185HER2/neu shed from the tu-
mor cell surface can be detected. Shed HER2/neu ECD posi-
tive patients show decreased response to hormonal therapy
and have a shortened overall survival compared to shed
HER2/neu ECD negative patients. A humanized murine anti-
p185HER2/neu monoclonal antibody has shown growth inhibi-
tory activity against HER2/neu overexpressing cell lines and
xenografts. The combination of this antibody triggered syn-
ergistic effects with cisplatin in HER2/neu overexpressing
breast cancer cell lines and tumor xenografts. Furthermore,
overexpression of HER2/neu has been associated with resis-
tance to cisplatin.

In a phase II study on 37 patients refractory to chemo-
therapy treatment with HER2/neu-overexpressing metastatic
breast cancer the anti-p185HER2/neu monoclonal antibody
(rhuMAb HER2, trastuzumab, herceptin) was used together
with cisplatin [132]. Patients received a 250 mg loading dose
at the first day followed by weekly doses of 100 mg for 9
weeks. Cisplatin at a dose of 75 mg/m2 was administered on
days 1, 29 and 57. Twenty-four percent partial responses and

24% minor responses or stable diseases were achieved with
this regimen. The responding patients showed a significant
decrease in serum HER2/neu ECD in contrast to the non-
responding patients who showed rising serum levels. Addi-
tionally to this promising results no increase in toxicity was
observed.

The combination of platinum complexes with trastuzu-
mab also showed high activity in multiple drug combina-
tions. In HER2-overexpressing advanced breast cancer pa-
tients docetaxel (75 mg/m2), trastuzumab (4 mg/kg starting
dose and then 2 mg/kg for the rest of the treatment) and cis-
platin (75 mg/m2) or carboplatin (AUC 6 mg/mL/min) were
administered [133]. The treatment was well tolerated and the
response rates were high. In the cisplatin group 79% (49 of
62) and in the carboplatin group 58% (34 of 59) overall re-
sponse rates were achieved.

Similar positive results were reported in a phase II study
on the combination of trastuzumab with paclitaxel and car-
boplatin [134]. In this study patients were initially treated
with varying doses of trastuzumab and treated with pacli-
taxel / carboplatin / trastuzumab or paclitaxel / carboplatin
when the disease was stable or progressed. For the paclitaxel
/ carboplatin / trastuzumab group 84% and the paclitaxel /
carboplatin group 69% response rates were reported.

PLATINUM COMPLEXES IN MULTIPLE DRUG
COMBINATIONS

Platinum complexes have been investigated in many
clinical studies in form of multiple drug combination regi-
mens (besides those already mentioned in the above “trastu-
zumab” section). For obvious reasons the influence of the
platinum compounds on the results of these trials is difficult
to evaluate.

SUMMARY

Platinum complexes trigger antiproliferative / cytotoxic
effects in human breast cancer cells. IC50-values are found in
the low micromolar and nanomolar range. Cellular uptake
studies indicate a passive diffusion mechanism for cisplatin
in breast cancer cells. The intracellular platinum concentra-
tions depend on the structures of the ligands, the extracellu-
lar concentration and the drug exposure period. Less than
10% of the platinum taken up into the cells reaches the cell
nuclei.

Synergistic effects in breast cancer cells have been re-
ported for the use of platinum complexes in combination
with other agents. Thus, combinations of cisplatin / car-
boplatin with taxanes or the antibody trastuzumab proved to
be more effective than the single agents.

Many efforts have been undertaken to develop platinum
complexes based on the drug targeting concept using ligands
derived from hormones and anti-hormones. Such agents
could be useful in the therapy of estrogen dependent breast
cancers. Complexes derived from estrogens showed suffi-
cient cytotoxic effects. The RBA-values for compounds with
linkers in the position 3 of the steroid backbone were very
low. Complexes with spacers in more suitable positions
showed higher RBA-values. Platinum(IV) complexes with
estradiol ligands were prepared as prodrugs. Following re-
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duction to the respective platinum (II) species inside the cells
estradiol is released and sensitizes the cells to the action of
the platinum moiety. However, the desired tissue selectivity
in proliferation experiments (hormone dependent versus
hormone independent breast cancer cells) could not be
achieved up to now by estradiol-platinum compounds.

Platinum complexes with triphenylethylene ligands (ta-
moxifen derivatives) also showed good cytotoxic activities
but again without tissue selectivity for hormone dependent
breast cancer cells. For some of the compounds antiestro-
genic effects in MCF-7 cells were reported.

First reports about platinum complexes exhibiting tissue
selective antiproliferative effects were presented by the
groups of van Angerer and Schönenberger more than one
decade ago. 2-Phenylindole linked platinum drugs were ac-
tive in-vitro and in-vivo against hormone dependent but not
against hormone independent tissues. Moreover, compounds
containing 1,2-diarylethylenediamine ligands exhibited most
interesting biological properties. Substances out of this class
showed selective antiproliferative effects against hormone
dependent tissues in-vitro and in-vivo. Interestingly, only low
RBA-values for these platinum complexes were determined.
The in-vivo potency of the compounds could be referred to
estrogenic properties causing an uterotropic effect or by a
reduction of the endogenous estrogen level.

Phase I or phase II studies on these compounds have not
been performed yet. Clinical studies on the use of platinum
compounds against breast cancer focussed mainly on cis-
platin and carboplatin.

If platinum complexes were used as single agents for a
first-line therapy in previously untreated patients high re-
sponse rates (up to 50% using cisplatin) were observed.
These studies are in strong contrast to others describing the
use of platinum complexes in pretreated patients. In this
case, the response rates were dramatically lower (approxi-
mately 10% using cisplatin).

The combination of cisplatin with etoposide showed
moderate activity but elevated toxicity. For the combination
of carboplatin with etoposide the response rates were higher
when used as first-line therapy compared to studies in previ-
ously treated patients. Platinum complexes administered
together with the vinca-alkaloid vinorelbine were active and
well tolerated in anthracycline and taxane pretreated patients.
The overall results for the combination of platinum com-
plexes with anthracyclines were disappointing. The activities
were limited and the toxicities high.

Platinum complexes together with nucleoside analogues
were found to have low to moderate activity.

Regimens containing cisplatin / carboplatin together with
taxanes showed a high efficiency. Using the cisplatin combi-
nations overall response rates higher than 80% could be
achieved. Furthermore, the treatment was well tolerated and
active also in heavily anthracycline pretreated patients. Ox-
aliplatin also exhibited activity if given together with tax-
anes. However, the efficiency of this combination seems to
be lower than that with cisplatin / carboplatin.

Another very promising approach is the use of platinum
complexes together with the antibody trastuzumab in

HER2/neu-overexpressing breast cancer patients. In the first
clinical trials high acitivities and good tolerabilities were
achieved. Further research on these combinations is defi-
nitely necessary.

Based on the above described results the use of platinum
complexes against breast cancer seems to be a reasonable
therapeutic choice under critical patient selection and / or in
combination with other suitable anticancer drugs.

Hormonally active and breast cancer tissue selective
platinum compounds investigated in preclinical studies may
bring new options for clinical treatment in the future. More
intensive research on these compounds is definitely recom-
mended.
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