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Purpose. We assessed the combination of doxorubicin or liposomal doxorubicin with trastuzumab for

alterations in peak serum drug levels, as these agents are increasingly being paired in the treatment of

aggressive breast cancer. We hypothesized that trastuzumab would exhibit a slower rate of elimination

from the serum when in combination with liposomal doxorubicin based on the known effects of

liposomal doxorubicin on phagocytic cells of the mononuclear phagocyte system (MPS), which are

responsible in part for the uptake and degradation of antibodies.

Methods. Doxorubicin and trastuzumab serum levels were assessed following injection of free

doxorubicin, liposomal doxorubicin, or trastuzumab into female RAG2-M mice bearing subcutaneous

MCF-7HER-2 tumors. The effects of combination drug treatment on tumor growth were compared to

single-agent treatment.

Results. Peak serum trastuzumab levels were not altered as a result of addition of doxorubicin therapy,

nor were doxorubicin levels altered over 24 h as a result of coadministration of trastuzumab. Liposomal

doxorubicin administration did result in serum doxorubicin levels 200- to 1000-fold higher than with

injection of free doxorubicin.

Conclusions. For the specific combination of trastuzumab with doxorubicin, either in free or liposomal

form, coadministered in mice, there was no impact of one drug on the other in terms of peak serum drug

levels or efficacy.

KEY WORDS: cancer drug pharmacology; drug clearance, hepatic; drug targeting, liposomes;
liposomes, pharmacokinetics; oncology; PEGylation; pharmacokinetics/pharmacodynamics.

INTRODUCTION

The current paradigm for optimal treatment of many
types of cancer is that rational combinations of two or more
agents may give higher response rates, longer time to relapse,
and potentially enhanced quality of life. The rationale behind
this is simple: there are many classes of anti-cancer drugs and
combining drugs from different classes will lead to differing
and non-overlapping mechanisms of cell toxicity or cytostasis
and reduced likelihood of cancer cell resistance (1). Ration-
ales for combination chemotherapy include the potential for
sequential or concurrent attack on biochemical or cell-
signaling pathways, manipulation of drug transport or drug
metabolism systems, use of metabolites to preferentially
rescue normal cells from anti-metabolite effects, metabolic
modulation, and approaches involving cell synchronization

and recruitment (2,3). Finally, these combinations may be
utilized without reduction in the maximum tolerated dose
levels employed, and in some cases may even allow for dose
reduction without a resultant loss in efficacy. This effect may
be termed therapeutic synergism and is an increasingly at-
tainable target with the advent of biological drugs including
monoclonal antibodies, gene therapy and vaccines.

When developing combination regimens, it is important
to be aware of how each drug in the regimen may affect the
pharmacokinetic or pharmacodynamic profile of the other
agent(s). Such awareness may lead to the necessity of altered
schedules of administration or even different administration
routes. There are many types of potential drugYdrug inter-
actions: i) P-gp inhibitors leading to increases in systemic
exposure and tissue distribution of drug levels, associated with
increased toxicity (4); ii) induction or inhibition of metabolic
enzymes by one drug leading to altered metabolism of the
second; as well as iii) chemical interaction of two or more
drugs such as antisense oligonucleotides and doxorubicin (5).
A recent paper outlined altered pharmacokinetics and tissue
distribution of carboplatin and gemcitabine following dexa-
methasone treatment (6). Thus, depending on the drugs being
combined, novel interactions may emerge. Of particular
interest to our research group are combination effects associ-
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ated with use of liposomal anticancer drugs, such as doxoru-
bicin and vincristine, in regimens that also include other
therapeutics such as antibodies. More specifically, liposomal
formulations of doxorubicin are being combined with Hercep-
tin (7) and liposomal formulations of vincristine are being
combined with rituximab (8). This interest is due, in part, to
the therapeutic potential of these agents when used in
combination as well as the fact that both therapeutic agents
have the potential to be eliminated by cells of the MPS.

Over the last several years, several biological agents
have entered clinical trials and clinical use for the treatment
of breast cancer or its resultant metastases. These include
trastuzumab (Herceptin) (reviewed in 9), the bispecific
antibody MDX-H210 (anti-FcgammaRI � anti-HER-2/neu)
(10), and bevacizumab (11), a monoclonal antibody targeting
vascular endothelial growth factor. Promising results in
clinical trials have been noted with these and other mono-
clonal antibodies in the treatment of breast cancer, non-
Hodgkin lymphoma and chronic lymphocytic leukemia
(12,13) and metastatic colorectal cancer (14). Further, it has
been recognized that the true value of monoclonal antibodies
as therapeutics will be realized when these agents are paired
with other therapeutics, such as anthracyclines, cyclophos-
phamide (15,16) or endocrine therapy (17). Thus it is an-
ticipated that antibodies will continue to play an increasingly
important role in the treatment of cancer, but it is assumed
that these antibodies will serve as a complementary compo-
nent in an existing combination of cytotoxic drugs.

Trastuzumab is a humanized monoclonal antibody tar-
geted to the extracellular domain of the HER-2/neu protein,
and has been shown in clinical trials to produce objective
tumor responses in 15Y21% of the 25Y30% of human breast
cancer patients whose tumors overexpress HER-2/neu, and
who had relapsed following chemotherapy for metastatic
breast cancer (18). In breast and ovarian carcinoma, over-
expression of this receptor tyrosine kinase is associated with
younger patient age, earlier disease recurrence, lymph node
involvement and increased level of metastases, resistance to
endocrine therapy and poor survival (19Y25). High levels of
HER-2/neu have also been detected in a range of further
malignancies, including prostate, lung, uterine serous papil-
lary, gastriomas and thyroid carcinomas (26Y31). It has been
postulated that trastuzumab works by antagonizing the
function of the growth signaling properties of the HER-2/
neu system. However it has also been suggested that it may
signal immune cells to attack and kill tumor cells, and in
addition, may enhance the cytotoxicity of other chemother-
apeutic agents (32).

Early studies with trastuzumab paired the antibody with
doxorubicin, however in a 1998 trial involving 469 women
(33), cardiac dysfunction was observed in 27% of women
receiving doxorubicin, cyclophosphamide (AC) and trastuzu-
mab, versus only 8% in women receiving AC only. This
unforeseen increase in cardiotoxicity led to further trials with
trastuzumab being paired with cytotoxic agents other than
anthracylines, such as paclitaxel (34), gemcitabine (35), and
docetaxel (36). Trastuzumab has been granted approval in
the United States and several European countries, and it is
being paired with chemotherapeutics in standard treatment
protocols. A potential concern with this therapy is that it may
either cause cardiac dysfunction on its own, or amplify the

cardiac toxicity observed with the use of anthracyclines (37)
as mentioned above, necessitating further exploration of the
potential for enhanced cardiac toxicity. Recognizing however,
the benefits of increased time to progression with the pairing of
trastuzumab and doxorubicin, recently initiated trials are
exploring the combination of trastuzumab with pegylated
liposomal formulations of doxorubicin (38) (ECOG-3198
and NCI-G00-1878). Ideally, these new combinations will be
without the additional toxicity currently noted with the
trastuzumab/doxorubicin combination.

Liposomal encapsulation of doxorubicin affords several
benefits over the free form of the drug. Of foremost impor-
tance, liposomal formulations buffer the acute cardiotoxicity
of doxorubicin (39,40), while also extending plasma circula-
tion time and enhancing drug accumulation in malignant
tissues (41). There are two approved liposomal formulations
of doxorubicin; Myocet, composed of egg phosphatidylcho-
line and cholesterol, and Doxil\ (Caelyx), which incorpo-
rates PEG-modified phosphatidylethanolamine as well as
hydrogenated soya phosphatidylcholine and cholesterol (re-
viewed in 42). This paper will focus on pegylated liposomal
doxorubicin, as this formulation has been most widely studied
in the treatment of breast cancer, both as a single agent, and
in combination regimens, and shows great promise in the
treatment of platinum and taxane resistant tumors (43).

When considering the use of combinations of liposomal
doxorubicin with an antibody, a potential unique interaction
may arise due to elimination mechanisms involving cells of
the MPS. It is known for example, that doxorubicin
encapsulation in liposomes can result in increased doxorubi-
cin delivery to phagocytic cells which in turn, are killed by
the encapsulated drug (44). This has been found to be true
for both conventional liposome formulations and those which
incorporate either the ganglioside GM1 or PEG in order to
achieve extended circulation lifetimes (45,46), which have
decreased, yet still significant recognition by the MPS (47).
The metabolism of trastuzumab is not fully understood at
present, however it is hypothesized that IgG clearance through
cells of the MPS may be involved (48). Given this, it is possible
that liposomal doxorubicin administration may decrease
elimination of an antibody or alter its route of elimination.
If this proved to be true, it would be important to determine
how such an interaction altered the therapeutic and toxico-
logical effects of the drugs when used in combination.

The data reported in this paper presents a carefully
constructed series of murine studies assessing the therapeutic
effects of doxorubicin both in free and liposomal form,
trastuzumab, and combinations of the two drugs. Doxorubi-
cin and trastuzumab have previously been found to exhibit
additive effects when used in combination both in vitro (49)
and in vivo (50). The data presented provides an approach to
identifying optimal concentrations of two active agents to be
used in a combination regimen. Importantly, this paper also
addresses the question of whether the addition of liposomal
doxorubicin to trastuzumab treatment affected the peak
serum levels of trastuzumab administered intraperitoneally,
and similarly, whether trastuzumab affected the serum levels
of intravenous liposomal doxorubicin over 24 hours. The
results suggest that the drugs can be combined without an
impact on maximum serum concentrations of either drug or
the absorption phase of trastuzumab.
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MATERIALS AND METHODS

Cell Lines and Culture

MCF-7HER-2 and MCF-7NEO cells were a kind gift from
Dr. M. Alaoui-Jamali (McGill University, Montreal,
Quebec) (51). All cells were grown in Dulbecco’s modified
Eagle’s medium (DMEM) (Stem Cell Technologies,
Vancouver, BC, Canada), supplemented with 2 mM L-glu-
tamine (Stem Cell Technologies), 10% FBS (Hyclone,
Logan, UT) and 100 2g/ml Geneticin. Cells were maintained
at 37-C and 5% CO2 in a humidified atmosphere.

Reagents and Chemicals

Trastuzumab (Hoffman-La Roche, Mississauga, ON,
Canada), doxorubicin hydrochloride [Faulding (Canada)
Inc., Vaudreuil, QC] and liposomal doxorubicin (Caelyx,
Sequus Pharmaceuticals, CA, USA) were provided by the
BC Cancer Agency Pharmacy and diluted in 5% dextrose
USP injection (Baxter Corp., Toronto, ON) prior to use.

In Vivo Models

Female RAG2-M mice were purchased from Taconic
(Germantown, NY, USA) and used for experiments at
between 6 and 8 weeks of age. Average weight was 22 g.
All animal protocols were approved by the University of
British Columbia Animal Care Committee, and studies
performed in accordance with guidelines established by the
Canadian Council on Animal Care and with the BPrinciples
of Laboratory Animal Care^ (NIH, 1985).

Drug Serum Levels

A group of 76 female RAG2-M (three mice for each
time point), were given bolus intravenous tail vein injections
of doxorubicin at 5 mg/kg or liposomal doxorubicin at 2.5 mg/
kg and intraperitoneal (i.p.) injections of trastuzumab at 0.3
mg/kg. Lower doses of liposomal doxorubicin were given due
to enhanced efficacy of doxorubicin in this formulation.
Trastuzumab was administered i.p. to copy the route of
administration in efficacy studies, and studies have demon-
strated rapid accumulation in the circulating blood pool
following this route of administration (52). Blood samples
collected by cardiac puncture following CO2 asphyxiation of
mice, were allowed to clot at room temperature (RT) and
centrifuged to separate the serum. Serum was immediately
frozen for further evaluation by ELISA (trastuzumab) and
HPLC (doxorubicin).

Doxorubicin Analysis by HPLC

Doxorubicin was assayed as in Embree et al. (53). Brief-
ly, prior to HPLC analysis 0.1 ml serum samples were
extracted using 0.3 ml acetonitrile before evaporation to
dryness using a nitrogen stream at 37-C. Samples were
reconstituted into mobile phase. The HPLC system consisted
of a Waters Alliance 2695 separation module and fluores-
cence detector, Waters 474 (Waters Corp., Milford, MA,
USA). Doxorubicin was quantified on a Waters Symmetry

C18 column (3.5 2m, 4.6 � 75 mm) with a C18 guard column.
Mobile phase was 78% of 16 mM ammonium formate at pH
3.5, 15% acetone and 7% isopropanol at a flow rate of 1.0 ml/
min; column temperature 40-C, sample temperature 5-C. The
Doxorubicin excitation wavelength was 480 nm; emission
wavelength was 580 nm.

ELISA

ELISA plate wells (Nunc Maxisorb, Roskilde, Denmark)
were coated with 50 ng/well of rabbit monoclonal antibodies to
the Fc fragment of human IgG (ICN Biomedicals Inc., Aurora,
Ohio). After 24 h of incubation at 4-C, plates were washed
thoroughly with 0.05% Tween 20 (Sigma, Saint Louis, MO,
USA) in phosphate buffered saline (PBS) (washing buffer)
and free-binding sites were saturated with 1% bovine serum
albumin (Sigma) in PBS. Analytes were diluted 1:300 in PBS
which contained 1% bovine serum albumin (Sigma) and
0.05% Tween 20 (assay buffer). Subsequently the diluted
samples were added into the wells which were incubated at
room temperature for 2 h. Each plate contained a series of
standards (trastuzumab diluted from 2.5 to 30 ng/ml), normal
human IgG (ICN Biomedicals, Aurora, OH) as positive
control, serum samples spiked with trastuzumab at 3, 7, 12,
and 22 ng/ml as quality controls, and negative controls. The
plates were washed six times prior to rabbit anti-human IgG
(whole molecule)-HRP conjugates (Sigma) prepared at
1:40,000 dilution being added 100 2l/well for 1 h at room
temperature. Plates were washed, then developed with
tetramethylbenzidine (TMB) substrate (Pierce-MJS Biolynx,
Brockville, ON) for 15Y30 min at RT. The reaction was
stopped by addition of 2 M H2S04 and absorbance measured
at 450 nm in an MRX microplate reader (Dynex Technolo-
gies, Chantilly, VA, USA). The concentrations of trastuzu-
mab were calculated by liner regression analysis of optical
density values, the standard curve serving as a reference.
The lower limit of detection of these assays was 2.5 ng/ml
(r2 > 0.998).

Efficacy Studies

MCF-7HER-2 cells were harvested in exponential growth
phase, washed and resuspended at a concentration of 2 � 107

cells per 100 2l DMEM media. As the in vivo growth of this
cell line is estrogen dependent, on the day prior to cell
inoculation, mice had 60 day release 1.5 mg "-estradiol
pellets (Innovative Research of America, FL, USA) im-
planted below the skin through a small incision on the upper
back. Incisions were closed with surgical staples. On study
day zero, 1 � 107 cells were injected subcutaneously on the
back of female RAG2-M mice. Tumor growth and body
weight were monitored three times per week with calipers.
Tumor size in cubic millimeters was calculated using the
formula 1/2 [length (mm)] � [width (mm)]2. Of note, the
MCF-7 cell line does not form solid tumors in mice without
estrogen supplementation (54).

Treatment was initiated when average tumor size was
50Y100 mm3. Trastuzumab in sterile water was administered
intraperitoneally every Tuesday and Friday for a total of five
weeks at doses ranging from 0.03 to 10 mg/kg. Free or
liposomal doxorubicin was administered intravenously (via
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the lateral tail vein) once weekly over five weeks at doses
ranging from 1.5 to 4.5 and 2.5 to 12.5 mg/kg, respectively.
Control animals were injected on an identical schedule with
sterile water. The injection volume was 200 2l per 20 g mouse.

Statistical Analysis

Means were compared using one-way ANOVA followed
by the post-hoc comparisons of means test described by
Scheffé using STATISTICA software (Tulsa, OK, USA).
Differences were considered significant at the probability
level equal to or less than 0.05 (p e 0.05).

RESULTS

Inhibition of MCF-7HER-2 Xenograft Tumor Growth
with Trastuzumab

While traditionally, treatment with chemotherapeutics
has been at or near the maximal tolerated dose of the drug, it
is not always necessary to use such high doses to achieve
maximal therapeutic effects. In fact, a primary rationale
behind the development of synergistic or additive drug
combinations is the achievement of optimal therapeutic
effects with substantially lower drug dose. To determine the
optimal dose for trastuzumab, a dose titration was performed
in female RAG2-M mice bearing established subcutaneous
MCF-7HER-2 tumors. Treatment was initiated on day 17.
Maximum weight loss was 8% of initial body weight, noted
in mice receiving 10 mg/kg trastuzumab dose (data not
shown). Mice in other groups experienced either no weight
loss or to a lesser degree. Other signs of drug-related toxicity
were not noted. As shown in Fig. 1, mice receiving the 0.03 or
0.1 mg/kg dose did not exhibit any delay or reduction in
tumor growth. Mice treated at 0.3, 1.0 or 10 mg/kg exhibited
delays in tumor growth where doses of 10 mg/kg resulted in
regression of established tumors.

Inhibition of MCF-7HER-2 Xenograft Tumor Growth
with Free and Liposomal Doxorubicin

Similar to the studies described in Fig. 1, it was important
to establish dose response curves for doxorubicin and Caelyx
(the liposomal formulation of doxorubicin) used in these
studies. Female RAG2-M mice with established MCF-7HER-2

tumors were treated once weekly for 5 weeks. The dose
response curve for free doxorubicin is provided in Fig. 2A. At
the maximum tolerated dose of free doxorubicin, 5.0 mg/kg
which caused a maximum of 15% body weight loss, tumor
progression was delayed. Control animals exhibited 400 mg
tumors on day 37 after tumor cell inoculation. Animals
treated with doxorubicin at 5.0 mg/kg exhibited 400 mg/kg
tumors on day 45. The therapeutic effects of Caelyx were
significantly better than free doxorubicin (Fig. 2B). Caelyx
was tolerated at doses three times that which could be given
for free drug, indicating reduced toxicity of liposomal
doxorubicin. At this dose and at doses as low as 2.5 mg/
kg, almost complete inhibition of tumor growth was ob-
served (Fig. 2B; day 49 tumor size õ6 mm3 on day 49
postinoculation).

Given the results shown in Figs. 1 and 2, the combina-
tion studies summarized in Fig. 3 are not unexpected. Since
the therapeutic activity of Herceptin alone is exceptional,

Fig. 1. MCF-7HER-2 xenograft tumor growth in female RAG2-M

mice following intraperitoneal treatment with saline (&) or

trastuzumab at 0.03 (4), 0.3 (Í), 1.0 (0) or 10.0 (r) mg/kg.

Treatment was twice weekly over a period of 5 weeks. Data points

represent the mean T standard error of the mean from groups of 4Y5

mice.

Fig. 2. MCF-7HER-2 xenograft tumor growth in female RAG2-M

mice following intravenous treatment with saline (�; &), (A) free

doxorubicin at 1.5 (4), 3.0 (Ì), or 5.0 (>) mg/kg, or (B) liposomal

doxorubicin at 2.5 (4) or 5.0 mg/kg (Í) once weekly over a period of

5 weeks. Data points represent the mean T standard error of the mean

from groups of 4Y5 mice.
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even when administered at 0.3 mg/kg, when it was combined
with free doxorubicin administered at its maximum thera-
peutic dose (5 mg/kg), no tumor growth was observed over
the 50 day time course. Similarly, when 0.3 mg/kg Herceptin
was combined with Caelyx given at 2.5 mg/kg, the established
100 mg tumors regressed to an immeasurable size. These
studies were not designed to assess the therapeutic interac-
tions between Herceptin and free or liposomal doxorubicin;
studies that would require additional dose titration studies
with the combinations. Studies assessing interactive effects for
example will require a broad dose titration of the combined
drugs using fixed dose combinations shown in Fig. 3 and
stepwise reductions to dose levels which provide a range of
therapeutic responses between controls and no growth.

However, the results obtained at the combined doses provide
a rationale for selected doses used to assess whether
Herceptin combined with doxorubicin or Caelyx influences
the serum drug levels of the other drug when used in the
combination.

Serum Drug Levels

These studies were conducted to assess any impact of
free or liposomal doxorubicin on the serum levels of
trastuzumab or conversely, any impact of trastuzumab
administration on the levels of free or liposomal doxorubicin.
Figure 4 shows the serum trastuzumab levels following a
single bolus intraperitoneal injection of trastuzumab (0.3 mg/
kg) administered within one hour of intravenous injection
with either free or liposomal doxorubicin (5.0 and 2.5 mg/kg,
respectively). The results demonstrate an increase in serum
trastuzumab levels over eight hours post administration, with
slow elimination between 10 and 24 h, the longest timepoint
assessed. At 24 h, the serum trastuzumab concentration was
4.45 T 0.69 ng/ml when in combination with free doxorubicin,
and 4.48 T 0.54 ng/ml when in combination with liposomal
doxorubicin. The lower limit of quantitation of trastuzumab

Fig. 3. MCF-7HER-2 xenograft tumor growth in female RAG2-M

mice following intraperitoneal treatment with saline (&), intravenous

combination of trastuzumab and free doxorubicin [0.3 and 5.0 mg/kg

(4)], or trastuzumab and liposomal doxorubicin [0.3 and 2.5 mg/kg

(Í)] once weekly over a period of 5 weeks. Data points represent the

mean T standard error of the mean from groups of 4Y5 mice.

Fig. 4. Serum trastuzumab levels in female RAG2-M mice following

treatment with trastuzumab only at 0.3 mg/kg (&), or coadministered

with free doxorubicin at 5.0 mg/kg (4) or liposomal doxorubicin

(Í). Data points represent the mean T standard error of the mean

from groups of 4Y5 mice.

Fig. 5. Serum doxorubicin levels in female RAG2-M mice following

treatment with (A) free doxorubicin only at 5.0 mg/kg (&), free

doxorubicin coadministered with trastuzumab at 0.3 mg/kg (4), (B)

liposomal doxorubicin only (&), or liposomal doxorubicin coadmi-

nistered with trastuzumab (4). Data points represent the mean T

standard error of the mean from groups of 4Y5 mice.
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was 2.5 ng/ml, and the level of this therapeutic antibody was
below the limit of the trastuzumab assay at 48 h. There was
no significant difference in the absorption phase, peak serum
levels or elimination over 24 h between mice treated with
trastuzumab only, or those treated in combination with either
free or liposomal doxorubicin. The mean AUC (0Y24 h), as
determined by the trapezoidal rule, for saline, free doxoru-
bicin or Caelyx treated animals was 103.47, 117.74, and
112.17 ng trastuzumabIh/ml, respectively.

Similar experiments were performed in animals given
free doxorubicin or Caelyx, with serum being analyzed for
doxorubicin levels over time (Fig. 5). These results highlight
two points. First, comparing the serum levels of doxorubicin
following injection of free drug (Fig. 5A) or Caelyx (Fig. 5B)
clearly shows that drug levels are 200- to 1000-fold higher
after administration of the liposomal drug. Second, coadmin-
istration of trastuzumab with doxorubicin did not alter the
serum concentrations of either free or liposomal doxorubicin.
The AUC (0Y24 h) of free drug and drug encapsulated in
liposomes was 0.85 and 919.54 2gIh/ml respectively. These
values were 0.77 and 919.88 2gIh/ml respectively when the
drugs were given with trastuzumab.

DISCUSSION

To effectively design combination regimens, several
parameters must be considered. First, the optimal dose of
the two (or more) drugs to be used must be defined. Second,
the potential for drugYdrug interactions altering the pharma-
cokinetics/biodistribution of the drugs needs to be estab-
lished. And third, the therapeutic potential of the drug
combination needs to be established. While a majority of
chemotherapeutic regimens have used drugs at or near their
maximal tolerated dose, thereby hoping to achieve maximal
therapeutic benefit, there may be rationale for using lower
doses and potentially expanding the therapeutic window by
selecting drug combinations that are synergistic. To further
optimize combination regimens, doses of drugs may have to
be titrated against each other at varying ratios, to achieve
optimal results. Our laboratory is focusing on demonstration
of the potential of fixed dose combination products, but this
approach to combination therapy must first rely on selection
of drugs which have the potential to act synergistically and
which do not exhibit interactions that may adversely affect
their activity in vivo.

The majority of regimens in use in the treatment of
advanced, metastatic breast cancer include two or more
therapeutic agents. Traditionally, these have been cytotoxic
agents, however more recently these are likely to include at
least one biologically targeted agent. Pharmacokinetic
drugYdrug interactions are a critical point in design of
optimal treatment regimens and play an important role in
development of clinical trials and treatment protocols.
Interactions can result in altered absorption due to chela-
tion, complex formation or pH effects, altered distribution if
the two agents use similar binding sites, altered transport,
enhanced or decreased metabolism, or altered excretion
(55). In this study, we specifically focused on the serum drug
levels of doxorubicin and trastuzumab following coadminis-
tration of these two drugs. Any alteration in levels noted may
have indicated a need to adjust the schedule of administra-

tion of the drugs to achieve maximum benefit. No alterations
in trastuzumab peak serum levels or elimination over 24
h were noted as a result of coadministration with either free
or liposomal doxorubicin, nor were alterations in doxorubicin
serum levels noted following co-administration of trastuzu-
mab. A more sensitive assay for trastuzumab may have
allowed us to further characterize the elimination phase for
this antibody drug. Assessment of the disposition of active
metabolite of doxorubicin, doxorubicinol, may also have
provided a more subtle indication of differences in the
metabolism of free vs. liposomal doxorubicin with or without
trastuzumab. Further, it will be important to assess how the
combination influences tissue distribution of the individual
drugs. Regardless, these preliminary data suggest that the
combination of trastuzumab and liposomal doxorubicin will
be therapeutically effective and that plasma elimination data
suggest that these agents, which are both eliminated in part by
MPS cells, are not adversely affected when co-administered.
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