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Abstract Increasing evidence suggests that P-glycoprotein
(Pgp) expression can mediate drug resistance in refractory
breast cancer. We studied 33 patients with refractory breast
cancer enrolied in a pilot study of oral amiodarone as a Pgp
antagonist given in combination with infusional doxorubi-
cin or vinblastine. Whenever possible, tumors were biop-
sied and Pgp expression was assayed. Patients received
either 60 mg/m? doxorubicin over 96 h or 8.5 mg/m?
vinblastine over 120 h by continuous intravenous infu-
sion. Beginning with the second cycle of chemotherapy,
600-800 mg amiodarone was given orally each day.
Patients who experienced toxicity due to amiodarone but
were responding to chemotherapy were placed on quini-
dine. Partial responses were observed in 9 of 33 patients on
study and were sometimes observed after the first cycle of
chemotherapy, before amiodarone was given, suggesting
that some patients may have responded to treatment
because of the infusional schedule. Toxicities were primar-
ily the known side effects of the antineoplastic agents and
of amiodarone. The major amiodarone toxicity was gastro-
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intestinal, with nausea, vomiting, anorexia, or diarrhea
being noted in 21 patients. Biopsy samples were obtained
from 29 patients and in 21 cases, viable tumor tissne was
present and the results were interpretable. Of the 21
samples, 9 had Pgp expression as determined by immuno-
histochemical staining; 12 were considered negative. The
presence of Pgp expression was associated with an accel-
eration of the time to treatment failure, Whereas normal-
tissue toxicities related to the combination of a Pgp
antagonist with chemotherapy were not observed, amiodar-
one was associated with too many untoward effects to be
utilized as a drug resistance-reversing agent.
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Introduction

Treatment of metastatic breast cancer with cytotoxic therapy
18 limited by relapse and treatment failure. A review of
clinical trials calculated a 16.6-month median survival for
women with metastatic breast cancer treated with conven-
tional chemotherapy [6]. The search for mechanisms under-
lying drug resistance in breast cancer has led to evalunation of
glutathione redox pathways and of oncogene and P-glyco-
protein (Pgp) expression [23]. In laboratory models, the
overexpression of Pgp has been shown to mediate multidrug
resistance through active drug efflux, thereby reducing the
intracellular concentration of multiple agents [25]. The
agents effluxed are principally natural products, including
vincristine, vinblastine, actinomycin D, doxorubicin, pacli-
taxel, and mitoxantrone. Increasing evidence supports a role
for Pgp in clinical drug resistance as well. The expression of
Pgp or the encoding gene mdr-1 has been correlated with
diminished survival in childhood sarcoma, neuroblastoma,
and adult acute leukemia [2-4, 20].

Evidence that Pgp mediates clinical drug resistance in
breast cancer is also accumulating, with various investiga-
tors noting increased Pgp expression in patients previously
treated for breast cancer [29, 31, 32]. Using a variety of
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methodologies, reports of Pgp expression have ranged from
0 to 85% in the samples studied [10, 21, 29, 31, 32]. The
variance in expression is most likely due to the methods
used, including those that evaluate the entire tumor popula-
tion (RNA analysis by slot or Northern blotting or protein
analysis by Western blotting) and immunohistochemical
techniques [10, 21, 29, 31, 32].

In laboratory models, numerous agents have been shown
to inhibit active drug efflux, including verapamil, quinidine,
phenothiazines, amiodarone, and cyclosporine A. This
finding has led to various clinical trials testing whether
anticancer therapy can be improved by adding a Pgp
antagonist to cytotoxic therapy. The choice of a Pgp
antagonist has largely centered on availability, with agents
that are in clinical use for other indications, such as
verapamil or cyclosporine, being the first tested [13, 22,
26, 33]. However, concentrations of verapamil achieved at
maximal tolerated doses are well below those needed for in
vitro reversal studies [22, 24]. Cyclosporine can be given in
doses that achieve serum levels comparable with those used
in vitro, but it demonstrates significant toxicity [18, 33, 39].
Amiodarone is an effective antagonist in vitro at concentra-
tions that can be found in the serum of patients receiving the
drug for cardiac indications [3, 8, 9, 37]. Amiodarone doses
ranging from 1 to 3 pg/ml are as effective as 10 uM
verapamil in antagonizing Pgp in vitro.

In the present study, patients with refractory breast
cancer were treated with a combination of amiodarone and
doxorubicin (or vinblastine if the patients’ cumulative
doxorubicin dose exceeded 240 mg/m?2). Both doxorubicin
and vinblastine were given by continuous infusion in doses
previously noted to be effective in breast cancer [7, 17].
Biopsy samples were obtained from as many patients as
possible, and the expression of Pgp was assessed by
immunohistochemistry. The study was designed primarily
to test the feasibility of using amiodarone as a Pgp antag-
onist in breast cancer and also to assess the expression of
Pgp in the population of patients enrolled.

Patients and methods

Patient selection

Patients entering on study had recurrent breast cancer. Prior therapies
included chemotherapy (with and without anthracyclines), surgery,
hormonal therapy, irradiation, and autologous bone marrow transplan-
tation (two patients). Patients had a life expectancy of greater than
12 weeks along with a Kamofsky performance status of greater than
40%. Radiation therapy must have been completed 6 weeks prior to
their entering the study. All patients gave informed consent as dictated
by Institutional Review Board policies.

Treatment program

All patients had a temporary triple-lumen or permanent central-venous
access device placed for the administration of doxorubicin or vinblas-
tine. Doxorubicin (60 mg/m2) was dissolved in 0.9% Sodium Chloride,
USP, and was delivered by continuous intravenous infusion over 96 h
using a portable infusion pump (Pharmacia Deltec CADD-1, Pharma-
cia Delta, Inc., St. Paul, Minn.). Treatment was changed from

doxorubicin to vinblastine if the ejection fraction decreased while on
study or if the cumulative doxorubicin dose exceeded 525 mg/m?2.
Vinblastine was initially given to patients with a cumulative doxoru-
bicin dose of greater than 240 mg/m? or an ejection fraction of <45%.
The total vinblastine dose (8.5 mg/m?) was divided in half and diluted
to a total volume of 100 ml with 0.9% Sodium Chloride for Injection,
USP, and was delivered as a continuous intravenous infusion over 120 h
using the same portable pump. Two reservoirs, each infused over 60 h,
were required to complete the 120-h infusion. The first cycle of
chemotherapy was given without concurrent amiodarone.

Amiodarone loading at 1000 mg/day began after completion of the
first chemotherapy infusion and continued for 2 weeks. A daily dose of
600-800 mg amiodarone was given throughout subsequent chemo-
therapy cycles. If a patient developed toxicity or intolerable side effects
due to amiodarone, quinidine sulfate at 200 mg g.i.d. could be
substituted as the Pgp antagonist and titrated to a serum level of
5 pg/ml. Quinidine was given for 2 days prior to and concurrently with
the chemotherapy infusion. Patients were monitored in the intensive
care unit while receiving quinidine due to the potential for cardiac
sequelae from the synergistic activity of amiodarone and quinidine
given in close proximity. Patients were continued on therapy until
documentation of progressive disease. Standard criteria were applied
for determination of response.

Amiodarone and quinidine assays

Quinidine was assayed at the Warren G. Magnuson Clinical Center
laboratory by a fluorescence polarization immunoassay (TDx system,
Abbott Laboratories, Diagnostics Division, Abbott Park, I11.). Amio-
darone and desethylamiodarone were analyzed by a high-performance
liquid chromatography (HPLC) assay at Smith-Kline-Beecham
(Philadelphia, Pa.).

Immunohistochemical staining

Patients’ samples were obtained by various means from a variety of
sources. These included 6-mm punch biopsies of skin lesions; exci-
sional, trucut, or needle-aspiration biopsies of breast, pulmonary, or
hepatic metastases; thoracentesis; and paracentesis. Cell peliets obtain-
ed from suspensions and tumor biopsies were embedded in OCT over a
dry-ice/methanol bath. For confirmation that the biopsy samples
contained tumor tissue, hematoxylin-and-eosin-stained frozen sections
were evaluated in addition to the immunohistochemical stains.

Frozen sections (8 m) were thawed, dried, fixed for 10 min in
3.7% formaldehyde, and then washed in phosphate-buffered saline.
Subsequently, slides were hybridized as previously described for 1 h at
23 °C with either MRK-16 antibody (10 pg/ml), which is specific for
Pgp, or IgG 62a (10 pg/ml; Coulter Immunology, Hialeah, Fla.) [1, 11,
34, 35]. A peroxidase-conjugated anti-mouse antibody (Jackson
Immunoresearch Laboratories, Westgrove, Pa.) was used to detect
MRK-16 binding. Each tumor was examined in duplicate in a
minimum of three separate experiments.

Results
Patients’ characteristics

Patients ranged in age from 31 to 74 years. A fotal of
27 patients had received prior anthracycline therapy; 14
had received a cumulative dose of over 240 mg/m? and were
placed on vinblastine. Patients had received a mean of 2.2
(range, 0—5) different chemotherapy regimens for metastat-
ic disease prior to entry on this study and a mean of 3.1
(range, 0—6) different regimens including biological and
hormonal therapy.



Responses

Disease response was evaluable in 29 of the 33 patients on
study. Four patients were inevaluable due to early with-
drawal or death. No patient had a complete remission. Nine
patients had a partial response, three had a minimal
response, nine had stable disease, and eight had progressive
disease. Tumor shrinkage had to persist for 1 month or more
to be considered a response. Patients were on study for a
median of 3 (range, 1-5) cycles. Favorable responses to
treatment were often of short duration, sometimes lasting
only one cycle. Many of the patients had pulmonary or
chest-wall metastases, both of which could be evaluated
after the first cycle of therapy without amiodarone. Several
of the patients had tumor shrinkage following that first
cycle. This suggested that tumors in many patients were
not refractory to the chemotherapy alone.

A slight apparent difference in the response rate was
noted between patients receiving doxorubicin (31%) and
those receiving vinblastine (21%). This was not statistically
significant (P =0.5, Fisher’s exact test) and was probably
related to the amount of prior therapy, since patients enrolled
on vinblastine had received more than 240 mg/m? doxoru-
bicin.

Amiodarone levels

The study design targeted amiodarcne serum levels near
2 pg/ml. Most patients required 800 mg/day and not all
achieved target levels. The mean (F SD) level of amiodar-
one was 1.67+0.79 pg/ml, and that of the metabolite
desethylamiodarone was 1.11+0.47 pg/ml. Amiodarone
levels in patients ranged from 0.3 to 3.45 pg/ml, and
desethylamiodarone levels varied from 0.3 to 3.0 ug/ml.
No correlation was observed between the serum level of
amiodarone and the response to therapy (the amjodarone
level was 1.714£0.80 pg/ml in patients with a partial
response and 1.60 £0.80 ug/ml in nonresponders).

Toxicities

Three types of toxicity were evaluated in this study: those
due to the antineoplastic agent alone, those due to the
antagonists alone, and those due to the combination of the
two. The major toxicities of chemotherapy were neutropenia
and cardiac complications. Neutropenia (absolute neutrophil
count, less than 500/mm3) occurred in a majority of the
patients, but only five required hospital admission for fever.
Four patients were changed from doxorubicin to vinblastine
because of a cumulative doxorubicin dose of 610 mg/m?2
(two patients) or a declining ejection fraction (two patients).

Cardiac complications due to both amiodarone and
quinidine were observed. Among 31 patients receiving
amiodarone, 8 developed a first-degree atrioventricular
(AV) block, with 1 patient demonstrating a junctional
rhythm. One patient developed a second-degree AV block
that was asymptomatic. All cases of heart block resolved
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upon discontinuance of amiodarone. Among the five pa-
tients receiving quinidine, prolonged QTc intervals were
observed that returned to normal upon quinidine discontinu-
ance.

Amiodarone has known pulmonary, ocular, thyroid, and
gastrointestinal toxicities [9]. No patient had a decrease in
pulmonary function that could be attributed solely to
amiodarone. However, lung metastases and pleural effu-
sions were so common that amiodarone-related lung toxicity
may have been difficult to discern. A deterioration in
pulmonary status was always associated with progression
of disease and/or recurrent pleural effusions. Ocular kerato-
pathy due to amiodarone is characterized as pigmented
microdeposits on the corneal epithelium and manifests as
a halo effect in the visual field [9, 38]. Amiodarone was
discontinued in three patients documented by ophthalmolo-
gic examination to have ocular keratopathy. Patients were
also monitored for changes in thyroid and adrenal function.
‘Three patients whose T4 levels declined were placed on
thyroid supplementation and amiodarone was continued. No
clinical evidence of adrenal toxicity was found during the
study. Anorexia, nausea, vomiting, or diarrhea was fre-
quently observed (in 21 of 33 patients) and attributed to
amiodarone; however, only 1 patient required discontinua-
tion of amiodarone because of nausea. No hyperbilirubine-
mia related to amiodarone was observed. One patient with
multiple severe liver metastases was suspected of having
concurrent amiodarone-related liver toxicity. Five patients
were treated with quinidine because of amiodarone toxicity.

The toxicities described above are those expected fol-
lowing single-agent administration of these substances. The
third form of potential toxicity encountered in combining
chemotherapy with a Pgp antagonist is that due to sensitiza-
tion of normal tissues where Pgp is expressed. The only
potential toxicity that could be attributed to Pgp antagonism
in normal tissue was neurotoxicity. Five patients had
weakness, paresthesia, dysesthesia, or muscle cramps in
the lower extremities: two patients receiving quinidine and
three patients receiving amiodarone. Four of the five
patients who complained of these neurological symptoms
were receiving vinblastine.

Amiodarone, desethylamiodarone, and total amiodarone
plus desethylamiodarone levels were analyzed for correla-
tions with the presence of ocular, thyroid, gastrointestinal,
and neurological toxicities. No statistically significant
difference was found by the Wilcoxon rank-sum test;
however, a trend toward higher total amiodarone plus
desethylamiodarone levels was observed in the three pa-
tients with neurotoxicity (4.362.04 versus 2.36 +1.08 ug/
ml, P = 0.09).

P-glycoprotein expression

Tumor biopsies were obtained from 29 patients. Viable
tumor was found in only 21 of the biopsies, whereas the
rest demonstrated necrosis, fibrosis, or normal tissue.
Biopsies taken under computerized tomographic (CT) guid-
ance from known metastatic sites occasionally contained
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Fig. 1A-K Immunohistochemical analysis of Pgp expression. Tumor
biopsies were stained using MRK-16 to detect Pgp or IgGg2a as a
control antibody with peroxidase detection. Representative positive
and negative samples are shown. A, C, E, G, I IgGg2a control stains
for nonspecific staining. B, D, F, H, J, K MRK-16 staining.
A, B Positive staining for Pgp in tumor cells in pleural effusion.

only normal tissue. Immunohistochemical staining was
performed with MRK-16; representative samples are
shown in Fig. 1. Expression of P-glycoprotein (Pgp) was
observed in 9 of 21 (43%) of the tumor samples (Table 1).
Samples were considered positive if staining was observed
in 20% of the identifiable tumor cells. Staining for Pgp was
confirmed by a minimum of three separate experiments.

Clinical correlations

Associations between Pgp expression and response, time to
treatment failure, and prior doxorubicin therapy were

C, D Positive staining for Pgp in tumor cells only in a breast biopsy.
E, F Positive staining for Pgp in tumor cells from lung aspirate.
G, H Absence of staining for Pgp in tumor cells in pleural effusion.
I, J Positive staining for Pgp in tumor cells only in a breast biopsy.
K Typical bile canalicular staining in normal liver and absence of
staining in the tumor sample

evaluated by univariate methods. Pgp expression did not
correlate with response or prior therapy. However, as shown
in Fig. 2, the presence of Pgp as assayed by immunohisto-
chemical staining was associated with a shorter time to
treatment failure by the Kaplan-Meier method (median time,
3.1 versus 5.6 months; P = 0.0064, Mantel-Haenszel
method) [14, 19]. One of the nine patients with positive
Pgp expression was excluded from this analysis because she
died before receiving two cycles of therapy and was thus
inevaluable.
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Fig. 2 Kaplan-Meier curve demonstrating the relationship between the
time to disease progression and Pgp expression. An immunohistochem-
ical assay was performed on tumor biopsies obtained from patients at
the time of study entry

Table 1 Pgp expression in biopsy samples?

Response Number of Pgp expression No tumor®
patients?
Pgp+ Pgp-
Partial 9 3 6 0
Stablec 12 3 3 3
Progression 8 2 3 2
Not evaluable 4 1 0 3
Totals 33 9 12 8

2 Biopsies were not obtained from 4 patients: 3 with stable disease
and 1 with disease progression

b Although tumor samples were obtained from known tumor sites,
viable tumor cells were not seen in frozen sections. Either the tumor
was necrotic or only normal cells were observed

¢ Stable disease includes patients with minimal responses

Discussion

Investigators have addressed the importance of Pgp in
cancer treatment by evaluating the incidence and level of
Pgp expression in clinical samples and by attempting
reversal of Pgp-mediated resistance. The present study
treated patients with advanced breast cancer with amiodar-
one as a Pgp antagonist combined with either doxorubicin or
vinblastine. Amiodarone was given daily; chemotherapy
was given in 3- to 4-week cycles by continuous intravenous
infusion. In all, 9 partial responses were observed among
33 patients, but it is not possible to discern the contribution
of the amiodarone, which resulted in multiple adverse
effects itself. Pgp was expressed in 43% of the tumor
specimens and correlated with a shortened time to treat-
ment failure.

Clinical studies defining a role for multidrug resistance
by evaluation of results obtained with reversal agents are in
their infancy. Early trials, like the present one, used
antagonists that were commercially available for other
indications [13, 22, 24, 26, 39]. These antagonists usually
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cause toxicity at the levels needed for full reversal of drug
resistance in vitro [18, 24, 26, 39]. The majority of these
trials have been disappointing, producing few and short-
lived responses. However, actual Pgp antagonism and proof
of increased drug accumulation in tumor tissue has not yet
been documented in any clinical study. Newer, more potent
antagonists may improve the clinical outcome.

The continuous-infusion schedule was chosen in part
because of its safety in patients previously treated with
doxorubicin [12, 17]. Subsequent laboratory studies have
indicated that prolonged exposure of cells to doxorubicin,
vincristine, or paclitaxel can reduce the relative resistance of
cells bearing Pgp ([15]; unpublished observations). Thus,
prolonging the exposure duration by giving doxorubicin or
vinblastine by continuous infusion may have resulted in
some of the responses observed. The trial design in the
present study did not require proof that patients were
refractory to the therapy before the addition of a reversing
agent. Thus, the responses observed cannot be directly
attributed to amiodarone.

It has been argued that amiodarone and other protein-
bound agents may be poor antagonists in vivo. Although
amiodarone is highly protein-bound, pharmacokinetics
studies have shown rapid distribution to normal tissues
after intravenous injection [28]. At 4-16 h after a single
i.v. dose in rats, amiodarone is found in the adipose tissue,
kidney, liver, heart, skeletal muscle, and brain at concentra-
tions that are 1-2 logs higher than those found in blood [28].
After chronic dosing, significant accumulation occurs in
these tissues as well [16]. Pharmacokinetics studies in
normal volunteers suggest that extensive tissue distribution
also occurs in humans [27]. Although the levels achieved in
tumors are unknown, these studies demonstrate that protein
binding does not interfere with tissue distribution. Whereas
the 2-pg/ml target concentration of amiodarone was
achieved in only 7 of 29 patients in the present study,
there is evidence that the metabolite desethylamiodarone
is also capable of reversing drug resistance [37].

Toxicities observed in patients on this study were
primarily known toxicities of the individual drugs. Toxi-
cities due to doxorubicin or vinblastine did not appear to be
excessive for this patient population. Toxicities specific to
amiodarone or quinidine were noted, and those of amiodar-
one included cardiac conduction abnormalities, visual pro-
blems, changes in thyroid function tests, and gastrointestinal
complaints. Neurotoxicity, observed in five patients, was
suspected to be an enhanced normal-tissue toxicity due to
the combination of vinblastine with a Pgp antagonist.
Similar neurological toxicities were observed in recently
reported trials combining cyclosporine A or tamoxifen with
vinblastine [30, 36]. Increased myelosuppression or hyper-
bilirubinemia, as reported in reversal studies utilizing
cyclosporine A [18, 39], was not observed in this study.

Immunohistochemistry detected Pgp expression in 9 of
2] evaluable biopsy samples from patients on this study.
Biopsy samples were obtained from 29 metastatic sites in
the liver, skin, breast, or lung, tissues that have differing
levels of intrinsic Pgp expression. Immunohistochemistry
has the advantage of determining the level of Pgp expression
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in the malignant cells, regardless of the expression in the
surrounding normal tissue. Only 21 of the 29 samples
contained viable tumor, illustrating the importance of
histologically verifying tumor involvement in any method
of Pgp analysis.

There was no correlation of Pgp expression with re-
sponse, but expression was associated with a shorter time to
treatment failure (P = 0.0064, Mantel-Haenszel method).
Regardless of the response observed, patients whose tumors
were positive for Pgp developed progression of disease
sooner than patients whose tumors were negative. This
finding is consistent with reports in other diseases [2-4,
20]. The presence of a correlation with treatment failure in
our study also suggests that Pgp antagonism by amiodarone
was not effective.

In summary, this study demonstrated Pgp expression in
patients with refractory breast cancer. Administration of
amiodarone as a Pgp antagonist in combination with infu-
sional chemotherapy resulted in minimal normal-tissue
toxicity but in significant toxicities known for amiodar-
one. The study design does not permit conclusions to be
drawn about the effectiveness of amiodarone as a Pgp
antagonist because resistance to the antineoplastic regimen
alone was not confirmed and proof that amiodarone was
effectively blocking Pgp was not obtained. Increased expe-
rience with Pgp-reversal trials has shown that this type of
trial design cannot provide a definitive answer as to whether
Pgp modulation can improve cancer treatment. Instead,
trials with a crossover design are needed in which the
patient is treated with chemotherapy alone prior to the
addition of an antagonist when disease progression occurs.
Ultimate proof that Pgp antagonists can improve cancer
therapy awaits the performance of randomized trials in
previously untreated patients.
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