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Bepridil in Combination with Anthracyclines to 
Reverse Anthracycline Resistance in Cancer 

Patients 
Coenraad K. van Kalken, Jacobus J.M. van der Hoeven, Jan de Jong, 

Giuseppe Giaccone, Gerrit Jan Schuurhuis, Paul A. Maessen, 
Wouter M.D. Blokhuis, Wim J.F. van der Vijgh and Herbert M. Pinedo 

The use of calcium antagonists as multidrug resistance reversing agents is limited by acute cardiac toxicity 
which, for verapamil, becomes prohibitive when concentrations in plasma approach those required in vitro for its 
action. A new calcium antagonist, bepridil, is as active as verapamil in reversing drug resistance in vitro. In 
addition, bepridil has some more favourable pharmacological properties compared with verapamil and other 
calcium antagonists. 14 patients with progressive advanced cancer, resistant to doxorubicin or epirubicin, were 
treated with the same anthracycline in combination with bepridil. Bepridil was administered in a continuous 36 h 
infusion at 22 mg/kg/36 h, with a dose scheme which should result in a steady state plasma concentration of 
approximately 5 (rmoY1, able to reverse anthracycline resistance in vitro. Pharmacokinetic studies demonstrated 
a median bepridil plasma concentration of 5.3 pmol/l (range 2.6-19.3 pmol/l), at the time of administration of 
the anthracycline. No acute cardiac toxicity was observed and apparently bepridil did not induce an increase or 
change in anthracycline toxicity. However, 2 patients developed overt chronic heart failure after treatment 
discontinuation, which caused 1 patient’s death, and a significant reduction in left ventricular ejection fraction 
was seen in 4 patients. This chronic cardiac toxicity could be related to the total anthracycline dose received. 5 
patients attained short lasting minor responses, 3 had stable disease and 6 progressed. Immunohistochemical 
studies in 7 tumours failed to reveal P-glycoprotein expression. Further trials with escalating doses of bepridil in 
combination with multiple drug resistance related anticancer agents are warranted. 
EurJ Cancer, Vol. 27, No. 6, pp. 739-744,199l 

INTRODUCTION awaits confirmation. Anthracyclines are among the most effec- 
THE OCCURRENCE of drug resistance is considered as a major tive antineoplastic drugs in current use. In vitro studies have 
cause of chemotherapy failure in solid tumours. Several mechan- revealed that anthracyclines display crossresistance to a group 
isms of drug resistance have been discovered in in vitro systems of structurally and functionally unrelated cytotoxic agents. This 
and in animal models, but their significance in human cancer phenomenon, called multidrug resistance (MDR), is related to 

a decreased intracellular drug accumulation and changes in 
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intracellular distribution of drugs [l-3]. The overexpression of 

Free University Hospital, De Boelelaan 1117, 1087 HV Amsterdam, 
a 170-180 kD P-glycoprotein [4], is thought to be responsible 

The Netherlands. for an energy dependent outward transport of xenobiotics and 
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that P-glycoprotein mediated resistance to anthracyclines can 
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be reversed in vitro by several substances, including a number 
of calcium channel blockers [7]. The results of clinical studies in 
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Fig. 1. Structural formulas of bepridil (@[(2-methylpropoxy)- 
methyl]-N-phenyl-N-(phenylmethyl)-1-pyrrolidine ethanamine) 
(upper) and verapamil (lower). Both drugs are lipophylic, have two 
aromatic rings and a tertiary nitrogen atom. The conformation of 
these struch~res is suggested to be important for the resistance 

reversing capacities of calcium channel blockers [ll]. 

patients with solid turnours in which doxorubicin was combined 
with the calcium channel blocker verapamil were disappointing 
[8, 91, the cause probably being the impossibility of adequate 
verapamil dose escalation due to its prohibitive cardiac toxicity 
sustained at plasma levels of approximately 2-3 l.rmol/l [8-lo]. 
Nevertheless, some responses were reported with verapamil 
added to a doxorubicin and vincristine containing regimen in 
patients with multiple myeloma resistant to this combination. 
The responding patients exhibited P-glycoprotein expression on 
their tumour cells [lo]. Several other calcium channel blockers 
have been proposed for in viva reversal of drug resistance [ 111. 
Among these, bepridil (Fig. 1) seems to be quite promising 
[ 111. This drug was shown to have similar potency as verapamil 
to reverse doxorubicin resistance in vitro [ 121; moreover, bepridil 
significantly inhibited binding of photoaffinity analogs of verapa- 
mil to P-glycoprotein [13]. In comparison to other calcium 
antagonists, such as verapamil, bepridil has a larger volume of 
distribution and a longer half-life of elimination, indicating 
extensive tissue uptake or specific tissue binding and low hepatic 
clearance [ 14, 151. Moreover, the concentrations required in 
vitro to reverse resistance (5 pmol/l) could be reached without 
significant side-effects in plasma of patients with coronary artery 
disease during an 1 h infusion (1 mgikgih) after a bolus injection 
of 3 mg/kg [ 161. Because of the anti-MDR activity and the 
favourable clinical pharmacological properties of bepridil, we 
initiated a clinical phase II study with a combination of bepridil 
with anthracyclines, aimed at reversing resistance in patients by 
achieving steady state plasma bepridil concentrations that had 
been reported to reverse drug resistance in in vitro systems [ 121. 

Patients 
MATERIALS AND METHODS 

14 patients with documented intrinsic resistance to doxorub- 
icin or epirubicin were entered in this study. Intrinsic resistance 
was defined as progressive disease on doxorubicin or epirubicin- 
containing regimens. Patient characteristics are summarised in 
Table 1. Median age was 43 (range 19-69) years. Median number 
of previously administered anthracycline containing cycles was 
3.5 (range 2-8). 11 patients received prior doxorubicin therapy 
and 3 patients epirubicin, as a single agent or in combination 
regimens (Table 1). 2 patients (numbers 10 and 14) received 
both agents. Median cumulative dose of prior anthracycline 
treatment was 232.5 mglm2 (range 100-300) for doxorubicin 

and 370 mg/m* (range 240-435) for epirubicin. Tumour types 
were: breast cancer in 5 patients, soft tissue sarcoma in 6, 
pulmonary blastoma in 1, ovarian cancer in 1 and medullary 
thyroid cancer in 1. Eligibility criteria included: clear tumour 
progression on doxorubicin-containing or epirubicin-containing 
regimens, measurable disease, a life expectancy of at least 2 
months, performance scale < 3 (WHO scale), age 70 years or 
less, treatment-free period of at least 4 weeks, white blood 
cell (WBC) count 2 4000/t.& platelet count 2 1250001u.1 and 
bilirubin 5 20 pmol/l. Patients were excluded from this study 
if there was cumulative doxorubicin dose 350 mg/m2 (epirubicin 
500 mg/m2) or higher, heart rate 5 50imin, concurrent use of 
B-blocking agents, radioisotope left ventricular ejection fraction 
(LVEF) 5 50%, or a decrease > 10% during previous therapy 
with anthracyclines, electrocardiogram (ECG) abnormalities or 
history of cardiac disease. Written informed consent was 
obtained from each patient. 

Treatment 
Before treatment a central venous catheter was introduced. 

Bepridil (bepridil monohydrochloride monohydrate) has a half- 
life of distribution of 2-3 h, a half-life of elimination (multiple 
dosing) of 42 (S.D. 12) h and a volume of distribution of 8 l/kg 
[ 141. Based on these pharmacokinetic parameters, bepridil was 
administered as a 36 h continuous infusion preceded by a bolus 
injection in order to achieve steady state plasma levels of 
approximately 5 ~molil after 24 h of infusion (time of doxorub- 
icin administration). On the first day patients received an 
intravenous bolus of 5 mg/kg, administered as a 30 min infusion 
(10 mg/kg/h), followed by a continuous infusion at 1 mglkgih 
during 12 h. After 12 h the dose was lowered to 0.21 mg/kg/h, 
which was maintained for 24 h (5 mgikgi24 h). The anthracyc- 
line was administered as a 30 min infusion, 24 h after initiation 
of bepridil, at the same dose and infusion scheme used in the 
treatment to which anthracycline resistance had been previously 
documented. Cardiovascular monitoring, performed in the 
initial 4 patients in an intensive care unit, included continuous 
checking of heart rate and rhythm, blood pressure every hour, 
ECG every 2 hours, and LVEF before every cycle. Cycles were 
repeated every 3 weeks. Patients were evaluated for antitumour 
response after 2 cycles. WHO criteria were used for toxicity 
and response assessment [ 171. Complete blood cell counts and 
biochemical studies (renal and liver function tests) were obtained 
weekly. Tumour parameters, performance status, chest X-ray, 
ECG and LVEF were recorded or performed prior to each cycle. 

Pharmacokinetic studies 
Pharmacokinetic studies of doxorubicin and bepridil were 

performed in 8 and 10 patients, respectively. Blood samples for 
bepridil pharmacokinetics (5 ml citrate tubes) were drawn just 
prior its administration, at the end of the bolus infusion, at the 
end of the 12 h loading dose, just before and after anthracycline 
infusion and at 2, 4, 6, 8, 10 and 12 (discontinuation of bepridil 
administration) hours thereafter. Blood samples for pharmacoki- 
netics of doxorubicin and 5 major metabolites (10 ml Sarstedt 
Monovette tubes) were taken just before and after doxorubicin 
infusion and at time points 0.25, 0.5, 1, 2, 4, 8, 24 and 
48 h after doxorubicin administration. Tubes were immediately 
placed on ice and centrifuged within 1 h. In patients 1,2 and 3 
pharmacokinetic studies were performed during consecutive 
cycles; in subsequent patients pharmacokinetic studies were 
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Table 1. Patients’ characteristics and treatment outcome 

Patient 

(age, sex) Diagnosis 
Prior CT 
(cycles) 

Cumulative 
dose of 

anthracyclines Dose 

(mglm’) (mgimL) Cycles Response 

1 (65,W 

2 (41,M) 

3 (49, F) 

4 (42, F) 

5 (46, M) 

6 (22,M) 

7 (27, M) 

8 (19, F) 

9 (39,F) 

10 (53, F) 

11 (43, F) 

12 (69, F) 

13 (60,M) 

14 (44, F) 

Medullary 
thyroid 
cancer 

STS 

Breast 

Breast 

STS 

STS 

STS 

Pulmonary 
blastoma 

Breast 

Breast 

Ovary 

STS 

STS 

Breast 

MIT0 (3) 45 MIT0 
DOX (3) 240 

IF0 
DOX (4) 

CMF, 
DOX!MMC (4) 

CMF, MTX 
S-FU 

DOX/MMC (2) 

CYVADIC (2) 

CYVADIC (3) 
DOX (1) 

CYVADIC (5) 
IFO, DOX (1) 

IVA (6), 
CDDPiDOX (2) 

CMF, EPI (3) 

EI’I (3) 
FAC (5) 

CDDPiCP 
El’1 (3) 

IFO, DOX (4) 

DOX (2) 

DOX (4), 
EPI (3) 

190 

240 60 

100 

100 

225 

300 

120 

370 El’1 

250 

435 El’1 120 El’1 

200 50 

180 90 

240 El’1 90 El’1 

90 

50 

50 

50 

75 

75 

60 

100 EPI 

50 

3 

3 

3 

2 

3 

1 

1 

2 

2 

2 

4 

2 

1 

2 

SD 

MR (2) 

SD 

SD 

MR (2) 

PD 

IJD 

PD 

MR (1) 

PD 

MR (3) 

PD 

PD 

MR (1) 

STS = soft tissue sarcoma, MIT0 = mitoxantrone; CYVADIC = cyclophosphamide (CP), vincris- 
tine, doxorubicin (DOX), dacarbazine (DTIC); CMF = cyclophosphamide, methotrexate (MTX), 
5-fluorouracil (S-FU); IVA = ifosfamide (IFO), vincristine, actinomycin D; MMC = mitomycin; 
CDDP = cisplatin; EPI = epirubicin; FAC = 5-fluorouracil, doxorubicin, cyclophosphamide; 
SD = stable disease; PD = progressive disease; MR = minor response (no. of cycles after which 
response was observed). 

performed only during the first cycle. Doxorubicin concen- 
trations were determined by high performance liquid chroma- 
tography [ 181. Bepridil concentrations were determined using 
gas chromatography [ 191. In patient 13 a subcutaneous metasta- 
sis was removed immediately before doxorubicin administration, 
and bepridil tissue concentration was assayed. 

Tissue handling and immunocytochemistrylhistochemistty 
In order to detect expression of P-glycoprotein we used an 

immunohistochemical method described in detail elsewhere 
[20]. Briefly, surgical specimens of the 6 patients with soft tissue 
sarcoma and the pulmonary blastoma were snap frozen in liquid 
nitrogen and stored until use. Cryostat sections (5 km) were 
fixed in cold acetone (10 min 0°C) and air dried. Three mono- 
clonal antibodies (Mab) directed against different epitopes of 
the P-glycoprotein molecule were used: C-219, kindly provided 
by Centocor; MRK-16, a gift of Dr Tsuruo; and JSB-I, which 

was raised in our laboratory [21]. As immunohistochemical 
method an avidine-biotin complex (ABC) immunoperoxidase 
method (Histostain-SP kit, Zymed, San Francisco) was used. 
The slides were developed with amino-ethyl carbazole (AEC), 
counterstained with haematoxylin and mounted with Aqua- 
mount. Cytospin preparations of chemosensitive human lung 
carcinoma cells (SW-1573) and two doxorubicin-resistant sub- 
lines (SW-157312R160 and SW 1573-2R500) were used as nega- 
tive and positive controls, respectively. The use of an unrelated 
(mouse anti-immunoglobulin) antibody was also included in 
all the experiments as negative control. This method allows 
detection of P-glycoprotein in cultured tumour cells with 4-6 
fold resistance to anthracyclines [22]. 

RESULTS 
Median number of cycles administered to the 14 patients 

entered in the study was 2 (range l-4). Cumulative doxorubicin 
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Table 2. Plasma pharmacokinetics of doxorubicin and all measured 
metabolites with or without bepridil 

Doxorubicin 
and 
metabolites 

No bepridil* With bepridil (n = 8) 

G, fina, AUC f! , fin*, AUC 
(h)t (umol. minil) (h)f (pm01 mitt/l) 

Doxorubicin 28.3 (2.8) 
Aol 
7d-Aolon 
Aolon 
7d-Aon 
Aon 

133 (26) 30.3 (6.1) 129 (20) 
46 (16) 42 (17) 
18 (9) 9 (5) 
2 (2) 0.6 (0.6) 
6 (3) 3 (2) 

2.8 (2.6) 

m 

0 20 

Total 207.8 183.6 

Fig. 2. Plasma bepridil pharmacoldnetics of patient 1 during 3 sub- 
sequent cycles. 0-O cycle 1, +-+ cycle 2 and A-A cycle 3. Solid 
bars represent dose of bepridil and scheme of adminstration. The 
anthracycline was administered as a 30 min infusion, 24 h after 

*From [23]. 
TNormalised to 50 mg/m2. 
‘4, final = half-life of elimination, Aol = doxorubicinol, 7d-Aolon = 7- 
deoxy doxorubicinol aglycone, Aolon = doxorubicinol aglycone, 7d- 
Aon = 7-deoxy doxorubicin aglycone, Aon = doxorubicin aglycone. 
The standard error of the mean is given in parentheses. 

initiation of bepridil infusion. 

patients (2 visceral sites and 3 lymph-nodal sites), lasting less 
than one cycle duration in all the cases but one (2 cycle duration). 
3 patients had stable disease (5 weeks, 6 weeks and 10 months) 
and 6 patients had progressive disease, which was already evident 
after the first cycle in 3. 

and epirubicin doses at therapy termination were 300 mg/m2 
(range 200-510) and 570 mg/m2 (range 420-915), respectively. 

Pharmacokinetics 

Toxicity 
Main side-effects were leukopenia and nausea and vomiting: 

leukopenia was severe (WHO grade 3 or 4) in 6 of 12 evaluable 
patients. No significant difference in myelotoxicity was observed 
in patients who received single agent anthracycline in previous 
cycles. Vomiting was observed in 8 of 14 evaluable patients. In 
2 patients in whom bepridil was given in a peripheral vein, severe 
thrombophlebitis developed. No hepatic, renal or pulmonary 
toxicities were encountered and no instances of diarrhoea were 
seen. Severe signs of acute cardiac toxicity were not recorded. A 
transient and asymptomatic drop in blood pressure was recorded 
only in 1 patient. 2 patients died of chronic heart failure 4 
months (patient 1) and 6 weeks (patient 14) after the last cycle, 
respectively. The first patient, whose disease remained stable 
until death (10 months), received 510 mgim’ total dose of 
doxorubicin; the ejection fraction decreased from 73% pretreat- 
ment value to 66%, 1 month before death. Lung radioisotope 
scan failed to show any sign of pulmonary embolism. Anthracyc- 
line induced myocardial damage could not be ruled out in this 
patient, although it was unlikely since the heart failure was 
mainly right-sided. Patient 14 received 280 mg/m2 of doxorub- 
icin and 420 mg/m2 of epirubicin total dose. LVEF dropped 
from 69% pretreatment to 36% at the end of treatment. Necropsy 
revealed clear signs of anthracycline myocardiotoxicity, with 
vacuolisation of myocardial fibers. In another 3 patients a 
reduction of LVEF of 10% or more was recorded (patients 3,6 
and ll), without signs of decompensation. In patient 6 the 
decrease in LVEF had most likely been due to pericardial 
effusion caused by disease progression. 

Pharmacokinetic data of doxorubicin and its metabolites are 
shown in Table 2. Total area under the curve (AUC) normalised 
to 50 mg/m2 was 183.6 kmol*minil for doxorubicin and five 
metabolites (Aol, 7d-Aolon, Aolon, 7d-Aon and Aon). Elimin- 
ation half-life (S.E.) was 30.3 (6.1) h. No significant differences 
were noted when these results were compared to the pharmacoki- 
netic profile in patients receiving doxorubicin alone [23]. A 
representative pharmacokinetic profile of bepridil (patient 1) 
during three subsequent cycles is shown in Fig. 2. Median 
bepridil plasma concentrations were 8.32 pmolil (range 
5.96-26.2) after the bolus injection and 6.41 kmol/l (range 
3.65-26.85) after 12 h continuous infusion. Bepridil plasma 
concentrations at the time of doxorubicin administration (after 
24 h of bepridil infusion) are shown in Fig. 3. Median bepridil 
concentration at that time was 5.3 ~molil (range 2.60-19.33). 
Plasma concentrations tended to decrease after the 12 h loading 
dose, but remained stable after 24 h of administration. In 1 

1 
Response to treatment 

All patients were evaluable for response (Table 1). No major 
objective responses were observed. However, reductions of 

Fig. 3. Plasma bepridil concentration in 10 patients at the start of 
doxorubicin or epirubicin administration (24 h after initiation of 

below 50% in dimensions of disease sites were achieved in 5 bepridil). ??cycle 1, ??cycle 2 and 0 cycle 3. 
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patient (number 13) plasma levels were 4-5 times higher than 
in the other patients (Fig. 3). Bepridil tumour concentration 
found in a subcutaneous metastasis removed from this patient, 
just prior to doxorubicin administration, was 120 pmol/kg, 
which is 6-7 times higher as compared to the plasma concen- 
tration at that time in the same patient. In this patient no liver 
function disturbances or use of other drugs could explain the 
finding. In this patient doxorubicin kinetics were not signifi- 
cantly different from those of the other patients. 

P-glycoprotein immurwhistochemistry 
P-glycoprotein immunohistochemistry was performed in 7 

cases. All the samples were removed before the patients entered 
this study: 4 before any anthracycline treatment and 3 just 
before commencement of the study. In none of the 7 tumours 
(patients 2, 5,6, 7,8, 12 and 13) P-glycoprotein expression was 
detected. 

DISCUSSION 
The present study shows that concentrations of bepridil, able 

to reverse anthracycline resistance in vitro [ 121, can be achieved 
in plasma when bepridil is given in combination with doxorub- 
icin or epirubicin in anthracycline-resistant patients. Although 
no partial or complete responses were attained, 5 minor 
responses of short duration were observed. It might be specu- 
lated that either the optimal dose of bepridil, or the dose of the 
anthracycline, or doses of both drugs were not delivered in 
the present study, and that higher doses could achieve major 
responses. 

The dose of bepridil administered in the present study was at 
least 5 times higher than the highest dose given intravenously to 
cardiac patients [15, 16, 241. In addition, patients with angina 
pectoris or arrhythmias usually receive bepridil orally at a dose 
of 100-600 mg/day [24-271, resulting in steady state plasma 
levels of about 0.5-2 ~molil [14, 19, 271. At these doses the 
drug is definitely safe in the treatment of angina pectoris [26, 
271, but severe ventricular arrhythmia have been reported in 
patients with atria1 fibrillation [25]. The plasma concentrations 
of bepridil as given in this study are at least twice as high as 
those obtained with the maximal tolerable dose of verapamil, at 
which major acute cardiac toxicity is observed [&lo]. No 
significant acute cardiac toxicity was observed with the dose of 
bepridil used in this study (22 mgikgi36 h) and this suggests 
the possibility of further increasing the dose of bepridil. The 
design of our study was such that the dose of anthracyclines was 
the same given in the prior treatment irrespective of whether 
the drug was given alone or in combination with other agents. 
Although this might have caused underdosing in some patients, 
the dose of the anthracycline was not increased because we 
wanted to make sure that the achieved effect was due to the 
combination with bepridil and not to an increase of anthracycline 
dose; in fact a dose-response relationship has been described for 
anthracyclines [28]. 

We did not observe a significant increase or change in anthra- 
cycline-related side-effects with this combination, as also 
reported in other studies of resistance modifiers combined 
with anthracyclines [8, 9, 291. Therefore, the high degree of 
leukopenia observed is likely to be related to the prior therapy 
status of most patients. On the other hand, tumour bearing mice 
treated with vincristine and high dose verapamil (plasma level 
10 kmolil), experienced increased neurological and intestinal 

toxicities and significant changes in vincristine uptake in liver, 
kidneys and small intestine [30], organs known to express P- 
glycoprotein [20]. In our study 2 patients died of chronic cardiac 
insufficiency after treatment discontinuation; in one case a clear 
anthracycline-induced myocardial damage was demonstrated at 
necropsy, while the cause of cardiac insufficiency remained 
unclear in the other patient. A potentiating effect of bepridil 
on anthracycline chronic cardiotoxicity is difficult to exclude, 
although this was never reported in the studies with verapamil 
[g-lo]. The high cumulative doses of anthracyclines received 
by both patients could, per se, explain the outcome. As cumulat- 
ive doses of anthracyclines given to the studied patient popu- 
lation approached critical levels, monitoring of LVEF was 
closely performed; significant reductions of LVEF were in fact 
observed as expected, including the patient who developed 
chronic heart failure and died, despite discontinuation of treat- 
ment. 

We did not observe significant changes in plasma pharmacoki- 
netics of doxorubicin as compared to a previous study in patients 
receiving doxorubicin alone [23]. Although the plasma levels of 
total bepridil were in the range calculated, parameters like drug 
binding to plasma proteins need to be taken into consideration, 
as bepridil [ 141 and verapamil [3 l] are in fact 99% and 90% 
plasma protein bound, respectively. The reversing property of 
both verapamil and bepridil decreases dramatically in cell culture 
in the presence of high bovine serum albumin concentrations or 
human plasma [2]; plasma protein binding in humans does not 
seem, however, to interfere with tissue distribution of these 
calcium channel blockers, given the short half-lives of distri- 
bution (2-3 h) and high volumes of distribution [14, 321. This 
property is explained in part by the lipophylic nature of the 
drugs [ 111. In addition, bepridil has a much longer elimination 
half-life than verapamil(19-48 vs. 4-5 h, respectively) [ 14, 15, 
3 1, 321, which might be explained by a slow biotransformation 
of bepridil by the liver [32] and/or an extensive uptake in 
poorly perfused tissues [ 151. In our study a very high tumour 
concentration was observed in tumour tissue from a patient after 
24 h of bepridil infusion. The same patient displayed plasma 
bepridil concentrations 4-5 fold higher than in the other patients 
studied. The interpatient variability in plasma concentrations 
has been reported in other pharmacokinetic studies with bepridil 
and verapamil [8, 14, 15, 27, 31, 321 and might be related to 
binding to the plasma protein o-l-acid glycoprotein [14, 32, 
331. o-l-acid glycoprotein, an acute phase protein, significantly 
increases in a number of diseases, including malignant disease, 
but also varies across the normal population [14, 32, 331. P- 
glycoprotein immunohistochemistry was negative in all cases 
tested, including 2 soft tissue sarcoma patients who achieved 
minor responses. Unlike our study, responding patients with 
myeloma expressed P-glycoprotein on their tumour cells [lo]. 
Nevertheless, very low levels of m&l gene expression, detectable 
only after polymerase chain reaction amplification, might be 
responsible for clinical drug resistance in soft tissue sarcoma 
[34]. Expression of the mdrl gene has been demonstrated in 
breast cancer [35] and ovarian cancer [36], but its relevance is 
still unclear. 

Our study suggests that bepridil is an attractive alternative to 
verapamil in the attempt to reverse MDR in patients. Develop- 
ment of chronic cardiomyopathy appears to be a crucial problem 
in this type of study with anthracyclines. Recent investigations 
suggest that vinca alkaloid resistance in both P-glycoprotein 
and non-P-glycoprotein mediated MDR can be reversed more 
efficiently by calcium antagonists in vitro as compared to anthra- 
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cycline resistance [30, 37, 381. In addition, no critical cumula- 
tive dose is known for vinca alkaloids. Further studies of vinca 
alkaloids in combination with escalating doses of bepridil are 

21. 

now underway at our institution. 
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