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Abstract Purpose: Expression of P-glycoprotein (Pgp),
which confers the multidrug resistance (MDR) pheno-
type, is thought to contribute to the insensitivity of renal
cell cancer (RCC) to chemotherapy. The development of
Pgp inhibitors for clinical application has been ham-
pered by unacceptable toxicity at doses required to
achieve adequate cellular concentration. Toremifene is
able to reverse MDR and sensitise RCC to vinblastine
in vitro. However, in vivo toremifene is tightly bound
to serum proteins, in particular the acute phase protein
oq-acid glycoprotein (AAG), which may limit tissue
availability. In this phase I-II study we assessed the
tolerability of short courses of high dose toremifene in
combination with vinblastine and evaluated the key
determinants of MDR reversal in vivo. Methods:
Twenty-seven patients with metastatic RCC received
escalating doses of oral toremifene for 3 days every
2 weeks in combination with vinblastine 6 mg/m?i.v. on
day 3 of each cycle. The serum concentration of tore-
mifene, its metabolites and AAG were measured and the
effect of patients’ serum on inhibition of Pgp in vitro was
determined. Results: Twenty-six patients were evaluable
for response. Eight patients (31%) had stable disease
and 18 patients (69%) progressive disease. The mean
serum concentration of toremifene at 780 mg daily for
3 days was 7.82 uM [standard deviation (SD) 2.48,
range 2.50 to 14.70], which exceeds that known to
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reverse MDR in vitro. The serum concentration of the
major metabolite of toremifene, N-demethyltoremifene,
which also reverses MDR, was 5.13 pM (SD 1.78, range
1.80 to 9.00). In 60% of patients the pre-treatment AAG
concentration was above that known to block the effects
of toremifene in vitro. However, addition of serum from
patients on toremifene to MCF-7 adr cells in vitro
inhibited Pgp-mediated efflux of rhodamine 123. Con-
clusions: We have shown that short course, high-dose
toremifene in combination with vinblastine is generally
well tolerated and that the concentration of toremifene
required to reverse MDR in vitro is achievable in vivo.

Key words Multidrug resistance - P-glycoprotein -
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Introduction

The incidence of renal cell cancer (RCC) is increasing,
with an annual age-adjusted incidence of 6.3 and 3.2 per
100,000 of the male and female populations in the UK
[24]. There is no effective systemic therapy for RCC,
with 5-year survival less than 10% for patients with
metastatic disease.

Endocrine manipulation, including tamoxifen, has
been evaluated following an early report of a response
rate of 30% for medroxyprogesterone [5]. Subsequent
studies indicate the true response rate for hormone
therapy is less than 10%. The cytokines interferon-o and
interleukin-2 give responses of 10-30% but are associ-
ated with significant toxicity [23, 25]. In clinical trials the
most active chemotherapeutic agent is considered to be
vinblastine, although few studies report response rates
above 10% [9, 10]. Resistance to vinblastine is thought
to be mediated by the multidrug resistance (MDR)
phenotype. The classical form of MDR in mammalian
cells is due to increased activity of P-glycoprotein (Pgp)
which acts as an efflux pump, reducing intracellular
concentration of drug. Pgp is expressed by normal renal
epithelial cells and contributes to their secretory capacity.
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It is also commonly expressed in RCC and may limit the
efficacy of cytotoxic agents, including vinblastine [8].

One approach to improving the management of RCC
is to use cytotoxic drugs in combination with agents that
inhibit Pgp. Several compounds including verapamil,
nifedipine, chloroquine and cyclosporin reverse MDR
in vitro by inhibiting Pgp [20]. In order to achieve con-
centrations of inhibitors sufficient to inhibit Pgp in vivo,
these agents have to be given at doses that result in
unacceptable toxicity. Toremifene, a triphenylethylene
anti-oestrogen, is structurally similar to tamoxifen, dif-
fering only in the substitution of a chloroethyl group for
the ethylgroup of tamoxifen. Tamoxifen appears to be
more potent than toremifene as an MDR-reversing
agent in vitro. However, tamoxifen was poorly tolerated
in clinical studies at doses required to achieve effective
serum concentrations [27].

The pharmacology of toremifene has been extensively
studied [1]. Its metabolites are N-demethyltoremifene
(DMT), N,N,-didemethyltoremifene (DDMT), deamino-
hydroxytoremifene (DAHT) and 4-hydroxytoremifene
(40HT) [15]. Cells expressing Pgp in vitro are sensitised
to vinblastine by addition of toremifene in a dose-
dependent manner with the most abundant metabolite,
DMT, demonstrating approximately half the MDR-re-
versing activity of toremifene [17]. In phase I studies oral
toremifene was well tolerated at doses of up to 400 mg/
m?/day [12, 13, 28], with gastrointestinal upset, hot
flushes and vertigo being the most common adverse re-
actions. Over 99% of toremifene is bound to serum
proteins, particularly albumin (92%) and the acute phase
protein, a;-acid glycoprotein (AAG, 2%) [26]. In vitro
addition of serum to cell culture media reduces the ac-
cumulation of toremifene in breast cancer cell lines,
suggesting that much higher concentrations are required
in vivo to reverse MDR [31]. AAG is frequently elevated
in patients with malignant diseases, including RCC [19]
and may limit the availability of toremifene to inhibit
Pgp [6].

One previous study has assessed toremifene tissue
distribution in patients with lung cancer. A 7-day course
of toremifene was well tolerated at a dose of 480 mg/day
with samples showing accumulation of toremifene in
both normal lung and tumour tissues at a concentration
greater than that predicted to reverse MDR [21]. Based
on these experimental and clinical data, we evaluated the
pharmacodynamics and tolerability of short courses of
high-dose toremifene as an MDR-reversing agent in
RCC, determined serum concentrations of parent drug
and its active metabolites and assessed whether protein
binding of toremifene limits its MDR reversing ability
in vitro.

Patients and Methods

Patients

Twenty-seven consecutive eligible patients with histologically
proven and radiologically measurable RCC were enrolled in this

study. Eligibility criteria included age between 18 and 75 years, life
expectancy greater than 2 months, WHO performance status 0 to
2, white blood cell count >3.0 x 10°/1, platelets > 100 x 10°/1,
haemoglobin >10 g/dl and AST and ALP less than twice the upper
limit of normal (unless due to metastatic disease). Subjects gave
written informed consent to take part in the study, which was
conducted in accordance with the Declaration of Helsinki and
approved by the Central Oxford Research Ethics Committee.
Patient characteristics are summarised in Table 1.

Treatment

Toremifene was given once daily by the oral route on days 1-3 of
each 14-day cycle. Vinblastine (6 mg/m? i.v.) was administered 4 h
after toremifene on day 3 of each cycle. Treatment was delayed by
1 week if either the peripheral blood leucocyte or platelet count was
less than 2 x 10°/1 and 50 x 10°/1, respectively. Patients were
withdrawn from the study if a treatment delay of longer than
1 week was required. No reductions were made in vinblastine dose.
The maximum tolerated dose of toremifene was determined during
phase 1. Nine patients received an escalating dose (cycle 1: 420 mg;
cycle 2: 600 mg; cycle 3: 780 mg). Five of these patients received at
least two cycles of toremifene at the 780-mg dose level. During
phase II, 18 patients received 780 mg toremifene at each cycle.
Treatment was continued until progressive disease was documented
or until the occurrence of WHO grade 3 toxicity, up to a maximum
of eight cycles.

Toxicity/Response evaluation

Haematological indices, renal and hepatic function were assessed
on day 3 of each treatment cycle, prior to vinblastine adminis-
tration. Toxicity was graded according to WHO criteria except
for fatigue, anorexia and vertigo, which were graded as absent,
mild, moderate or severe, according to symptom diary cards kept
by patients. Tumour size was measured radiologically before
starting treatment and after the fourth and eighth cycles. Re-
sponse was evaluated by WHO criteria. Patients withdrawn due
to progressive disease after at least one cycle were considered
evaluable.

Table 1 Patients characteristics

Number of patients 27
Number of patients evaluable for response 26
Median age in years (range) 53 (30-73)
Male/female 16/11
Performance status (WHO scale)
0 8
1 14
2 5
Prior therapy
Nephrectomy 15
Medroxyprogesterone 10
Radiotherapy 7
Biological modifiers 3
Sites of disease
Kidney or renal bed 19
Lung 17
Bone 8
Liver 7
Abdominal lymph nodes 7
Pleural effusion 4
Mediastinum 4
Adrenals 1




Pharmacokinetic assessment
Toremifene and its metabolites

Peripheral venous blood was taken 4 h after toremifene adminis-
tration on day 3 of each cycle for measurement of serum toremif-
ene and the metabolites DMT, DAHT and DDMT using
high-performance liquid chromatography (HPLC). This time point
was chosen because this is the time of peak serum concentration
(Cinax) for toremifene after oral administration [2]. Samples were
centrifuged at 2500 g x 10 min and serum aspirated and frozen at
=70 °C until analysis. Toremifene and its metabolites were sepa-
rated from serum using liquid-liquid extraction methodology,
separated on a reversed phase HPLC column and, after post-
column UV-activation, quantified by fluorescence detection as
described previously [2].

op-Acid glycoprotein

Blood was taken on day 3 of each cycle for measurement of o;-acid
glycoprotein (AAG). Serum AAG was measured on a Beckman
Array Protein Analyser, which is a rate nepholometer for mea-
suring specific proteins by an immunoprecipitation reaction. The
increase in light scatter resulting from the antigen-antibody reac-
tion was represented as a peak rate signal, which was then con-
verted to AAG concentration units (g/l) by the analyser. The
reference range for AAG in the author’s laboratory is 0.33-0.88 g/1.

Reversal of multidrug resistance in vitro

The ability of toremifene (kindly provided by the Orion Corpora-
tion, Turku, Finland) to reverse MDR was assessed using a modi-
fication of the method described by Witherspoon [30], where the
fluorescent compound rhodamine 123 was used as a substrate for
Pgp. MCF-7 wild-type and MCF-7adr cells (which are resistant to
doxorubicin because of Pgp over-expression [3]) were grown on
cover slips in 6-well plates in RPMI 1640 medium with 10% foetal
calf serum in 5% carbon dioxide. When cells had reached ap-
proximately 50% confluence the medium was replaced with fresh
medium containing 5 pM, 10 pM or 20 uM of toremifene (dis-
solved in ethanol at a stock concentration of 50 mM and stored at
—20 °C). Rhodamine 123 (stock solution of 1 mg/ml in ethanol
stored at =20 °C) was added at a concentration of 500 ng/ml and
cultures incubated at 37 °C for 2 h. Fluorescence of rhodamine 123
in individual cells was detected using confocal microscopy (exci-
tation wavelength 488 nm by a MRC600 Fluorimeter) and results
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provide a semi-quantitative assessment of MDR. The presence of
cells in the MCF-7adr controls was confirmed by exclusion of
FITC labelled dextran (average molecular weight 50,700, stored as
a stock solution of 10 mg/ml at 4 °C).

The influence of serum on the effectiveness of toremifene in the
MDR assay was assessed by repeating the experiment in the pres-
ence of 50% human serum. The ability of patient sera to reverse
MDR before and after toremifene was evaluated by incubating the
cells with 500 ng/ml rhodamine 123 in the presence of 50% serum.
There was individual variation between cells in the extent of fluo-
rescence and data was analysed as the mean pixel intensity of all
cells per field of view. During development of the assay all samples
were assessed in duplicate, although subsequent analysis of patient
samples was performed once only.

Results

One hundred and sixteen treatment cycles were admin-
istered with a median of four and a range of one to eight
cycles per patient. Two patients completed eight cycles.
The reasons for not completing eight cycles of treatment
were: progressive disease (18), toxicity (four), patients
with stable disease who chose to stop treatment after
four cycles (two) and death from cerebrovascular acci-
dent, considered to be unrelated to treatment, in a pa-
tient with a history of carotid artery disease (one). There
were no clinical responses. Twenty-six patients were
evaluable for response. Eighteen (69%) had progressive
disease and eight (31%) had stable disease for 3 months
(six patients), 4 months (one patient) and 12 months
(one patient).

Toxicity

Haematological toxicity is shown in Table 2. One pa-
tient experienced pyrexia associated with grade 4 neu-
tropenia but responded to broad spectrum i.v. antibiotic
treatment and was withdrawn from further study. No
thrombocytopaenia was encountered and treatment de-
lays were not required. Eleven patients developed

Table 2 Worst toxicity

(all cycles) WHO grade Percentage of
y patients with Grade

1 2 3 4 2, 3 or 4 toxicity

Nausea/vomiting 12 8 0 0 31

Leucopenia 6 3 1 1* 16

Mucositis 6 1 0 0 4

Parasthesiae 5 1 0 0 4

Pyrexia 2 1* 0 0 4

Myalgia 2 1# 0 0 4

Alopecia 9 0 0 0 0

Neutropenia 3 3 1 1 16
Symptom diary card grade
Mild (1) Moderate (2) Severe (3) Percentage of patients with

Grade 2 or 3 toxicity

Fatigue 6 14 1 58

Constipation 7 5 0 19

Anorexia 9 4 0 15

Vertigo 6 3 0 12

#Cause of withdrawal from study
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neutropenia. Seventeen patients had anaemia, nine of
whom had anaemia prior to the start of treatment. Fa-
tigue, nausea and vomiting were the commonest non-
haematological side-effects and appeared to be dose-
dependent or related to chronicity of toremifene thera-
py. Vertigo occurred in nine out of 26 (35%) patients, of
which three experienced moderate symptoms. Following
dose reduction of toremifene by one dose level the
symptom resolved in all cases. Three patients were
withdrawn because of non-haematological adverse
events: myalgia and fatigue (one patient), parasthesia
(one patient). One patient was withdrawn because he
developed a pyrexia considered to be vinblastine-in-
duced because it was temporally related to vinblastine
administration and was not associated with neutropenia
or infection. Dose delays were necessary in two patients
who were undergoing treatment for infection, although
the full blood count was normal in both cases.

Pharmacokinetics
Toremifene and N-demethyltoremifene

Serum concentrations of toremifene and its metabolites
at 4 h, following the third day of oral doses, are shown
in Fig. 1. Mean toremifene and DMT concentrations at
the highest dose level were 7.82 pM (SD 2.48, range
2.5 to 14.7 uM) and 5.13 uM (SD 1.78, range 1.8 to
9.0 uM), respectively. Toremifene and DMT levels were
both higher during the second cycle than the first, which
may be a result of variable drug absorption. This dif-
ference was significant in the case of DMT but not for
toremifene (P =0.001 and P =0.085, respectively,

Toremifene

L
4 owmr
B

Mean serum concentration (M)

420mg (n=9) 600mg, (n=6)

Dose level of toremifene

780mg (n=53)

Fig. 1 Mean serum concentration of toremifene (uM) and its
metabolites at each dose level (420 mg, 600 mg and 780 mg).
Samples were taken 4 h after administration of toremifene on day 3
of each cycle. n number of samples, bars standard deviation (SD)

unpaired Student’s t-test) reflecting the longer half-life
of DMT (14 days) compared with toremifene (5 days).
There was no significant difference between serum con-
centrations in the second and third cycles either for to-
remifene or DMT (P = 0.13 and P = 0.50, respectively,
unpaired Student’s z-test). When paired data for indi-
vidual patients were considered, toremifene and DMT
levels were again higher after the second than the first
cycle, although this was only significant for DMT
(P =0.01, paired t-test). Toremifene serum concentra-
tions were lower after the third cycle compared with the
second cycle (P = 0.006), while DMT remained un-
changed (P = 0.6, paired z-test).

o1-Acid glycoprotein

AAG was elevated in 15 out of 19 (79%) patients
studied (mean +SD 1.64 + 0.65 g/1 AAG, range 0.67
to 2.79 g/l). Elevated AAG might be expected to corre-
late with poor outcome because the higher the AAG the
less free toremifene is available for Pgp inhibition.
However, there was no correlation of AAG levels in
excess of 1.5 g/l (the concentration above which AAG
modulates the effect of toremifene on MDR in vitro)
with disease status (y°, P = 0.85). There was a tendency
for AAG levels to fall with successive treatments and for
patients with stable disease to have a lower mean AAG
level at each cycle than those with progressive disease.
The difference in serum AAG concentration between
patients with stable disease and progressive disease did
not reach significance during any of the four initial
cycles of treatment. When paired data for individual
patients were considered, the fall in AAG between the
first and second, and second and third cycles reached
significance (P = 0.0001 and P =0.02, respectively,
paired ¢-test; Fig. 2).

AAG (mg/ml)

Cycle 1 Cycle 2 Cycle 3
Fig. 2 Change in AAG concentration in individual patients for
cycles 1 to 2 (n = 14) and 2 to 3 (n = 8). x-axis cycle number, y-axis

AAG (mg/ml). AAG o,-acid glycoprotein
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Fig. 3 Effect of toremifene on rhodamine 123 retention by MCF-
7adr cells in vitro. Rhodamine 123 is a substrate for P-glycoprotein
(Pgp) and is quantified by measurement of the mean pixel intensity
(y-axis) of the cells. A high value indicates that the cell retains
rhodaminel23 (MCF-7 wild-type), whilst a low value demonstrates
that the cell actively excludes the substrate (MCF-7adr). Toremi-
fene (torem) was added to cells at four different concentrations
(5 uM, 10 uM, 20 uM and 30 pM) and was shown to partially
reverse the effect of Pgp in the multidrug-resistant cell line MCF-
7adr. Bars standard deviation (SD)

Rhodamine 123 uptake

At concentrations achievable in vivo, toremifene exhib-
ited the ability to inhibit efflux of the Pgp substrate
rhodamine 123 from MCF-7adr cells in vitro in a dose-
dependent fashion (Fig. 3). We were unable to demon-
strate complete reversal of rhodamine 123 efflux which,
at a toremifene concentration of 30 pM/, increased mean
pixel intensity of Adriamycin-resistant cells to approxi-
mately 50% of the MCF-7 wild-type value. This may be
due to the extremely high Pgp expression in MCF-7adr
cells as well as the potential action of other drug resis-
tance pathways not inhibited by toremifene. Addition of
normal human serum reversed the toremifene-mediated
inhibition of rhodamine 123 efflux. Serum derived from
four patients treated with toremifene had a variable
effect on rhodamine 123 efflux (Fig. 4). Serial rhodamine
123 uptake analysis performed in two of these patients
indicated MDR reversal was maintained for up to eight
cycles of toremifene.

Discussion

Therapeutic options for metastatic RCC are limited.
Although vinblastine exhibits cytotoxicity in animal
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models of RCC [14], response rates of more than 5% are
rarely seen in clinical trials of this drug as a single agent
or in combination chemotherapy. A possible explana-
tion for the resistance of RCC to chemotherapy is the
frequent finding of high expression of Pgp by these tu-
mours. Mdr-1 RNA was detectable in 80% of untreated
RCCs, with 25% of tumours having a level of expression
at least as high as in the drug-resistant cell line, KB-8-5
[11]. Toremifene was found to reverse MDR in vitro [16,
22, 29] and therefore this study was carried out to
evaluate the tolerability of toremifene in vivo.

Most pharmacokinetic studies of toremifene have
used a daily dosage schedule and measured steady-state
serum levels. In the phase I study reported by Kohler
et al. [18], the steady-state concentrations of toremifene
in two patients given 400 mg/day were 3.03 pg/ml
(5.07 uM) and 4.37 pg/ml (7.31 uM). In a study of to-
remifene in advanced breast cancer employing doses of
200, 300 and 400 mg/m? daily, the serum toremifene
Cmax were 2.79 pg/ml (4.66 pM) and 4.00 pg/ml
(6.85 pM) at 200 mg/m?/day and 300 mg/m-/day,
respectively. The values for the metabolite, DMT,
were 3.95 pg/ml (6.62 uM) and 5.42 pg/ml (9.28 uM),
respectively [4]. Prolonged treatment with high-dose
toremifene is poorly tolerated with gastrointestinal dis-
turbances, vertigo, ataxia and hypercalcaemia the most
common dose-limiting toxicities [4, 18]. In 7-day courses
toremifene doses up to 600 mg/day are well tolerated,
with serum concentrations of 4.9 uM achieved. Biopsies
taken from this patient group demonstrated high levels
of toremifene in normal lung (175 pmol/g) and lung
tumour (122.7 umol/g) specimens [21].

In the current study, short courses of high-dose to-
remifene were used to test whether it was possible to
achieve serum toremifene levels sufficient to reverse
MDR around the time of administration of vinblastine,
without inducing the unacceptable toxicity seen with
prolonged toremifene administration. There was a dose-
related increment in serum toremifene concentrations
over the dose range used. The mean serum toremifene
concentrations at the three dose levels were 3.13 pM,
4.55 uM and 7.82 uM, respectively (Fig. 1). Toremifene
was well tolerated at the top dose level of 780 mg daily
for 3 days, although 35% patients experienced vertigo
preventing further dose escalation. The toxicity of short-
course toremifene appears to be less severe than when
administered as a protracted daily dosing schedule. The
combination of toremifene and vinblastine in this study
had acceptable toxicity and was easily administered on
an outpatient basis with vinblastine doses comparable
with those used by others [9].

Only 1% of anti-oestrogens exist in the unbound
state in whole blood owing to extensive protein binding,
particularly to albumin. Approximately 2% are bound
to the acute phase protein, AAG [26]. High serum
concentrations have been shown to inhibit accumulation
of toremifene in a multidrug resistant MDA-MB-A-1
breast cancer cell line [31]. The intracellular concentra-
tion of toremifene fell by 85% when drug was added in
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Baseline AAG (mg/ml) 0.73 1.04 1.88 0.67
Mean serum
bremifens (M) 6.68 371 8.37 724
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Fig. 4 Effect of patients’ serum, before and after toremifene, on
rhodamine 123 retention by MCF-7adr cells in vitro. Rhodamine
123 retention is quantified by measuring the mean pixel intensity
(y-axis). All four patients received 780 mg toremifene. The post-
treatment results are presented as the mean value for all cycles of
treatment administered to that patient. The mean serum toremifene
concentration (uM), baseline AAG (mg/ml) and patient outcome
are shown. A4G o;-acid glycoprotein, bars standard deviation (SD)

100% serum compared with when it was added in 5%
serum. In 5% serum, 2.0 pM toremifene was sufficient to
reverse MDR. However, in 100% serum, the effect of
high protein binding was overcome by increasing the
concentration of toremifene to 10 pM. When AAG is
added to growth medium of a multidrug resistant Chi-
nese hamster ovary cell line (CHO-Adr") enhancement
of drug sensitivity by anti-oestrogens is attenuated [6].
At an AAG concentration of 1.5 g/l the chemosensitis-
ing effect of toremifene is nearly abolished. These studies
suggest that a toremifene concentration of at least
10 pM is required in vivo to overcome the effects of
protein binding. The mean concentration of toremifene
plus DMT at the highest dose level in the present study
was 13 puM. It is likely that toremifene is one of the few

drugs used for MDR reversal which is tolerated at doses
known to be therapeutic, based on the concentrations
required to reverse MDR in vitro. The serum concen-
trations of toremifene attained in this study were suffi-
cient to reverse MDR in some patients as measured by
rhodamine 123 efflux in vitro. Inter-patient variability in
MDR reversal may, in part, have been due to differences
in serum AAG (Fig. 4). The cause of the fall in AAG
levels with successive cycles of treatment is not clear. It is
possible that the drug combination affected tumour cy-
tokine production and, whilst not producing clinical
responses, indirectly affected acute phase proteins such
as AAG.

To assess the role of protein binding of toremifene
fully it is necessary to measure free toremifene concen-
trations. This has not been possible to date because to-
remifene is adherent to membranes used for separation
of free and bound drug during equilibrium analysis.
DeGregorio et al. investigated the chemosensitising
activity of unbound plasma toremifene. Plasma from
patients treated with toremifene sensitised doxorubicin-
resistant MCF-7 cells, and the degree of sensitisation
correlated with the dose of toremifene taken by the



patient [7]. Adequate serum levels for MDR-reversal
following treatment with toremifene therefore appear to
be clinically achievable and, despite poor aqueous sol-
ubility and extensive protein binding intra-vascularly,
previous studies have shown that toremifene accumu-
lates in both normal and tumour lung tissue [21]. To-
remifene concentrations in renal cancer cells are not
known. It is possible that mdr-1 is so highly expressed in
some renal tumours that inhibitory concentrations can-
not be achieved in vivo or that alternative pathways for
drug resistance exist.

An effective treatment for advanced RCC has proved
elusive as the disease appears to be refractory to con-
ventional cytotoxic chemotherapy. Further understand-
ing of drug resistance pathways may lead to the
development of new inhibitors. The response to cyto-
toxic drugs might be improved by the simultaneous use
of two or more MDR modifiers. Combinations of MDR
inhibitors with differing mechanisms of action are wor-
thy of further clinical evaluation in order to exploit
synergy and reduce toxicity.
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