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Absence of hepatic enzyme induction in prostate
cancer patients receiving ‘Casodex’ (bicalutamide)
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The potential for hepatic enzyme induction by bicaluta-
mide (‘Casodex’) was assessed in an open study in pros-
tate cancer patients. A single, oral dose of antipyrine
1000 mg was given before and after 12 weeks’ bicaluta-
mide therapy [once daily 50 mg (n=7) or 150 mg (n=11)]
and its pharmacokinetics and metabolism were deter-
mined. Plasma or saliva samples were taken for the
measurement of antipyrine concentration. Urine samples
were assayed for antipyrine and its three major metabo-
lites. With bicalutamide 50 mg, plasma antipyrine con-
centrations were maximal between 2 and 4 h after
administration, declined in a log-linear manner and were
unaffected by bicalutamide therapy; with bicalutamide
150 mgq, saliva antipyrine concentrations were maximal
between 2 and 4 h, declined in a log-linear manner, and
were also unaffected by bicalutamide therapy. Antipyrine
half-life was 16.3% shorter after bicalutamide 50 mg
(p <0.05); a small decrease (13.5%) in half-life after bica-
lutamide 150 mg was not statistically significant. A small
reduction (18.6%, p < 0.05) in the AUC, for antipyrine was
noted after bicalutamide 150 mg. A statistically signifi-
cant reduction in antipyrine recovery was seen with the
lower bicalutamide dose (23.7%, p <0.05). The statisti-
cally significant changes were small in absolute terms
and showed no dose-response relationship. Bicaluta-
mide does not significantly induce the hepatic enzymes
responsible for antipyrine metabolism and has no
obvious potential for producing clinically significant drug
interactions due to enzyme induction.
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Introduction

Prostate cancer has become one of the most com-
mon malignancies in the male population world-
wide and in many countries of the Western
world it now represents the most frequent, newly
diagnosed cancer in men. In the European Commu-
nity in 1990, around 35 000 deaths were attributed to
prostate cancer annually and 95 000 new cases were
diagnosed per year.! More than 13% of all cancer
deaths in the US in 1994 were due to prostate cancer
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and 200000 new cases were diagnosed.” Between
50 and 60% of men with prostate cancer first present
with metastatic disease.’> Among the current thera-
peutic approaches to advanced prostate cancer is
the use of antiandrogens, either as monotherapy or
in combination with surgical or medical castration.*
Bicalutamide (‘Casodex’; ‘Casodex’ is a trademark,
the property of ZENECA Pharmaceuticals Ltd) is a
new potent non-steroidal antiandrogen for the treat-
ment of advanced prostate cancer.’

It is common for elderly patients to suffer from
more than one disease and therefore to require
more than one regular medication. The concurrent
use of several medications carries with it the risk of
drug interactions. It has been suggested that nilu-
tamide may directly inhibit cytochrome Psq activity
at therapeutic doses and alter the metabolism of co-
administered drugs.® Since bicalutamide has been
shown to induce hepatic microsomal drug metabo-
lizing enzymes in mice, rats and dogs (data on file,
ZENECA Pharmaceuticals Ltd), it was important to
study its potential for producing enzyme induction
when given in therapeutic doses to men with
advanced prostate cancer. As the profile of induc-
tion in the pre-clinical studies was similar to those
produced by phenobarbitone and dexamethasone,
antipyrine was considered an appropriate substrate
for investigating the effects of bicalutamide on
hepatic metabolism.” To determine whether bicalu-
tamide changed the hepatic metabolism of antipyr-
ine, the pharmacokinetics and metabolism of this
compound were determined before and at steady
state during treatment with bicalutamide. This tech-
nique is well established as a tool for the investiga-
tion of hepatic enzyme induction® and is further
discussed below.

Materials and methods

Subjects
Twenty-two male patients with advanced prostate
cancer, who were to receive treatment with bicalu-
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tamide, gave written informed consent and partici-
pated in this two-part study. In one part, 10 patients
received bicalutamide 50 mg once daily and, in the
second part, 12 patients received 3 x 50 mg once
daily; ages ranged from 58 to 87 years (mean 73.1
years) and body weight from 48 to 98 kg (mean
74.6 kg). No patient had a residual post-micturition
urine volume exceeding 20% of their normal blad-
der volume. No patient received concomitant treat-
ment with phenobarbitone or any other barbiturate,
or with phenytoin, carbamazepine, rifampicin,
cimetidine or omeprazole during the study. The
protocol called for all patients to have normal values
of biochemical liver function tests (bilirubin, aspar-
tate aminotransferase, alanine aminotransferase,
gamma glutamyl transferase) at entry, and for none
to change their consumption of alcohol, caffeine or
tobacco significantly during the study period.
Approval for the studies was obtained from the rele-
vant ethics committees.

Drugs

The drugs used were bicalutamide (bicalutamide
50 mg tablets for oral administration, ZENECA Phar-
maceuticals Ltd, Macclesfield, UK) and antipyrine
(water-soluble powder for oral administration,
Fluka Chemicals, Gillingham, UK).

Study design

This was an open, non-randomized study in which
patients who were already scheduled to participate
in clinical trials of bicalutamide for the treatment of
advanced prostate cancer agreed to have additional
tests performed during 48 h periods of hospitaliza-
tion. A single dose of antipyrine (1000 mg of pow-
der dissolved in 30 ml of water) was given to
patients on two separate occasions: once before
and once after 12 weeks of bicalutamide therapy
(either 50 or 150 mg once daily). Pharmacokinetic
and other parameters of antipyrine were deter-
mined to see whether its hepatic metabolism was
affected by bicalutamide (see below).

Patients receiving bicalutamide 50 mg had anti-
pyrine assayed in plasma and urine samples. Those
receiving bicalutamide 150 mg had antipyrine
assayed in saliva and urine samples. Blood and sal-
iva samples (as applicable) were collected both
before antipyrine was given, and 2, 4, 6, 8, 10,
12, 24, 30 and 48 h after its administration. Patients
were asked to collect and combine urine as follows:
in the 50 mg group before antipyrine was given and
0—4, 4-8, 8-12, 12-24, 24-36 and 36—48 h after
antipyrine administration; in the 150 mg group
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1 h before antipyrine was given and 0-24 and
24-48 h after antipyrine administration.

Blood samples (10 ml) were collected in tubes
containing anticoagulant. The blood was mixed
thoroughly and centrifuged. The plasma fraction
was transferred to plain sample tubes and frozen
immediately (—20°C) until assay. Saliva samples
(1.5-2.0 ml, stimulated by the patient chewing a
piece of polythene) were collected in plain tubes
and frozen immediately (—20°C) until assay. The
total volume of urine was recorded and 10 ml ali-
quots were transferred from each timed sample to
plain tubes and frozen (—20°C) until assay.

Plasma and saliva samples were used to deter-
mine antipyrine concentrations. Urine samples
were hydrolysed and assayed for antipyrine and
aglycones of its three major metabolites [4-hydroxy-
antipyrine (OHA), norantipyrine (NorA) and 3-
hydroxymethylantipyrine (HMA)].

Analytical techniques

Plasma samples were analyzed for antipyrine using
solvent extraction followed by reverse-phase HPLC
with UV detection (254 nm). The internal standard
added to plasma samples was 4-dimethylamino-
antipyrine. Plasma samples (1 ml) were basified with
0.1 M sodium hydroxide, extracted with dichloro-
methane (7 mb), then rotary mixed for 10 min and
centrifuged for 2 min (1000 r.p.m.) to separate the
phases. An aliquot of dichloromethane (5 ml) was
taken and evaporated to dryness using a stream of
oxygen-free nitrogen at room temperature. The dry
residue was taken up in a suitable volume of HPLC
mobile phase [pH 6.5, 0.05 M phosphate buffer:
acetonitrile (far UV grade) 85:15 v/v containing
1 ml/]1 hexylamine] and an aliquot of this was injec-
ted into a 5 um Hypersil C18 HPLC column. Chrom-
atographic separation was monitored using an UV
detector (254 nm).

Plasma antipyrine concentration was calculated
based on the peak height ratio of antipyrine to inter-
nal standard with reference to a standard calibration
curve. Control samples were extracted in parallel
with the test samples. Assay performance was mon-
itored by the inclusion of quality control samples
(prepared by spiking antipyrine into control human
plasma) in each analytical run. The limit of detection
of the assay was 0.1 ug/ml.

Saliva samples were analyzed for antipyrine by
reverse-phase HPLC with UV detection by a method
similar to that described for plasma and with the
same limit of detection. In this method, 0.5 ml of
saliva was basified with 0.5 ml of 0.1 M sodium
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hydroxide and 7 ml of dichloromethane. HPLC was
performed using a 5 um Hypersil C18 column.

Urine samples were analyzed for antipyrine and
the aglycones of its major metabolites, NorA, HMA
and OHA, following enzyme hydrolysis. Analysis of
all four compounds was by reverse-phase HPLC
with UV detection. Urine samples (0.5 ml) were
incubated overnight with 0.5 ml f-glucuronidase
solution, type H-1 (5000 Fishman units), at pH
4.5 in acetate buffer containing 8 mg of sodium
metabisulphite. Following incubation, 4-dimethyl-
aminoantipyrine was added to the samples as an
internal standard; sodium chloride 400 mg was also
added to each sample which was then extracted
with dichloromethane : hexane [(4:1) v/v, 5 ml] for
10 min. After centrifugation (1000 r.p.m., 2 min),
4 ml of the solvent was taken, blown to dryness
using nitrogen, then redissolved in methanol : ace-
tate buffer; an aliquot was injected onto a 5 um
Hypersil C18 HPLC column and eluted with pH
7.2, 0.05 M phosphate buffer:acetonitrile (far UV
grade) 90: 10 v/v containing 1 mg/l OHA. Chroma-
tographic separation was monitored using an UV
detector at a wavelength of 254 nm. The concen-
trations of antipyrine and its three major metabolites
were determined by use of a calibrated reference
curve as described for plasma (above).

Pharmacokinetic analyses

The plasma elimination half-life (#,) was calculated
by log-linear regression of the plasma antipyrine
concentrations. The area under the plasma concen-
tration—time curve up to 48 h (AUC, was calculated
by the linear trapezoidal rule. The area under the
curve to infinity (AUC,,) was calculated using the
equation:
AUC, + City ),

0.693
where C, is the concentration measured at 48 h and
b, is the half-life of the terminal elimination phase.
The apparent oral clearance (Cl/F) was calculated
as the ratio of the dose to AUC,,, while the apparent
volume of distribution (VDss/F) was calculated
from the product of the oral clearance and the mean
residence time (MRT). The MRT was calculated
using the equation:

AUC,, =

_ AUCG,
T AUMC,,
where AUMC,, is the area under the first moment

curve of the antipyrine plasma concentration-time
curve.

MRT

56 Anti-Cancer Drugs - Vol 7 - 1996

Urine concentrations were multiplied by urine
volumes to give recovery of each compound in mil-
ligrams. The total recoveries for the metabolites
were corrected for molecular weight and expressed
as a percentage of administered dose.

Statistical analysis

Paired t-tests were used to compare parameters
before and after bicalutamide therapy. The signifi-
cance level for total clearance and half-life of anti-
pyrine was considered to be p < 0.05; for secondary
endpoints tested post boc (AUC, volume of distri-
bution and urinary antipyrine metabolites), the sig-
nificance level was considered to be p<0.01.

Results

Four out of the 22 patients did not receive the sec-
ond antipyrine dose. One patient (150 mg group)
was found to have had high baseline liver function
test results while the remaining three (50 mg group)
did not receive antipyrine for the following reasons:
difficulty in obtaining blood samples; unwillingness
to continue; and by decision of the investigator.
Analyses are therefore based on seven patients in
the 50 mg group and 11 patients in the 150 mg
group.1

Mean plasma antipyrine concentrations during
the 48 h following oral administration of a single
antipyrine dose (1000 mg), before and after 12
weeks’ treatment with bicalutamide 50 mg once
daily, are shown in Figure 1(a). The pharmacoki-
netic parameters of antipyrine determined from
these plasma concentrations are shown in Table
1. Peak plasma antipyrine concentrations occurred
within 2 h of administration and were unaffected by
bicalutamide 50 mg therapy. The plasma concentra-
tion of antipyrine then declined in a log-linear man-
ner. Comparison of data before and after
bicalutamide showed values of C.x, AUC,, Cl/F
and VDss/F to be similar (p>0.05). However, the
difference in #, (16.3%), although statistically sig-
nificant, was small and not clinically relevant; a
similar change in #, (13.7%) after 150 mg of bica-
lutamide was not statistically significant and demon-
strated that this effect was not dose-related.

Mean saliva antipyrine concentrations during the
48 h following oral administration of a single dose
of antipyrine (1000 mg), before and after 12 weeks’
treatment with bicalutamide 150 mg once daily, are
shown in Figure 1(b). The pharmacokinetic para-
meters of antipyrine determined from these saliva



concentrations are shown in Table 1. Peak saliva
antipyrine  concentrations normally  occurred
between 2 and 4 h after administration, although
in some cases the peak occurred at 6 or 12 h. The
saliva concentrations are shown in Table 1. Peak
saliva antipyrine concentrations normally occurred
between 2 and 4 h after administration, although in
some cases the peak occurred at 6 or 12 h. The
saliva concentration of antipyrine then declined in
a log-linear manner. Comparison of data before and
after bicalutamide showed values of C .y, 44, Cl/F
and VDgg/F to be similar (p>0.05). However, the
small difference in AUC,, (18.6%), although statis-
tically significant, was not clinically relevant; a simi-
lar affect in AUC,, (16.7%) observed after 50 mg of
bicalutamide was not statistically significant and,
again, demonstrated a lack of dose-relationship.
The mean percentages of antipyrine dose recov-
ered in urine as antipyrine and the aglycones of its
metabolites before and after 12 weeks’ treatment

30 — —— Before 'Casodex’
--- After ‘Casodex’

“1d

Concentration (pg/ml)

T 17T
4 6 8 10 12 24 30 48
Time (h) post-dose
(a)
30 | — Belore 'Casodex’ at entry
- - - Aher 12 weeks of ‘Casodex'

Conoentration (pg/ml)

Time (h) post-dose
(b)

Figure 1. (a) Mean (+SD) plasma antipyrine concentra-
tions before and after bicalutamide 50 mg once daily for
12 weeks. (b) Mean (+ SD) saliva antipyrine concentra-
tions before and after bicalutamide 150 mg once daily for
12 weeks.
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with bicalutamide are shown in Table 2. In neither
dosage group were there statistically significant dif-
ferences between urinary recovery of antipyrine
metabolites before and after bicalutamide therapy.
Although recovery of antipyrine itself was reduced
to a statistically significant extent after bicalutamide
treatment in the 50 mg group, the magnitude of the
change was small (23.7%) and, accounting for only
3% of the dose, was clinically unimportant. There
was no significant change in antipyrine recovery
after bicalutamide 150 mg.

There were no adverse events considered to be
serious during the 12 weeks of the present study in
either bicalutamide dosage group. Tolerability of
bicalutamide was typical for this patient population
and consistent with that found during review of the
whole bicalutamide safety database.’

Discussion

Antipyrine has become the most commonly used
probe for studying the effect of drugs on oxidative
metabolism; metabolite profiles provide evidence
that inducers have differential effects on cyto-
chrome P45, enzymes.® Antipyrine is cleared almost
entirely by hepatic metabolism and production of
the three metabolites measured in the present study
involves a number of P45, enzymes of the mixed
function oxidase family, the activity of which can be
increased by various types of enzyme inducer.!%12
For example, total antipyrine clearance is increased
on average by 91% after phenytoin and by 61% after
carbamazepine, and individual increases correlate
well with mean plasma concentrations of the anti-
epileptic drug."

It is therefore essential to study the metabolites of
antipyrine in assessing the possible impact of a drug
on its metabolism, as there may be a change in the
balance of the metabolites (reflecting selective
induction of certain enzymes) without a change in
the overall clearance of antipyrine itself.

Previous studies of the saliva:plasma concen-
tration ratio of antipyrine have confirmed that phar-
macokinetic parameters of antipyrine can be satis-
factorily established on the basis of salivary data;'*
since saliva plasma ratios are routinely below 1, this
leads to somewhat higher estimates of volume of
distribution and clearance than obtained from
plasma antipyrine data. This observation fits well
with the data provided by the present study.

In the group that received bicalutamide 150 mg
once daily, the decrease in the AUC . of antipyrine,
although statistically significant at the 5% level, was
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Table 1. Pharmacokinetic parameters of antipyrine before and after 12 weeks of

therapy with bicalutamide 50 mg (plasma
mide 150 mg once daily (saliva samples;

samples; seven patients) and bicaluta-
11 patients)

Parameter Before After
mean SD mean SD
Bicalutamide 50 mg
Crmax (1g/ml) 22.6 27 21.4 4.0
b, (h) 13.5 5.2 11.32 3.5
AUC,. (ug/h/ml) 468 121 390 67
CI/F (1/h) 2.25 0.5 26 0.5
VDss/F ()) 425 8.0 428 5.9
Bicalutamide 150 mg
Crmax (1g/ml) 19.2 4.0 16.4 5.4
t,, (h) 16.0 4.5 13.8 3.6
AUC,, (ug/h/ml) 411 118 335°% 99
CI/F (1/h) 27 0.9 3.2 0.8
VDss/F () 60.3 15.3 64.5 17.9
3 p<0.05.

Table 2. Mean urinary recovery (% of d

ose) of antipyrine and its metabolites

before and after 12 weeks of therapy with bicalutamide 50 mg (n=7) and bica-

lutamide 150 mg once daily

Parameter Before After
mean SD mean SD
Bicalutamide 50 mg
antipyrine 3.8 1.4 2,92 1.2
NorA 11.5 4.2 8.3 11
HMA 10.1 4.1 8.9 2.6
OHA 211 4.8 22.3 5.4
Bicalutamide 150 mg
antipyrine 2.3 1.1 2.4 1.3
NorA 10.9 4.1 9.1 2.5
HMA 8.6 3.0 7.7 2.4
OHA 13.2 43 18.3 6.1
8 p<0.05.

not considered to be clinically relevant. This para-
meter was used in the calculation of clearance, for
which the change fell short of statistical signifi-
cance. The magnitude of the change in both para-
meters, about 20% of the baseline value, is
considerably lower than those produced by the
few clinically important enzyme inducers (rifampi-
cin, phenobarbitone, phenytoin, carbamaz-
epine)”'#'315 and unlikely to be of any clinical
significance.

The changes in antipyrine pharmacokinetics
observed with bicalutamide 150 mg were compar-
able to those noted after bicalutamide 50 mg. Thus,
even a 3-fold increase in daily dose of bicalutamide
(resulting in a 2.1-fold increase in steady-state
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plasma concentration of bicalutamide from
11.0+3.4 ug/ml at 50 mg to 23.3+8.3 ug/ml at
150 mg) was below the threshold required to man-
ifest induction of hepatic mixed function oxidases in
man, suggesting that bicalutamide does not have a
potential for drug interactions. In over 3500 patient
exposures to date, no evidence of hepatic drug
interactions was seen with bicalutamide.

The impetus for the present study was the pre-
clinical observation that bicalutamide induced
hepatic microsomal drug-metabolizing enzymes in
mice, rats and dogs. However, these studies were
conducted using toxicological dose levels and it is
not unusual to demonstrate the absence of enzyme
induction in humans after animal studies had indi-



cated some enzyme-induction potential.” The anti-
pyrine test has been used successfully before to
demonstrate the absence of enzyme induction in
humans after animal studies had suggested possible
enzyme induction.'® There is no clinical evidence to
suggest that the other non-steroidal antiandrogens
in clinical use can induce hepatic drug-metabolizing
enzymes.

There were no serious unexpected adverse
events possibly or probably related to bicalutamide
in the present study and this reflects the general
clinical experience to date. An overview of safety
data from over 3000 patients treated with bicaluta-
mide monotherapy in clinical trials showed that the
most commonly reported adverse events were those
expected with an antiandrogen (gynecomastia,
breast tenderness and hot flushes); adverse events
were not dose related. There was a low incidence of
gastrointestinal events and only 0.3% of patients in
the whole clinical trial programme had to be with-
drawn because of changes in liver function; there
were no clinically significant changes in mean liver
function tests.’

Conclusions

The present study has demonstrated that bicaluta-
mide therapy (50 or 150 mg daily) did not appre-
ciably alter either the pharmacokinetics of
antipyrine or its metabolic fate, indicating that bica-
lutamide has no significant effect on the hepatic
enzyme systems involved in the metabolism of the
probe substrate, antipyrine.

Bicalutamide, a potent non-steroidal antiandro-
gen, does not appear to induce hepatic enzymes
significantly and is not considered to have any
obvious potential to cause drug interactions related
to hepatic enzyme induction.
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