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Aims The aim of this study was to determine the pharmacokinetic parameters of
flutamide, a nonsteroidal antiandrogenic compound, and its pharmacologically active
metabolite, hydroxyflutamide, in renal insufficiency. Haemodialysis (HD) clearance
of flutamide and hydroxyflutamide was also determined.
Methods Pharmacokinetic parameters were assessed for flutamide and hydroxyfluta-
mide in 26 male subjects with normal renal function (creatinine clearance by 24 h
urine collection, CLcr, greater than 80 ml min−1 1.73 m−2; n=6) or reduced renal
function; CLcr=50–80 (n=7), 30–49 (n=3), 5–29 (n=4), and <5 ml min−1

1.73 m−2-HD (n=6), following a single, oral 250 mg flutamide dose. Subjects
undergoing HD received a second 250 mg dose of flutamide 4 h prior to HD; blood
and dialysate were collected during HD to determine dialysability of flutamide and
hydroxyflutamide.
Results Cmax, tmax, AUC, t1/2, and renal clearance of flutamide and hydroxyflutamide
did not differ between groups. Less than 1% of the dose appeared in dialysate as
hydroxyflutamide. No serious adverse events were observed.
Conclusions Renal function did not affect flutamide nor hydroxyflutamide dispo-
sition. HD did not alter hydroxyflutamide pharmacokinetics. Dosing adjustments for
renal impairment or HD are not indicated for flutamide.
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Introduction Methods

Subjects and study designFlutamide is a nonsteroidal, toluidine derivative which
possesses antiandrogenic effects and is efficacious for

This was a single-dose, parallel group study involving 26
palliative treatment of metastatic prostatic cancer [1, 2].

male subjects with varying degrees of renal function based
Flutamide is readily absorbed from the gastrointestinal

upon 24 h creatinine clearances (CLcr) normalized for
tract and rapidly metabolized into an active metabolite,

body surface area. Subjects in Group I had normal renal
hydroxyflutamide [3–5]. Both flutamide and hydroxy-

function (CLcr >80 ml min−1 1.73 m−2) while those in
flutamide are highly protein bound (>94%) and are

Groups II, III, and IV had mild (CLcr=50–80 ml
eliminated from the body, in part, by renal excretion.

min−1 1.73 m−2), moderate (CLcr=30–49 ml min−1

Given the potential for drug accumulation in patients
1.73 m−2), and severe (CLcr=5–29 ml min−1

with reduced renal function, this study was undertaken
1.73 m−2) renal impairment, respectively. Subjects in

to evaluate the pharmacokinetics of flutamide and
Group V had a CLcr less than 5 ml min−1 1.73 m−2 and

hydroxyflutamide in subjects with reduced renal
received chronic, outpatient haemodialysis treatments

function. Additionally, the dialysability of flutamide and
thrice weekly.

hydroxyflutamide was determined in subjects undergoing
The study protocol was reviewed and approved by the

chronic hemodialysis to establish whether dosage
Institutional Review Board at our facility. All subjects

supplementation would be indicated in this patient
gave written informed consent. Each subject underwent

population.
a complete physical examination and provided a medical
history within a 2 week period prior to entering the
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antibody and hepatitis B surface antigen titres, and a urine column with electron capture (63Ni) detection. The
respective linear ranges for flutamide and hydroxyflutamidedrug screen were obtained. Individual subjects were

grouped according to their creatinine clearance values in plasma were 2.0–300 ng ml−1 and 2.0–800 ng ml−1;
in urine, were 3.0–500 ng ml−1 and 3.0–1200 ng ml−1;quantitated by 24 h urine collections. Subjects were

excluded from study participation if they had clinically and in dialysate were 3.0–500 ng ml−1 and
3.0–1200 ng ml−1. Precision and accuracy data forsignificant cardiovascular, respiratory, haematologic, gas-

trointestinal, or hepatic disease. Likewise, renal flutamide and hydroxyflutamide assays in plasma, urine
and dialysate demonstrated intraday coefficients of vari-insufficiency in Group II-V had to be stable (unchanged

in previous 3 months). Any infectious disorders within ation (%CV) less than 15% over a concentration range of
10 to 1000 ng ml−1 (%CV range [flutamide] 2–12%the 4 weeks prior to study enrolment excluded potential

participants. Illicit drug use or a history of narcotic plasma, 1–6% urine, 2–8% dialysate; %CV range
(hydroxyflutamide) 3–14% plasma, 2–11% urine, 1–4%addiction excluded subjects as did allergies to antiandro-

gens, oestrogens, and flutamide. Subjects with positive dialysate). The level of quantitiation (LOQ) values for
flutamide and hydroxyflutamide were the same withinHIV or hepatitis B surface antigen titres were excluded.

Each subject in Groups I-IV received an oral, 250 mg each matrix: 2.0 ng ml−1 in plasma and 3.0 ng ml−1 in
urine and dialysate. Flutamide and hydroxyflutamidedose (two 125 mg capsules) of flutamide (Schering-Plough;

Kenilworth, NJ). Haemodialysis subjects (Group V) concentrations in samples were determined by using the
ratio peak area of each analyte to that of the internalreceived the same dose on two different study days; once

immediately following a haemodialysis treatment (interdia- standard. Concentrations were calculated using the best
fit straight line relationship between concentration of thelytic period) and once 4 h prior to a haemodialysis

treatment (intradialytic period). The washout period analyte and the observed peak area ratio.
The maximum concentration in plasma (Cmax) wasbetween the inter- and intradialytic periods was 14 days.

Subjects were confined to the clinical research unit 12 h defined as the highest observed plasma concentration. The
terminal rate constant (lz) was calculated as the negativeprior to dosing and remained for 48 h following dosing.

All subjects fasted, with the exception of water, for 10 h of the slope of the log-linear terminal portion of the
plasma concentration-time curve using linear regression.prior to dosing and 4 h post-dose. Prescription medications

were also held for the same duration, pre- and post-dose. The terminal phase half-life (t1/2) was calculated as
0.693/lz. For hydroxyflutamide, area under the plasmaFor Groups I—IV, blood samples for flutamide and

hydroxyflutamide determinations were collected in hep- concentration-time curve to the time of final measurable
sample [AUC(tf)] was calculated using the linear trapezoidalarinized vacutainer syringes immediately prior to drug

administration (0 h) and then at 0.25, 0.5, 0.75, 1, 1.5, method and was extrapolated to infinity (I) according to
the equation: AUC(I)=AUC(tf)+Ctf/k, where Ctf is the2, 3, 4, 6, 8, 10, 12, 14, 16, 24, 30, 36, 48, 60, 72, and

96 h post-dose. Samples were centrifuged, cells discarded, estimated concentration at tf (time of final sample).
AUC(0, 24 h) and AUC(0,96 h) were also calculated usingand plasma frozen at −20° C. Urine samples were

collected just prior to drug administration (0 h) and then the linear trapezoidal method. For all groups except Group
V, renal clearance was calculated as CLR=Ae(0,in block samples at 0–4, 4–8, 8–12, 12–16, 16–24,

24–36, 36–48, 48–72, and 72–96 h following dosing. 96 h)/AUC(0,96 h) where Ae was the amount of flutamide
or hydroxyflutamide excreted in the urine from 0–96 h.To evaluate intradialytic pharmacokinetic parameters in

Group V, venous samples were drawn immediately prior In haemodialysis patients, renal clearance of hydroxy-
flutamide was calculated as follows: CLR=Ae(0,to dose administration (0 h) and then at 0.5, 1, 2, and 3 h

post-dose. Arterial and venous samples were then collected 48)/AUC(0,48 h), where Ae was the amount of hydroxy-
flutamide excreted in urine for the given interval.at the start of dialysis (4 h post-dose) and at 5, 6, 7, and

8 h or the end of the dialysis treatment. Venous blood Clearance of hydroxyflutamide following haemodialysis
[CL(HD)] was calculated as follows: CL(HD)=samples were also collected at 8.16, 8.33, 8.5, 8.75, 9, 10,

12, 14, 16, 24, 30, 36, and 48 h post-dose. Dialysate was Ae(HD)/AUC(HD), where Ae(HD) was the amount of
hydroxyflutamide recovered in the dialysate duringcollected, pre- and post-filter, prior to the start of

hemodialysis (0 h) and then in block samples at 0–1, 1–2, haemodialysis, and AUC(HD) was the area under the
arterial plasma concentration-time curve during2–3, and 3–4 h after dialysis was initiated.
haemodialysis.

Analytical procedures and pharmacokinetic analysis
Results

Concentrations of flutamide and hydroxyflutamide were
measured in plasma, urine, and dialysate samples with a Twenty-six subjects between the ages of 18 and 75 years

(mean=54) were enrolled and completed the study.gas chromatograph equipped with a DB17 mega-bore
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Table 1 Mean demographic data for subjects grouped by stage of renal disease.

Age (years) Weight ( lb) Height ( in) Creatinine clearance
Group Number Mean %CV Mean %CV Mean %CV Mean %CV

I 6 57.5 16 180.3 15 68.1 5 101.8 12
II 7 56.1 28 164.5 16 67.9 2 65.3 17
III 3 46.0 21 171.6 18 70.3 5 38.3 20
IV 4 50.8 38 183.4 25 67.5 2 21.0 18
V 6 54.7 8 165.3 20 67.5 3 0.8 122
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Figure 2 Mean plasma concentration-time profiles of hydroxy-Figure 1 Mean plasma concentration-time profiles of flutamide
flutamide in subjects with varying stages of renal failure followingin subjects with varying stages of renal failure following
administration of a single 250 mg dose of flutamide. % group 1,administration of a single 250 mg dose of flutamide. % group 1,
$ group II, 1 group III, , group IV, # group V.$ group II, 1 group III, , group IV, # group V.

Demographic profiles of all participants are presented in flutamide in their plasma on the dialysis day. No flutamide
and less than 1% of the dose was recovered asTable 1. No serious adverse events were reported.

Nineteen of 26 subjects reported one or more minor hydroxyflutamide in dialysate. Mean pharmacokinetic
parameters of flutamide and hydroxyflutamide are summa-adverse events during the course of the study. These

adverse events were single occurrences, mild in nature, rized in Table 3.
and did not require medical intervention. Dizziness
(15%), fatigue (12%), and headache (12%) were the most

Discussion
frequently experienced adverse events. One subject
experienced an increase in lactic dehydrogenase (LDH) Following a single, oral 250 mg flutamide dose in subjects

with normal as well as impaired renal function, nofrom a pre-dose concentration of 144 IU l−1 to
237 IU l−1 at follow-up (normal range: 85–220IU l−1) clinically meaningful differences in the incidence, fre-

quency, or severity of adverse events were noted amongwhich was considered to be possibly related to flutamide
administration. the subjects based on degree of renal dysfunction.

Given the high variability in the mean data and theConcentration vs time relationships for flutamide and
hydroxyflutamide are illustrated in Figures 1 and 2. The inability to detect flutamide in the majority of subjects

beyond 4 h post-dose, rigorous pharmacokinetic analysismean pharmacokinetic parameters of flutamide and
hydroxyflutamide are shown in Table 2. In the majority of fluatmide concentrate could not be performed. The

urinary excretion of flutamide was also highly variable.of subjects, plasma concentrations of flutamide could not
be determined beyond 4 h post-dose and high variability The small amount of drug excreted in the urine (<1%

of the dose) illustrates that renal clearance of thisin the mean data was present in all groups.
Two weeks after the initial 250 mg dose of flutamide, compound does not represent a significant elimination

route.subjects in Group V received a second 250 mg dose.
Following the 4 h blood collection after the second dose, Less variability was observed with the hydroxyflutamide

data. The degree of renal impairment did not alter Cmax,hemodialysis was initiated for 2–4 h. Only two subjects
out of six demonstrated appreciable concentrations of tmax, or AUC values for hydroxyflutamide. The terminal
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Table 2 Summary of mean pharmacokinetic parameters following single administration of 250 mg flutamide.

Group I (n=6) Group II (n=7) Group III (n=3) Group IV (n=4) Group V (n=6)
Parameter Mean %CV CI Mean %CV CI Mean %CV CI Mean %CV CI Mean %CV CI

Flutamide
Cmax 53.4 114 0–129.3 20.9 78 5.8–36 41 74 0–115.5 44 98 0–112.7 81 120 0–181.7
tmax 1.4 74 0.1–2.6 1.7 63 0.7–2.7 2 49 0–5.2 1 78 0–3.2 1 24 0.6–1
AUC (0, 24 h) 96.4 71 0–205.7 59.8 46 0–127.9 98 85 0–840.7 107 42 0–217 217 153 0–628.7
AUC (0, 96 h) 96.4 71 0–205.7 59.8 46 0–127.9 98 85 0–840.7 107 42 0–217 217 153 0–628.7
AUC (tf ) 75.8 92 0–162.1 32.5 82 7.9–57.1 74 94 0–244.4 79 72 0–169 179 174 0–504.2
tf 4.4 38 — 3.6 32 — 6 58 — 5 40 — 7 120 —
Ae 24.4 104 — 39 176 — 14 173 — 30 64 — 0 245 —
CLR 7.1 150 — 22.8 117 — 2 141 — 4 87 — 0 224 —
Ar (HD) NC NR — NC NR — NC NR — NC NR — 0 0 —

Hydroxy flutamide
Cmax 1070 33 696.4–1444.2 967 33 674.8–1258.8 902 17 527.6–1276.8 874 55 107.4–1640.4 869 19 697.5–1040.3
tmax 1.9 62 0.7–3.1 2.3 40 1.5–3.1 3 22 1.2–4.1 3 55 0.4–5.1 1 38 0.7–1.7
AUC (0, 24 h) 5132 18 4180.1–6082.9 4663 40 2926–6399.5 6166 10 4637.8–7694.5 5821 31 2940.3–8701.6 5434 25 4029.2–6839.4
AUC (0, 96 h) 5527 18 4462.5–6590.6 4993 42 3072.5–6913.5 6907 10 5219.9–8594.3 6499 24 4036.1–8961.9 5963 27 4268.8–7656.4
AUC (tf ) 5476 18 4419.7–6532.2 4928 42 3030–6825.1 6843 9 5235.2–8451.3 6435 24 3964.4–8906.6 5862 27 4196–7527.4
AUC 5527 18 4462.5–6590.6 4993 42 3072.5–6913.5 6907 10 5219.9–8594.3 6499 24 4036.1–8961.9 5963 27 4268.8–7656.4
tf 46 30 — 38.6 25 — 52 13 — 56 32 — 43 19 —
t1/2 7.3 32 4.9–9.77 7.1 32 5–9.2 8 16 4.9–11.3 9 46 — 8 22 6.4–10.4
Ae 118.3 27 — 88.3 36 — 132 26 — 92 36 — 5 124 —
CLR 0.36 27 — 0.3 11 — 0 31 — 0 37 — 0 113 —
Ar (HD) NC NR — NC NR — NC NR — NC NR — 1.2 41 —
CL (HD) NC NR — NC NR — NC NR — NC NR — 21 17 —

Cmax (ng ml−1) Maximum plasma concentration. tmax (h) Time of maximum plasma concentration.

AUC (0, 24 h) (ng ml−1 h) Area under the plasma concentration-time curve from time zero to 24 h.
AUC (0, 96 h) (ng ml−1 h) Area under the plasma concentration-time curve from time zero to 96 h.
AUC (tf ) (ng ml−1 h) Area under the plasma concentration-time curve from time zero to final measurable sample.
AUC (ng ml−1 h) Area under the plasma concentration-time curve from zero time to infinity.

(tf ) (h) Final time point in terminal phase. t1/2 (h) Terminal phase half-life.

Ae (mg) Amount excreted in urine. CLR (ml min−1) Renal clearance.
Ar (HD) (mg) Amount recovered in dialysate during dialysis. CL (HD) (ml min−1) Clearance during haemodialysis.

NC Not calculated. NR Not reported.

%CV Coefficient of variation. CI 95% confidence intervals, analysis of variance only performed on Cmax, tmax, and AUC parameters.
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Table 3. Summary of mean pharmacokinetic parameters haemodialysis therapy when administered as a single oral
following single administration of 250 mg flutamide on dialysis 250 mg dose. While the effect of renal impairment on
day. the plasma pharmacokinetics of flutamide could not be

determined due to high intersubject variability, renal
Parameter Mean %CV

impairment had no significant effect on hydroxyflutamide
plasma pharmacokinetics. Based on plasma hydroxyflut-AUC (HD) 907.6 42
amide concentrations, dose reduction is not required inAr (HD) 1158 41

CL (HD) 21.4 17 patients with chronic renal insufficiency. Neither flutam-
k (HD) 0.2 44 ide nor hydroxyflutamide were significantly removed by
t1/2 (HD) 4.3 51 haemodialysis, making dosage supplementation after dia-

lytic therapy unnecessary.
AUC (HD) (ng ml−1 h), Area under the arterial plasma
concentration-time curve during haemodialysis.

The authors would like to thank Anita Goth for her assistance inAr (HD) (mg), Amount recovered in dialysate during haemodialysis.
manuscript preparation.CL (HD) (ml min−1), Clearance during haemodialysis.

k (HD) (h−1), Rate constant for elimination via haemodialysis.
t1/2 (HD) (h), Haemodialysis half-life. References
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