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Abstract Toremifene pharmacokinetics were compared tosis [19]. Toremifene is mainly metabolized by CYP3A4
ten healthy young men< 33 years) and elderly womenin the liver [5] to metabolites that are excreted predomi-
(< 65 years). A single oral 120-mg dose of toremifene wamantly in the feces [3]. The normal half-life, 6.2 days, is
given after an overnight fast and blood samples wepgolonged in patients with impaired hepatic function and
collected over 28 days. Serum levels of the parent drabortened in patients who are taking drugs that have
and the metabolites were determined; appropriate pharrpasduced hepatic enzyme induction [4], indicating that
cokinetic parameters were calculated and statistically eviler metabolic activity should be considered when toremi-
uated. Toremifene peak concentrations (average 640 ng/febe administration is contemplated.

were achieved at 3.5 h. The area under the curve (AUC) andMany patients with breast cancer are elderly; the mean
the apparent oral clearance were comparable in the yolwage at the time of diagnosis is 62 years, although women of
and elderly subjects. The half-life was prolonged (4.¢éhildbearing age may be susceptible to the malignancy [6].
versus 7.2 days) and the apparent volume of distributi®ince age has an influence on liver metabolism [7, 11, 17],
was increased (457 versus 627 1) in the elderly. The petlis study was undertaken to evaluate the effect of aging on
concentration of the main metabolitd-demethyltoremi- toremifene kinetics for consideration as to whether dose
fene was lower (159 versus 233 ng/ml) and the half-life wasljustment might be necessary for breast cancer patients.
prolonged (8.3 versus 19.1 days) in the elderly subjects, butThe drug was given orally to young men and elderly
the AUC values were comparable. The results suggest thhetmen, and multiple blood samples were drawn for up to
toremifene is distributed more widely in the elderly but tha828 days. The CYP3A4 and CYP2A6 activity of the study
its clearance is unaffected by age. It is concluded that thebjects was also measured using probe drugs to test
dosage requirement of the drug is unlikely to differ betweesmhether probe-drug metabolism could be useful in the
young and elderly subjects. estimation toremifene kinetics.
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Introduction _ o _ ) ) _
Toremifene pharmacokinetics was investigated in 20 healthy subjects,

Toremifene is a novel antiestrogen with clinically docuncluding 10 young men (19-33 years) and 10 elderly women (6574

. - . eqrs; Table 1). The subjects were defined as “healthy persons” if their
mented efficacy as an anticancer agent in breast Cance% ical histories and physical examinations showed no evidence of

acts as a competitive QntagoniSt at the_QStrqgen recepi@patic, renal, or cardiovascular disease. Laboratory tests including
blocking gene expression and cell proliferation [9], anebmplete blood counts, determinations of serum electrolytes and serum

displays an additional antitumor effect by inducing apoﬂjpids, liver- and kidney-function tests, urinanalysis, and ECGs, re-
vealed that the subjects were normal. The subjects were nonsmokers
and consumed alcohol occasionally. They had no continuous medica-
tion. All subjects had a normal physical condition.
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Table 1 Demographic characteristics of the subjects. Data represembups. However, non-transformegkx values were compared by the
mean values:SD (n = 10) Mann-Whitney nonparametric test. Statistical significance was ac-
cepted atP <0.05.

Young Elderly
Gender M =
Age (years) 24.44.4 66.9+ 3.1
Weight (kg) 77.8-11.6  67.3t9.7 Results
Height (cm) 180.442  159.3r4.7 o -
Body mass index (kg/@ 23.9+3.2 26.7:3.6 Clinical characteristics

The young men were robust as compared with the elderly

taken. A total dose of 120 mg toremifene was given as two 60-n§omen. The body mass index did not diverge (Table 1).
tablets to everyone. Venous blood samples for the assay of toremifér@oratory tests were normal in the subjects; however,
and its metabolites were taken before dosing and at 0.5, 1, 2, 3, 4, 6l aging process was reflected as a higher level of serum

égétzggezgag&?r?g?;fmsésl\?v}erzel}eaz:réc:dig d?r)]/: sgg v?/grséngt;oigz ?rxﬁtsgrfwi | cholesterol (6.6% 1.1 versus 4.2+ 1.0 mmolfl,
(=20°C) until analyzed. After the trial (on the 28th day) the routin <0.001), lower levels of serum albumin (384 1.3

liver-function tests were repeated. versus 427i 37 g/l, P< 0005) a.nd hemoglob'n
(137.6 = 6.2 versus 147.5t 7.7 g/l, P<0.005), and a
Bioanalytical methods tendency toward higher level of serum PIINP (401.1

versus 3.3t 1.0 pg/l; difference not significant). Toremi-

Concentrations of toremifene and its metabolitdsjemethyltoremi- .
fene and (deaminohydroxy)toremifene, were determined in serum b{ée e was well tolerated; no adverse event was reported. The

high-performance liquid chromatography (HPLC) method [4]. ThROStstudy laboratory tests (data not shown) revealed no
quantitation limit for each analyte was 10 ng/ml. The intra- andhange related to the drug. All participants completed the
interassay coefficient of variation generally ranged from 5% to 12%tudy.
at the concentration range of 0.01—1,0§/ml.

To evaluate the role of age on the hepatic isozyme activities, probe
dru.g.s metabolized by specific isognzymes were used. The CYP3pfharmacokinetic profiles
activity, reflected by the formation of monoethylglycinexylidide
(MEGX) at 15 min after lidocaine (1 mg/kg) infusion, was analyzegi . .. .
[12]. The intra- and interassay coefficients of variation were below 3%N€ Main pharm_aCOk'net'_C parameters of toremifene and
at the concentration of 310 ng/ml. The oral coumarin test was usedtfee two metabolites are listed in Table 2, and the serum

measure the activity of another isozyme, CYP2A6 [15], for elucidatiofoncentration-time profiles obtained for toremifene &hd

of the effect of age on the function of an isoenzyme that is n ; ; ; ;
influenced by other drugs [14]. The excretion of the metabolite ﬁemethyltoremﬁene are given in Fig. 1. The drug was

hydroxycoumarin into urine after oral administration (5 mg) Wagqua”y ab_sort_)ed in youn_g and _elderly_ subjects, the peak
measured. The intra- and interassay coefficients of variation for t@ncentration in serum being achieved in 3 h, and the AUC
duplicate analyses were below 2% at the 7-hydroxycoumarin conceralues did not diverge. The terminal half-life was prolonged
tra“ggrl?:nzglmﬁqin and total bilirubin content as well as the activitieg oung 4.2 days and elderly 7.2 dayB<0.01). The
of aspartate and alanine aminotransferase and of alkaline phospha arent volume of distribution was increased (young
were measured with the use of standard automatic analyzer technigdes( | and elderly 627 I[P <0.05), and the apparent oral
Serum procollagen aminoterminal propeptide (PIIINP), an indicator gfearance was comparable.
the fibrotic activity, was measured by an equilibrium-type radioimmu- The peak concentration of the major metabolite
nassay as described elsewhere [16]. Intra- and interassay coefficien : . .
variation were about 5% at all antigen concentrations. taé)'fnethyltpr.emlfe.ne appeared !n serum at 3 (_jays (me(_jlan)
after administration, with considerable variation occuring
Pharmacokinetic analysis from 8 to 144 h. The peak concentration was lower and the
half-life was prolonged in the elderly subjects. AUC values
Noncompartmental pharmacokinetic parameters were calculated \pgre comparable.

standard methods. The peak concentratiomafCand its time of ; ; _
occurrence (#ay) were taken by visual inspection of the data. The The peak concentration of serum (deaminohydroxy)tor

area under the serum concentration-time curve from time zero g9niféne appeared within 2 hin both groups after toremifene
infinity (AUC) was calculated with use of the linear trapezoidal rul@dministration. The peak and AUC values did not diverge
to the last nonzero concentration and extrapolated to infinity. The the groups. The half-life value could not be calculated.
terminal half-life ¢12) was calculated by In 2/ elimination rate

constant, which was determined by unweighted linear least-squares

regression analysis from the linear segment of the log concentratiqxge, toremifene elimination, and CYP3A4 and CYP2A6
time data. The apparent oral clearance (CL/F) was calculated Ytivities

division of the delivered dose by the AUC, and the apparent volume

of distribution (V/F) was calculated by division of the clearance by the

elimination rate constant. The aging process has a reducing effect on toremifene,
lidocaine, and coumarin metabolism. The toremifene half-
Statistical analysis life was prolonged with ager (= 0.674,P<0.001), cou-

marin hydroxylation was reduced € —0.661,P<0.01),

Demographic and pharmacokinetic data were summarized as gr .
mean values with standard deviations. One-way analysis of variar%iﬁ)d MEGX formation was delayed £ —0.648,P <0.001).

(ANOVA) was used to examine any differences found in logarithmi- The toremifene half-life was related to 7-hydroxycou-
cally transformed pharmacokinetic parameters between the two aparin excretion { = 0.490, P<0.05) and to MEGX



Table 2 Pharmacokinetic parameters of toremifeiegdemethyltor-
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area under the serum concentration-time cuive,half-life, CL/F

emifene, and (deaminohydroxy)toremifene. Data are given as meapparent oral clearanc¥y/F apparent volume of distribution)
valuest SD (Cmax Peak concentratiorimax time to reach Gax, AUC

Parameter Young Elderly One-way ANOWA
Toremifene:
Cmax (ng/ml) 630+ 192 652+ 125 R,18=0.3; P=0.60
tmax 3.1+1.9 3.9t21 F118=0.8; P=0.39
AUC (ug h mky) 40.8+14.7 49.5t17.8 R18= 16, P=0.23
t12 (days) 4.2-1.2 7.2+2.3 F1.18= 12.9;P = 0.002
CL/F (I/h) 3.3+1.0 2.7+0.9 Fi18=1.6; P=0.23
VIF (l) 457+176 627t 146 R18=5.9; P=0.03
N-Demethyltoremifene:
Cmax (ng/ml) 233t 65 159+47 F118=9.8; P =0.006
tmax () 77135 64+ 55 F.18=0.4; P=0.56
AUC (ug h mky) 95.6+32.4 109.5:55.0 R18=0.3; P=0.60
tu2 (days) 8.3t2.2 19.1+2.2 F1,18=11.8;P = 0.003
(Deaminohydroxy)toremifene:
Cmax (ng/ml) 52+ 16 48+21 F18=0.5; P=0.48
tmax (h) 1.8+0.6 2.0£05 F18=0.7;, P=041
AUC (ug h mky) 0.76+1.01 0.38£0.32 Ris=14; P=0.24
a Nonparametric Mann-Whitney test was performed tiqs values
Fig. 1 Serum toremifenecfr- LI -
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formation ¢ = 0.467, P<0.05), demonstrating thatprolonged (4.2 versus 7.2 days). The peak concentration of
although toremifene and lidocaine are metabolized by thee main metabolitdN-demethyltoremifene was decreased,
same isozyme, CYP3A4, the metabolic interrelationshgnd the elimination was delayed. The prolongation of
between toremifene and lidocaine was no better than thatemifene half-life observed in the elderly was due to the
between toremifene and coumarin, which is metabolized mcreased volume of distribution because oral clearance was
a different isoenzyme (CYP2AB6). unaltered. The decrease in peak concentration with unal-
tered AUC values noted for the main metabolite, which is
known to have anticancer activity, was associated with
delayed elimination in the elderly. These results suggest
that the elimination rate of toremifene at steady-state would
Pharmacokinetics studies of a new drug should inclutee comparable in young and elderly subjects.

subjects of the age and sex targeted by the drug [11]. Weln vitro, toremifene is mainly hydroxylated by the
investigated the effect of age on the pharmacokinetics G P3A4 isoform [5], and the change in liver metabolism
toremifene in young men and elderly women. The drug wéssreflected in the drug pharmacokinetics [4]. Our subjects
given orally because it is poorly water-soluble and, therewere healthy persons who were not taking any medication
fore, not suitable for intravenous administration. The dat smoking and whose alcohol consumption was scant.
show no age-dependent change in toremifene absorptibhey had clinically normal liver size and function and no
The distribution volume was increased with age, and tiséggn of heart failure. Metabolism of the probe drugs
apparent oral clearance was comparable. The half-life wipcaine by CYP3A4 and coumarin by CYP2A6 were

Discussion
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delayed with age. This suggests a diminished functiorthle volume of drug distribution with age contributes to the
capacity of the isoenzymes in vivo with age. Although thimcreased half-life of the drug. However, since the oral
laboratory tests were normal, elderly subjects had lowelearance did not differ significantly between the two
serum albumin and hemoglobin values, a high serugnoups, dose adjustments based on age alone do not appear
cholesterol content, and a tendency toward a higher PIlING be necessary in elderly patients.

concentration. This suggests that the associated “physio-

logical” alterations in oxygen supply, liver parenchyma,

protein synthesis, and other metabolic processes [11, 17],

together with age-induced changes in liver blood flow [15}4 ferences
and protein binding [2], must be noted in comparisons of

toremifene metabolism among young and elderly subjects. Abernethy DR, Greenblatt DJ (1983) Impairment of lidocaine
Other factors such as the differences in life-style, diet, and clearance in elderly male subjects. J Cardiovasc Pharmacol
physical activity between young and elderly may further, 5:1003-1006

! AN . . .. 2. Adir J, Miller AK, Vestal RE (1982) Effects of total plasma
influence the elimination of toremifene and its metabolites” ., .cniration and age on tolbutamide plasma protein binding.

with age. Clin Pharmacol Ther 31:488—493
A major problem in the investigation of drugs that have3. Anttila M, Valavaara R, Kivinen S, Mapa J (1990) Pharmaco-
potentially harmful effects on the reproductive organs of kinetics of toremifene. J Steroid Biochem 36:249—251

: : : Anttila M, Laakso S, Nyladen P, Sotaniemi EA (1995) Pharma-
young women is selection of the subjects. In general, youn‘b cokinetics of the novel antiestrogenic agent toremifene in subjects

and heallthy men have be_en used instead Of_Women- Care isyith altered liver and kidney function. Clin Pharmacol Ther
needed in the interpretation of results obtained from sub- 57:628-635

jects of opposite sex for the basic pharmacokinetic evallp- Berthou F, Dreano Y, Belloc C, Kangas L, Gautier J-C, Beaune P
ation. (1994) Involvement of cytochrome P450 3A enzyme family in the

. . . . major metabolic pathways of toremifene in human liver micro-
The interaction between gender and drug metabolism in ¢omes. Biochem Pharmacol 47:1883—1895

the elderly is a complex process. Experimental studies Cancer Society of Finland (1996) Cancer incidence in Finland
indicate that drug metabolism is more extensive in men 1992, Publication 54. Cancer Society of Finland, Helsinki, Fin-
than in women [8, 10]. Testosterone induces more enzyme land, pp 18-19

. - . Durnas C, Loi C-M, Cusak BJ (1990) Hepatic drug metabolism
protein synthesis than estrogen, which corresponds 10 'a n4 aging' Clin Pharmacokinet 19:359—389

variation in the activity of metabolizing enzymes. Thus, thes. Kamataki T, Maeda K, Shimada M, Kitani K, Nagai T, Karo R
sex difference in drug metabolism in the postmenopausal (1985) Age-related alteration in the activities of drug-metabolizing
phase is probably small [1]. Sex-related differences in the €nzymes and contents of sex-specific forms of cytochrome P450 in

: liver microsomes from male and female rats. J Pharmacol Exp
metabolism of some but not all drugs have also been - 520555 550

reported in humans [1,13]. The CYP3A subfamily partici-g kangas L (1990) Review of the pharmacokinetic properties of
pates in metabolism the of steroids testosterone and estra-toremifene. J Steroid Biochem 36:191-195 o
diol [20]. In vitro studies show that testosterone interacld. Kato R, Vassanelli P, Frontino G, Chesara E (1964) Variation in the

i ; ; activity of liver microsomal drug-metabolizing enzymes in rats in
more with toremifene metabolism by CYP3A4 than does relation to age. Biochem Pharmacol 13:1037—1051

estrogen [5]. This phenomenon may also occur in Vivo i} | oj c-M, Vestal RE (1988) Drug metabolism in the elderly.
humans. Thus, toremifene metabolism in young men was Pharmacol Ther 36:131—149
dependent on testosterone-induced CYP3A4 activity ahgl Oellerlich M, Raude E, Burdelski M (1987) Monoethylglycine-

competition for the enzyme-binding sites with the testoster- XYlidide formation kinetics: a novel approach to assessment of
. liver function. J Clin Chem Clin Biochem 25:845-853
one blood levels. We tested CYP3A4 activity by the MEG)f& OMalley K, Crooks J, Duke E, Stevenson IH (1971) Effect of age

test and found a significant prolongation with age. The and sex on human drug metabolism. BMJ 3:607—609
correlation between toremifene and lidocaine metabolism. Pelkonen O, Raunio H, Rautio A, Tagad# J, Lang MA (1993)

was not good, indicating that the probe-drug metabolism, Cr?éJTnzfri]” }}2&?%21"5‘;? SChSEHf‘Ct[gLStiﬁsl?ggEigu'zf%tion in mouse
although related to age, was not changed to the same extgnfe™ ™ A Kraul B Koj)(l) A v R, Pelkonen O (1992)

as that of toremifene. On the bgsi_s Of this observation, WE |nterindividual variability of coumarin 7-hydroxylation in healthy
may assume that CYP3A4 activity in young women is volunteers. Pharmacogenetics 2:227—233

comparable with or slower than but not faster than that #§. Risteli J, Niemi S, Trivedi P, Mantausta O, Mowat AP, Risteli L
young men. In young women, toremifene would compete (1988) Rapid equilibrium radioimmunoassay for the aminoterm-

- . L L inal tide for h t ]l Il . Clin Ch
with natural estrogen levels with CYP3A4 activity, which is g‘&fg‘i";}%‘ e for hdman fype T procofagen. &ih ~hem

less pronounced than testosterone competition in youriy Schmucker DL (1985) Aging and drug disposition: an update.
men. Consequently, toremifene elimination in young Pharmacol Rev 37:133-148
women would be within the ranges noted for young mef: Sherlock S, Bearn AG, Billing BH, Paterson JCS (1950) Splanch-

. nic blood flow in man by the bromsulfalein method: the relation of
and faster than those found in elderly women. Thus, a close peripheral plasma bromsulfalein level to the calculated flow. J Lab

follow-up of the clinical response to the therapy in young clin Med 35:923-932
patients is important for determination as to whether th@g. Wari AM, Huovinen RL, Laine AM, Martikainen PM, F&onen
require a |arger drug dose because of this active meta- PL (1993) Apoptosis in tort_amlfene-lnd_uce_d growth inhibition of
bolism human breast cancer cells in vivo and in vitro. J Natl Cancer Inst.
’ . . 85:1412-1418

In conclusion, we can say that the aging process has wrighton SA, Stevens JC (1992) The human hepatic cytochromes
an effect on toremifene pharmacokinetics. The increase in P450 involved in drug metabolism. Crit Rev Toxicol 22:1-21




