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Abstract

Objectives: To study whether ageing affects the pharmacokinetics of estradiol valegdpdiEmedroxyprogesterone acetate
(MPA) in postmenopausal womeklethods: Forty-six postmenopausal women from two essentially similar pharmacokinetic
studies were divided into three age categories: under 60 yeatsl’), between 60 and 65 years £ 18) and over 65 years
(n = 13). They all were treated for 12 days or 14 days with four galenically identical tablets containing combinations of 1 mg or
2mg BV and 2.5 mg or 5mg MPA. The studies followed an open, randomised cross-over design with no washout between the
periods. Serum estradiol and MPA concentrations were measured at steady state on study day 12 or 14 of eddsyiesiod.
No statistically significant differences were observed in the peak concentr@ljgy),(time to peak ttay), AUC or elimination
half-life for estradiol or MPA between the different age groups. In spite of the lack of statistical significance the AUC was on an
average 1.6-fold anGmax 1.40-fold higher in the oldest group of women than in the youngest group and age was found significant
as a continuous variable for AUC afig,.« for MPA but not for estradiolConclusions: The results suggest that there would be no
significant changes in the pharmacokinetics of estradiol between women under 60 and over 65 years of age. However, a significant
trend towards higher MPA concentrations and bioavailability was observed with increasing age. The results suggest that from the
pharmacokinetic point of view the relationship between estradiol and MPA dose to be used in elderly could be different from that
in younger postmenopausal women, while no pharmacokinetic reasons to use lower estradiol doses in the elderly were observed.
© 2003 Published by Elsevier Ireland Ltd.
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1. Introduction ations in which the physician has to decide whether
to continue HRT in an elderly patient. The risks and
The increased use of postmenopausal hormonebenefits of HRT in women aged 65 or above have
replacement therapy (HRT) frequently leads to situ- not been studied as thoroughly as in younger post-
menopausal women but HRT has been suggested to
"+ Corresponding author. Tel+ 358-9-471-75982: benefit also women of advanced postmenopausal sta-
mobile: +358-9-471-60330: fax:-358-9-471-75900. tus[1,2]. Therefore, counselling about HRT has been
E-mail address: asko.jarvinen@hus.fi (A. Jarvinen). recommended for all postmenopausal women and
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initiation of treatment may become actual even at an Table 1 _ _
older age[1]. In addition to the conventional indica- Baseline demographics of postmenopausal women in each age
tions of HRT, such as treatment of estrogen deficiency 9°UP (meant SEM.)

symptoms and prevention of osteoporosis, some fur- <60 years 60-65 years ~ >65 years
ther indications for HRT in older women might be  age (years) 551 0.7  62.9+ 04  67.9+ 2.0
found, such as treatment of urinary incontinence or Height (cm) 162.3+ 1.1 1623+ 1.5 155.84+ 0.9
recurrent urinary tract infectiorig,3]. Weight (kg) 629+ 22 692+22F 580+13

The elderly population is generally more suscepti- Body mass 239409 262405 238+ 05

ble to drug-related adverse effects and treatment with N index (kg/m?)
any drug is recommended to be started with a lower
dose[4]. In accordance, low-dose HRT regimens have
been suggested for women in late postmenopausal pe- . P'= 005 as compared to 60-65 years.
i s P < 0.05 as compared to >65 years.
riod [2,5]. Adequate symptom control and beneficial ~ d p < 005 as compared te60 years and >65 years.
effects on serum lipids, coagulation factors and bone
have been observed with lower estrogen and pro-
gestogen doses in younger postmenopausal women2. Methods
with even better bleeding control than with higher
dosed5-8]. However, it has not been studied whether 2.1. Subjects
lower estrogen doses would be sufficient for elderly
women in particular, or whether the pharmacokinetics  Forty-six postmenopausal women (age 50-73
of estrogens or progestogens would be changed byyears, weight 50-89kg, height 150-172cm, BMI
ageing. 19.8-30.5), participants of two essentially similar
If the many ageing-related physiological changes pharmacokinetic studies, were divided into three cate-
that may lead to altered absorption, distribution or gories according to their age: under 60 years, between
metabolism of a drug would be true also for com- 60 and 65 years or above 65 yearFalfle 1. They all
pounds used in HRT, low-dose HRT in elderly women had at least 1 month since previous estrogen or pro-
would be even more justifie@]. Although the liver gestogen therapy before the study. They had at least
content of cytochrome P450 enzymes does not seem3 years since their last spontaneous menstruation and
to alter with ageing, liver blood flow is reduced in the all had serum estradiol below 80 pmol/l and serum
elderly and this could decrease the clearance of drugsFSH above 36 U/l
with a high metabolic ratig9]. These drugs gener- Their medical history was reviewed and physical
ally have a high first-pass metabolic effect, which is status including gynecological examination was con-
evident with estrogens as a high conversion rate to es-trolled before the study. Some elementary laboratory
trone[10]. tests were analysed before and after the study. Known
High first-pass metabolism is observed also with contraindications for estrogen or progestogen therapy
progesterone and such metabolism is most likely formed the exclusion criteria. These exclusion criteria
shared by its derivatives such as medroxyprogesteroneconsisted of undiagnosed vaginal bleeding, thickness
acetate (MPA)[11,12] Furthermore, the clearance of endometrium more than 4 mm, history of menorra-
of the steroid hormone prednisolone was decreasedgia, recent blood donation, hepatosis during pregnancy
in postmenopausal women as compared with pre- and predisposition to vascular thrombosis. In addition,
menopausal womefiL3]. A change in the pharma- a history of serious hepatic, renal, cardiovascular or
cokinetics of either the estrogen or the progestogen mental disease or history of any malignancy, insulin
component of HRT in the elderly would lead to the dependent diabetes, asthma or drug allergy or prior
need of dose adjustment of both components. There-blood donation were included in exclusion criteria.
fore, we have compared the pharmacokinetics of The subjects were all non-smokers. Seven subjects had
estradiol valerate and medroxyprogesterone acetate inmedication for hypertension (four subjects metopro-
three different age groups of postmenopausal women lol, one verapamil, one felodipine, two enalapril and
at different dose levels. one atenolol), two subjects were treated with thyroxin

15 18 13

a8 P <0.05 as compared te60 years and 60-65 years.
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supplementation and one with pilocarpine eyedrops.

211

The linear concentration range for estradiol was

Occasional medication during the study consisted of 37-3670 pmol/l. The between-run precision ranged

cephalexin antibiotic course in one subject, topical

from 4.4 to 8.0% £ = 6) and the within-run preci-

miconazole treatment in one and vaginal metronida- sion from 3.1 to 10.1%n = 6). The accuracy was
zole in one subject, whereas one subject took some between—1.9 and+1.8%.

nitroglycerin tablets and one got a steroid injection in
shoulder and in total 15 subjects took some pain killer

(paracetamol, ibuprofen, ketoprofen, meloxicam, as-

pirin or diclofenac).

Serum MPA concentrations were determined by
liquid-chromatography—tandem mass spectrometry
(LC-MS/MS). MPA was extracted from 1 ml of serum
by liquid—liquid extraction ton-hexane:isobutanol

The subjects gave a written informed consent and (98:2). €H3)-MPA was used as the internal stan-
the study protocols were reviewed by the local ethics dard. The determinations were carried out by us-

committee and followed the guidelines of the Decla-
ration of Helsinki.

2.2. Study design

Two essentially similar pharmacokinetic studies

were performed. Both studies followed an open, ran-

ing the selected reaction monitoring technique.
The reactions followed were atvz 387 — 123
for MPA and atm/z 390 — 123 for H3)-MPA.
The calibrated range was 0.04-2.0ng/ml. The
between-run precision ranged from 3.5 to 7.7%
(n = 20-36) and the within-run precision from 1.9
to 19% @ = 6). The accuracy was betweenl.0

domised, cross-over design where the subjects wereand+3.0%.

treated with four galenically similar combination for-
mulations of estradiol valerate {&#) and medroxypro-
gesterone acetate tablets (IndiviheDrion Pharma,
Espoo, Finland) without a washout period between
the study periods. The combination formulations con-
tained: (1) 1mg EV and 2.5mg MPA; (2) 1 mg &/
and 5mg MPA; (3) 2mg g and 2.5mg MPA; and
(4) 2mg BV and 5mg MPA. The tablets were taken
once daily in the morning for 12 days or 14 days. On

2.4. Pharmacokinetic and statistical analyses

Peak serum estradiol and MPA concentrations
(Cmax), time to reach ittihax) and trough concentration
(Cmin) were read from individual time—concentration
data. Area under the time concentration curve from
zero to the last observation point (AUC®%) was
calculated according to the trapezoidal rule with

the 1st, 11th and 12th or on the 1st, 13th and 14th WinNonlin Professional, version 3.1 (Pharsight Cor-
study days the tablets were taken at the study site andporation, Mountain View, CA, USA). Apparent

the last dose after an overnight fast (10 h).

elimination half-life ¢1/2) was calculated from the

Venous blood samples were taken for serum estra- terminal slope if at least three sample points were on
diol and MPA measurements immediately before the the descending line of the time—concentration curve
study medication on the 1st and 11th or 1st and 13th and if the correlation coefficient for the terminal
study day of each period and before the dose and 1, slope was at least 0.95.

2,3,4,6,8,12 and 24 h after it on the 12th or 14th
study day of each period.

2.3. Analytical methods

The results of all parameters are summarised as
means with S.E.M. For statistics the logarithm trans-
formed AUC, Cnax and ty», were analysed using
analysis of variance for repeated measurements. The
statistical model included period, formulation and age

Serum was separated by centrifugation and the sam-by formulation interaction as fixed effects and sub-

ples were stored at20°C until analysis. Validated

ject as a random effect. Two separate analyses were

methods were used for the determination of estradiol performed in the first of which age was used as a
and MPA. Concentrations below the linear range were categorical variable and in the second as a continuous

reported as zero.

variable in the statistical model. Pairwise comparisons

Serum estradiol concentration was determined by between different age groups forax Were analysed

commercially available radioimmunoassay (RIA)
reagent kit (Sorin Biomedica Diagnostics, Italy).

using a non-parametric Mann—Whitnéy-test. The
level of statistical significance was set at arerror
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level of 0.05. SAS statistical software (SAS Institute women aged between 60 and 65 years had a slightly

Inc., Cary, NC, USA) was used in the analyses. higher body mass index than the groups of younger
or older women Table 1. However, the body mass
index also in this group was on an average within

3. Results normal limits. There were no differences in the num-
ber of concomitant diseases or the use of chronic

In general, trough estradiol and MPA concentra- medication between the groups.

tions did not differ between the 11th and 12th or

13th and 14th study days indicating that steady state 3.1. Estradiol

was reached and that the data of subjects from the

two different studies could be combined. However, a  There were no significant differences in the phar-

statistically significant difference in trough estradiol macokinetic parameters AUC, peak lev8l{y), time

concentrations was observed with both formulations to peak {max) or apparent elimination half-lifet{,o)

containing 1 mg EV but only in the group of women  of estradiol between the three age groups of post-

over 65 years with an increase of 10-12% of the value menopausal womefTéble 9. These results were simi-

on the latter day and with only one of the two formu- lar with both 1 and 2 mg estradiol doses combined with

lations containing 2 mg £/ in the group of women the lower or higher dose of MPA. However, the peak

between 60 and 65 years old. The postmenopausalestradiol level was slightly higher in women under 65

Table 2

Pharmacokinetic parameters of estradiol after 12 days’ or 14 days’ treatment in three different age groups of postmenopausal women with

four different combination tablets of estradiol valerate\([Eand medroxyprogesterone acetate in an open randomized cross-over study
(meant+ SE.M.)

Estradiol
<60 years § = 15) 60-65 yearsN = 18) >65 years f = 13)
AUC: ((pmolxh)/)2
1mg BV + 2.5mg MPA 2740+ 326 2635+ 301 2587+ 256
1mg BV +5mg MPA 2890+ 331 2503+ 278 2575+ 289
2mg BV + 2.5mg MPA 5191+ 485 4941+ 661 4510+ 495
2mg BV +5mg MPA 5341+ 727 4526+ 548 4687+ 542
Cmax (pmol/l)°
1mg BV +25mg MPA 163+ 15 146+ 13 143+ 12
1mg BV +5mg MPA 161+ 17 139+ 13 139+ 14
2mg BV + 2.5mg MPA 293+ 23 280+ 34 260+ 27
2mg BV +5mg MPA 310+ 36 251+ 26 263+ 29
tmax (h)°
1mg BV + 2.5mg MPA 5.5+ 0.6 524+ 0.8 5.2+ 0.9
1mg BV + 5mg MPA 45+ 05 44+ 0.6 46+ 0.6
2mg BV + 2.5mg MPA 5.7+ 0.5 4.1+ 0.6 5.3+ 0.9
2mg BV +5mg MPA 53+ 04 46+ 0.7 5.9+ 0.9
ty/2(h)
1mg BV + 2.5mg MPA 19.4+ 3.1 (N =12) 21.7+ 34 (N =9) 18.7+ 1.5 WV = 12)
1mg BV +5mg MPA 225+ 3.9 (N =14) 18.3+ 1.8 (N = 14) 192+ 21 (N=9)
2mg BV + 2.5mg MPA 17.7+ 34 (N =12) 17.8+ 1.2 (N = 16) 1474+ 1.2 (N =11)
2mg BV +5mg MPA 17.2+ 2.5 (N = 10) 19.94+ 1.8 (N = 12) 15.84+ 1.0 NV = 12)
a p=0.6539.
b p =0.4839.
¢ NS.

d p—07361.
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Fig. 1. Serum estradiol concentration (mea8.E.M.) at steady state in different age groups of postmenopausal women after a once daily
treatment of BV 1 mg+ MPA 2.5mg tablet (upper) and,E 2 mg+ MPA 5mg tablet (lower).

years of age which was observed also in the estradiol tically significant and the terminal slopes were parallel

concentration 6 h after the doskeid. 1). In addition,
t1/»> tended to be 2 h shorter in the oldest than in the
two younger groups but this difference was not statis-

in all groups Table 2andFig. 1).
Neither was any significant trend in the pharma-
cokinetic parameters observed when age was used as
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Table 3

Pharmacokinetic parameters of medroxyprogesterone acetate (MPA) after 12 days’ or 14 days’ treatment in three different age groups of
postmenopausal women with four different combination tablets of estradiol valerg® @8d MPA in an open randomized cross-over

study (meant SE.M.)

MPA
<60 years § = 15) 60-65 yearsN = 18) >65 years f = 13)
AUC; ((ngxh)/ml)?
1mg BV +2.5mg MPA 1.95+ 0.31 2.73+ 0.33 3.46+ 0.80
1mg BY +5mg MPA 4.59+ 0.66 5.19+ 0.50 7.224 1.61
2mg BV + 2.5mg MPA 2.16+ 0.42 2.86+ 0.46 3.37+ 0.75
2mg BV +5mg MPA 4.15+ 0.60 4,93+ 0.55 6.90+ 1.63
Crmax (ng/mly
1mg BV +2.5mg MPA 0.31+ 0.04 0.42+ 0.04 0.44+ 0.07
1mg BV +5mg MPA 0.604+ 0.07 0.68+ 0.06 0.88+ 0.13
2mg BV + 2.5mg MPA 0.32+ 0.04 0.41+ 0.06 0.45+ 0.08
2mg BV +5mg MPA 0.564+ 0.08 0.63+ 0.07 0.86+ 0.17
tmax (h)c
1mg BV +2.5mg MPA 1.8+ 0.2 1.3+ 0.1 15+ 0.1
1mg BV +5mg MPA 1.94 0.2 1.7+ 0.2 1.8+ 0.4
2mg BV + 2.5mg MPA 2.0+ 0.4 1.6+ 0.2 1.3+ 01
2mg BV +5mg MPA 174 0.2 1.4+ 0.2 1.8+ 0.2
ty2 ()
1mg BV +2.5mg MPA 6.1+ 2.5 (V = 6) 10.7+ 2.5 (v = 10) 8.8+ 2.1 (N=6)
1mg BV +5mg MPA 15.7+ 5.2 (N = 5) 123+ 0.9 (V = 9) 16.3+ 1.1 (V = 6)
2mg BV + 2.5mg MPA 46+ 13(N=7) 141+ 53N =7) 96+22N=7)
2mg BV +5mg MPA 10.1+ 1.8 (V = 10) 162+ 15 (N =7) 18.9+ 2.5 (V = 4)
a p=0.0621.
b p=0.0763.
¢ Mann-WhitneyU-tests, NS.
d p=0.1516.
a continuous variableP = 0.307 for AUC, P = 4. Discussion
0.2128 for Cmax and P = 0.1966 forty», respec-
tively. The pharmacokinetics of estrogens or progesto-
gens have not been studied in elderly postmenopausal
3.2. MPA women although they are becoming more likely to

receive HRT. Decreased clearance of prednisolone
No statistically significant differences were ob- in postmenopausal women as compared to pre-
served in the pharmacokinetic parameters for MPA menopausal women suggests that steroid hormone
between the age groups eithérable 3. However, metabolism could be altered by ageifigi3]. De-
the MPA levels in the oldest group of women were creased liver blood flow could cause a decrease in
on an average clearly higher than in the younger metabolism of drugs with a high first-pass metabolism
women Fig. 2. In the oldest group, also AUC was such as estrogens or progestifgs-12] Therefore
on an average 1.6-fold and peak level on an averagewe decided to analyse the results from two simi-
1.4-fold higher than those in women under 60 years lar pharmacokinetic studies comparing four similar
of age Table 3. Age was also significant as a con- estradiolvalerate and medroxyprogesterone acetate
tinuous variable for AUC P = 0.0231) andCpax combination tablets by dividing the subjects into three
(P = 0.0299) but not forty» (P = 0.1399). different age groups. It has to be pointed out that
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Fig. 2. Serum MPA concentration (meanS.E.M.) at steady state in different age groups of postmenopausal women after a once daily
treatment of BV 1 mg+ MPA 2.5mg tablet (upper) and,® 2 mg+ MPA 5mg tablet (lower).
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the studies were not particularly designed to study years are likely, and that dose adjustments in these age
age-related changes and that the number of subjects ingroups cannot be justified by pharmacokinetic reasons.
the present analysis was rather small. However, eachHowever, this does not exclude the need to individ-
subject received each dose of\Eand MPA twice, ualise the estradiol regimen and dose or to possibly
which increases the reliability of the observations use lower doses to avoid adverse drug reactions in the
although it does not increase the statistical power of elderly[1,5].

the study. The results suggest that MPA pharmacokinetics is

Regarding both estradiol and MPA, the pharma- affected by ageing since a significant trend was ob-
cokinetic parameters AU yax andtyax were on an served with increasing age in both AUC afghax.
average numerically almost identical within each age MPA concentrations were also clearly higher and AUC
group with the two periods at the same dose level. was 36—44% higher in the group of oldest women than
This suggests that the two drugs are reliably and in the youngest group although these differences did
reproducibly absorbed from the used formulations. not quite reach statistical significance. These results
Furthermore, when the dose of one drug substancesuggest that the relationship between the estradiol
was changed it did not affect the pharmacokinetic pa- and MPA dose to be used in elderly could be differ-
rameters of the other drug substance. Together theseent from that in younger postmenopausal women. In
results confirm our unpublished results which showed particular, the dose combinations with the lower MPA
that neither &V nor MPA affected the absorption doses could be suitable for women in more advanced
of each other from combination tablets. However, age.
this similarity could not be observed in elimination Lower estradiol and MPA doses of the combination
half-lives between the two treatments with the same formulation used in this study have been observed
dose. This most probably reflects the fact that the to be sufficient to control the menopausal symptoms
elimination half-life could not be very reliably mea- and to prevent bone loss in women under 65 years
sured due to few sampling points in the elimination of age[8,14—16] Bleeding control was better with
phase and due to endogenous estrogen productionlower estradiol doses than with higher do$@sl5].

For this reason more sophisticated pharmacokinetic Similar results have been obtained with lower doses
estimates such as volume of distribution were not of conjugated equine estrogens combined with lower
calculated. MPA doses in women of the same age gr¢ud.6].

For clinical purposes estradiol or MPA concen- However, bleeding control with the higher 2 mg\E
trations and AUC define the drug exposure of the dose was improved when it was combined to 5mg
patient and significant age dependent changes wouldMPA as compared to 2.5 mg MPA do§®15]. This
become evident in these parameters. No significant suggests that at least in these women under 65 years
differences were observed between the early or late of age this relationship between¥ and MPA doses
postmenopausal women in these parameters for estrawould be the most suitable for most women. The
diol. In fact, AUC was numerically even lower in trend towards higher bioavailability and higher serum
the oldest age group than in the group of youngest concentrations of MPA in older women suggests that
women. This is in contrast with decreased metabolic lower MPA doses might be sufficient in older women
clearance observed for another steroid hormone, even together with the higher 2mgyE dose if
prednisolone, in postmenopausal women as com- proven adequate in clinical studies. However, in clin-
pared to premenopausal womgiB]. However, the ical practice the doses ofbE and MPA must be de-
decreased clearance of prednisolone was restored tacided on clinical basis according to the needs of each
premenopausal level in one woman who received patient.

HRT. This would suggest that HRT might affect In conclusion, our results suggest that there would
the metabolism of steroid hormones, which was not be no significant changes in the pharmacokinetics of
revealed by the results of the present study. estradiol valerate between women under 60 and over

Our results, however, clearly indicate that no signif- 65 years of age. However, a significant trend towards
icant changes in the pharmacokinetics of estradiol in higher MPA concentrations and bioavailability was ob-
postmenopausal women between under 60 and 65—70served with increasing age.
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