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10-mg estradiol valerate depot formulations
following IM single dose administration in
healthy postmenopausal volunteers
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Abstract. Objective: To establish the
bioequivalence (BE) between two im. es-
tradiol valerate (E2V) depot formulations,
i.e., Estradiol-Depot 10 mg® (test) and Pro-
gynon Depot-10® (reference). To compare
the effect of both treatments on the vaginal
maturation index and on the increase of the
endometrial thickness after administration
of both formulations. Methods: A total of 24
postmenopausal females aged 54.7 + 5.35
year (BMI 25.84 + 1.98 kg/m?) completed
this BE assessment. The investigation was
planned and designed as a single center, open-
label, single dose, cross-over study including
2 periods with 2 treatments and 2 sequences.
Baseline levels were obtained for all subjects.
Single doses of 10-mg E2V of each product
were administered and pharmacokinetics
and pharmacodynamics were assessed over
2 weeks with a washout period of 4 weeks.
A gas chromatographic-mass spectrometric
method with negative chemical ionization
and selected ion monitoring was applied,
after validation, for the determination of es-
tradiol (E2), estrone (E1) and internal stan-
dard estradiol-D4 derivatives. The cytology
of the vaginal smear (parabasal, intermediate
and superficial cells from lateral wall opposite
tip of cervix) was assessed by investigation
of ~ 200 cells. The vaginal maturation index
(VMI) was calculated by the equation: VMI
(%) = (superficial cells x 1) (%) + (intermedi-
ate cells x 0.5) (%). Endometrial thickness
was measured by transvaginal ultrasonic
scans and recorded in mm. Results: The geo-
metric means (Gmeans) of the measured val-
ues of C,,,x and AUC_, for E2 were 543.5 pg/
ml and 84,734 pg x h/ml for test and 505.7
pg/ml and 82,660 pg x h/ml for reference,
whereas those for E1 were 219.0 pg/ml and
38,950 pg x h/ml for test and 204.9 pg/ml
and 37,159 pg x h/ml for reference, respec-
tively. The point estimates (PEs) of the Test/
Reference (T/R) mean ratios of the variables
Crax and AUC_; for E2 (measured values)
were 107.3% and 102.5%, respectively. The
PEs of the T/R mean ratios of the variables
Chax and AUC, for E1 (measured values)

were 106.9% and 105.0%, respectively. Me-
dian endometrial thickness increased in Peri-
od I from baseline levels of ~ 3 mm (Day —2)
to ~ 7 mm (Day 21) after administration of
both products without returning completely
to baseline prior to the next administration.
In Period II, median values of 7 mm were
also reached (Day 21) after administration
of both products. Median vaginal maturation
indices increased in Period I from baseline
levels of ranging from 45 — 60% (Day —2)
to 86 — 94.5% (Day 21). In Period II matu-
ration indices of > 90% were calculated as
baselines (Day —2) and these levels remained
constant until the end of the assessment (Day
21) independently from the products. After
21 days of treatment, test and reference pre-
sented practically no differences in terms of
their effects on endometrial thickness and
vaginal maturation index. Conclusions: The
95% CIs for the T/R mean ratios of AUC_,
and C,,,, for E2 and E1 fell within the accep-
tance limits of 80 — 125% and therefore bio-
equivalence could be demonstrated for both
formulations. The changes in endometrial
thickness and the vaginal maturation index
indicated that the pharmacodynamic effect is
pronounced already after the first administra-
tion and that the effect continued notably for
longer time compared to the presence of E2
and E1 in plasma. A 4-week washout phase
was insufficient to avoid residual pharma-
cological effects after the administration of
both preparations.

Introduction

Hormone replacement therapy in post-
menopausal women intends to improve
symptoms caused by an estrogen deficiency
[1]. Therefore, the close association between
pharmacokinetics, indicated by the time
course of serum or plasma concentrations of
sex steroids after administration, and phar-
macodynamics, indicated by the metabolic
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and biological changes caused by the treat-
ment, shows the fundamental importance of
pharmacological knowledge for the use of
hormone therapy [1].

Estradiol, more exactly 173-estradiol (E2),
is the most potent and important naturally
occurring, endogenous estrogen [1, 3]. Be-
yond its essential role in reproduction, it af-
fects the whole organism and is involved in
many metabolic processes. E2 is synthesized
in the growing ovarian follicles and the cor-
pus luteum, the placenta, adrenals and Ley-
dig cells, but also in the liver, endometrium,
brain, muscle and fat tissue [1]. During an
ovulatory cycle, the serum concentrations of
E2 vary from 30 pg/ml in the early follicular
phase, to 150 — 350 pg/ml in the preovula-
tory phase and 100 — 210 pg/ml in the lu-
teal phase. During pregnancy, the estradiol
levels rise 100-fold, reaching concentrations
of ~ 20,000 pg/ml at the end of the third tri-
mester. On the contrary, in postmenopausal
women, the estradiol levels are usually be-
low 20 pg/ml [1].

For therapeutic purposes, E2 is commonly
administered as different fatty acid esters.
Some of them, e.g. estradiol valerate (E2V),
have demonstrated to exhibit pharmacoki-
netic and pharmacodynamic profiles after oral
administration similar to those of estradiol
[2], primarily due to its rapid hydrolysation
to estradiol already in the intestinal mucosa
[4, 5]. The metabolic pathway of estradiol is
completed by further metabolites such as es-
trone and estrone sulphate, which are the main
products of its hepatic biotransformation [4].
In normal healthy women (27 + 6 years), it
has been reported that following a single oral
dose of 8-mg E2, serum concentrations of the
parent compound of 18 £+ 18 pg/ml (mean +
SD) are observed after 48 h, whereas the El
concentrations were 197 + 217 pg/ml (mean
+ SD) [6]. Depending on the indication and
the intention of the treatment, oral administra-
tion of E2 may not be adequate for long-term
therapy, either because non-sufficient plasma
levels are reached or due to compliance prob-
lems. To overcome this obstacle, the use of the
intramuscular route presents an alternative to
the oral administration. The intramuscular ad-
ministration (i.m.) of E2V commonly is done
by means of the injection of an oily solution of
the E2 ester. In this solution, the solvent is ab-
sorbed, and a primary depot of the crystalline

estradiol ester is formed at the site of injec-
tion. Thereafter, a secondary depot of the same
substance can be found in the fat tissue [,
2]. The formation of such depots permits the
slow release of the ester, whereas its hydroly-
sation and further metabolisation are complet-
ed at the liver and in other organs [2]. Former
studies in 9 healthy volunteers following the
intramuscular injection of 5 mg of E2V have
shown that geometric mean values of maxi-
mum plasma levels of 667 pg/ml (95% CI =
450.60 — 983.29 pg/ml, CV = 36.1%) for E2
and 321.74 pg/ml (95% CI =202.77 - 513.70
pg/ml, CV = 43.6%) for El are observed af-
ter 24 — 48 h, decreasing to pre-administration
levels after 9 — 11 days [7]. Furthermore, stud-
ies in postmenopausal women with a similar
dose of E2V, i.e. 4 mg, showed maximum
plasma levels ranging from 310 to 570 pg/ml
for E2 and of ~ 100 pg/ml for El after 3 — 5
days, which decreased below 50 pg/ml for E2
and E1 after 20 days. [8]. According to these
data, it can be seen that the use of a depot for-
mulation results in higher estradiol levels for
prolonged time.

Estradiol, like any other estrogen, is a
promoter of the tissue growth in the repro-
ductive organs of a woman; therefore, the
collective effect of E2 can be estimated
through the evaluation of the superficial,
intermediate and parabasal cells of the vagi-
nal mucosa in a test denominated vaginal
maturation index [9]. This test can be ac-
companied by the determination of the en-
dometrial thickness, taking into account that
the endometrium contains estrogen receptors
responding to the circulating estrogens [10].

The primary objectives of this study were
the characterization of the relative bioavail-
abilities of two different oily i.m. depot solu-
tions containing 10 mg of estradiol valerate
each, the assessment of the bioequivalence
of both products, and the simultaneous com-
parative assessment of the pharmacody-
namic effects of both formulations through
gynecological surrogate parameters, i.e., the
change in vaginal maturation index and the
increase of thickness of the endometrium, as
no information about the timely relation be-
tween plasma levels and effect on the afore-
mentioned parameters has been determined
so far. A gas chromatographic-mass spec-
trometric (GC-MS) method with negative
chemical ionization (NCI) and selected ion
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monitoring (SIM) was validated and applied
for the determination of indicative ions of
estradiol and estrone. The application of this
method allowed avoiding the overestimation
of concentrations commonly reported when
immunoassay kits are applied [11].

Methods

A single-center, open-label, single-dose,
randomized crossover study with baseline
assessment, two periods and two treatment
sequences was used to compare 1-ml oily
solutions containing 10.0 mg E2V each. In
both solutions, the vehicle was composed
of benzyl benzoate and castor oil. The test
product was obtained from Jenapharm, Jena,
Germany, and the reference product was pur-
chased from Schering, Berlin, Germany.

A maximum of 36 volunteers with an
interim analysis after 24 volunteers were
planned to undergo the same crossover
treatments, as no valid information on in-
traindividual variability was available for a
reliable sample size estimation. For baseline
assessment, blood sampling was performed
over 48 h prior to each administration. The
evaluated products were administered in the
morning as slow single i.m. injections into
the gluteal muscle after a 12-h fasting period
with blood sampling over 14 days follow-
ing i.m. administration. A washout period
of 4 weeks between the two treatments, i.e.
test and reference product, was maintained.
Gynecological examinations and endome-
trial scans were done before and during each
treatment. The study was performed accord-
ing to GCP-requirements and the latest revi-
sion of the Declaration of Helsinki.

Subjects

A total of 24 healthy postmenopausal
female subjects, planned age 45 — 75 years
and a body mass index (BMI) from > 20 to <
29 kg/m? was included. Ethic’s vote was ob-
tained by the Medical Board of the State of
Thuringia, Germany, prior to any measures.
Subjects underwent an informed consent
procedure prior to enrolment in accordance
with Good Clinical Practice and national
law. Major selection criteria were the lack of

any relevant deviations from normal findings
for healthy subjects as well as the absence of
any other concomitant disease in the clinical
findings that could interfere with the safety
(in particular any risk for thromboembolic
disorders) or study objectives. Postmeno-
pausal state was confirmed by plasma FSH
> 40 IU/1 and plasma estradiol < 20 pg/ml,
and last spontaneous menstruation > 2 years
ago or bilateral ovariectomy of at least 3
months ago. Besides, a normal gynecologi-
cal examination, a normal transvaginal scan
with < 5 mm of endometrial thickness, and a
cytological smear classified according to Pa-
panicolau with a pap-grading not higher than
I were required. Hysterectomized subjects
and volunteers with medical history of alco-
hol or drug abuse were excluded. The use of
drugs inducing or inhibiting liver enzymes,
diuretics, anticoagulants, digoxin, and an-
tibiotics was not permitted within 8 weeks
before the first drug administration. The use
of sex hormones was not permitted within 6
weeks (oral, transdermal, and vaginal prepa-
rations) or 2 months (i.m. depot preparations
administered once per month) or 6 months
(i.m. depot preparations administered once
per 3 months) before the first study drug ad-
ministration and until the end of the study.
All subjects had to avoid regular excessive
physical activity and were non-smokers or
mild smokers (5 cigarettes/day or less).

Sample preparation

During both treatment periods, blood
samples for E2 and E1 analysis were taken
at ~ 48, 24, 12, and 0.5 h prior to each dose
for baseline assessment as well as at 1, 3, 6,
10, 16, 24, 36, 48, 60, 72, and 96 h and at 5,
6, 8, 10, 12, and 14 days after each dosing.
Samples were centrifuged within 0.5 h after
withdrawal for 10 min at 2,000 x g at room
temperature; the supernatant was transferred
into polypropylene storage tubes (2 aliquots
per sample) and stored frozen below —20 °C
until analysis. For sample work-up frozen
plasma samples were thawed in a water bath
at 20 °C and homogenised using a vortex
shaker for 10 s. Afterwards samples were
spiked with 20 pl of a methanolic solution
of a-naphthol (¢ = ~ 100 ng/ul) and swirled
anew. Extraction started by addition of 6 ml
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of a mixture of n-pentane : ethylacetate = 7 :
3 (v/v), followed by mixing in a rotary mixer
and centrifugation at 4,000 rpm for 10 min.
The upper organic layer was transferred into a
10 ml reaction vial (with screw cap) and evap-
orated under a stream of nitrogen in a 50 °C
water bath to dryness. The dry residues un-
derwent two derivatisation steps. The first one
consisted of the treatment of the dry residue
with 50 pul of a 1% solution of 2,3,4,5,6-pen-
tafluorobenzyl-chloride and 50 pl of a 0.2%
solution of triethylamine (both reagents dis-
solved in dichloromethane), briefly swirled
and left at room temperature for 15 min. Af-
terwards reaction mixtures were dried under a
stream of nitrogen in a 50 °C water bath. In the
second derivatisation, the dried samples of the
first derivatisation were treated with 100 pl of
n-hexane, briefly swirled and spiked with 50
ul of trifluoroacetic anhydride. Reaction vi-
als were immediately closed by screw caps,
mixed again and placed into a drying cabinet
for 45 min at 65 °C. Afterwards samples were
cooled down for 5 min and evaporated to dry-
ness (nitrogen, 50 °C). Dried residues were
reconstituted in 40-pl toluene and transferred
into 200-pl microvials. Samples of 2 pl were
used for analysis.

Analytical method validation

The applied analytical procedure was
based on a gas chromatographic-mass spec-
trometric (GC-MS) method with negative
chemical ionisation (NCI) and selected ion
monitoring (SIM) of indicative ions of es-
tradiol, estrone and estradiol-D4 derivatives.
Within this method, an estradiol-D4 deriva-
tive was used as internal standard (IS). The
estradiol (E2) and estrone (E1) derivatives
were estrone-pentafluorobenzoyl (E1-PFBz
derivative) and estradiol-pentafluorobenzo-
yl-trifluoroacetic anhydride (E2-PFBz-TFA
derivative). As IS estradiol-d4-PFBz-TFA-
derivative was used. The method validation
was performed as proposed by Shah et al.
[12] and considering the recommendations
provided by the US-FDA Guidance for In-
dustry, Bioanalytical Methods Validation
for Human Studies [13]. The fundamental
parameters for this validation included accu-
racy, precision, specificity, sensitivity, repro-
ducibility, and stability.

Sample analysis

For analysis, calibration curves for E2
and E1 were prepared in a range of 10.0 —
250.0 pg/ml. The lower limit of quantifica-
tion (LLOQ) applied for both analytes, i.e.,
E2 and E1, was 10.0 pg/ml. E2 and E1 de-
rivatives were evaluated by relating the in-
tegrated analyte signal to the corresponding
integrated IS derivative signal. Calibrations
of the analyte substances were done by lin-
ear regression functions after 1/x-weighting
of analyte/internal standard peak area ratios
vs. analyte concentration. All analyses were
done by Pharmakin GmbH, Ulm, Germany
and fulfilling the criteria defined by Shah
et al. [10] by the US-FDA Guidance for In-
dustry, Bioanalytical Methods Validation for
Human Studies [13].

Pharmacokinetic analysis

All pharmacokinetic (PK) parameters of
E2 and E1 were determined model-indepen-
dently using WinNonLin, Version 2.1 (Phar-
sight Cooperation, Mountain View, CA, USA)
at Quintiles ClinData, Bloemfontein, South
Africa. The parameters were determined di-
rectly from the measured plasma concentra-
tions. Moreover, net values of mean plasma
concentrations, obtained by subtracting the
means of each of three basal concentrations at
—48, —24 and —12 h from the individual mea-
sured mean plasma concentrations at each
sample point, were calculated and a second
set of E2 and E1 net PK-parameters was es-
tablished, i.e., PK parameters based on net
values. In the case of negative values obtained
as net values, they were set to zero for calcu-
lation of PK parameters. Net values at Time 0
were set to zero by definition. All LLOQ val-
ues in the absorption phase were used as half
LLOQ. LLOQ values (or the basal value) in
the terminal phase were used as half LLOQ
for calculation of the mean concentration-
time profiles and as missing values for the
calculation of the PK variables.

Primary PK parameters were: AUC
(area under the concentration-time curve of
the analyte in plasma over the time interval
from 0 to the last quantifiable analyte plasma
concentration (LLOQ) after single dose ad-
ministration) as calculated from the linear
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trapezoidal rule and C,.,, (maximum con-
centration of the analyte in a concentration-
time profile). Secondary PK endpoints were
AUC,_,, (area under the plasma concentra-
tion-time curve from time 0 extrapolated to
infinity) for the net values only, t,,, (time
from dosing to C,.,), %AUC,, ., (percent-
age of AUC,_,, that was extrapolated from
the time of the last quantifiable data point to
infinity) and t,, (apparent terminal half-life).

Gynecologic and safety
examinations

Gynecological examinations, endometri-
al scans and cytological determinations were
done by trained and experienced specialists
in Erfurt, Germany, at pre-study, on Days -2,
8, 14, and 21 in each treatment period and
post-study only in case of an endometrial
thickness > 5 mm. Cytological smears were
performed during prestudy investigation and
classified according to Papanicolau class
system (Pap I — V). Special attention was put
on the detection of clinically relevant classes
(Pap III — V) to discard suspicious benign or
malign carcinomas.

The cytology of the vaginal smear was
characterized using ~ 200 cells obtained from
the lateral vaginal wall opposite the tip of cer-
vix with a wad of cotton and transferred on a
specimen holder. Fixation was performed im-
mediately after sampling by use of Merckofix
spray. Cells were classified as parabasal, in-
termediate or superficial cells. Gynecological
cytodiagnostics was performed after staining
according to the method of Papanicolau [14]
and following Eq.1:

VMI (%) = (superficial cells x 1) (%) + (in-
termediate cells x 0.5) (%)

According to this equation, the vaginal
maturation index (VMI) could be between 0
(only parabasal cells) and 100 (only super-
ficial cells) [9]. Endometrial thickness was
measured by transvaginal ultrasonic scan
and recorded in mm.

Routine laboratory safety, vital signs and
12-lead ECG assessments were performed
at screening and post-study only. Adverse
events (AEs) were either reported spontane-
ously by the volunteer or observed/elicited
by general questioning by a member of the

study team. AEs and concomitant medica-
tion were recorded on a continuous basis.

Statistical analysis

In order to keep the global a error risk
of the entire study at a level of 5%, a of the
interim analysis after n = 24 was adjusted for
multiple testing according to Lan & DeMets
[15]. According to the procedure of Hauck et
al. [16], the bounds calculated by the algo-
rithm of Lan & DeMets were converted into
the corresponding p-values and from this us-
ing the exact degrees of freedom to t-values
used for the calculation of the confidence in-
tervals (Cls). For the interim analysis after
24 subjects an o-level of 0.025 was used and,
in case of completion with n = 36, a nominal
a-level of 0.04 resulted. In order to obtain
a power of at least 80% in case of perfect
BE assuming a geometric CV of < 30% for
AUCy; and < 50% for C., 32 subjects
were calculated to complete the study using
a non-sequential standard design with 90%
Cls. Considering a sequential 2-stage design
and a wider 92% CI after completion of all
subjects, n = 36 subjects ensured a power of
> 80%, as increased by the interim analysis
after 24 subjects. Bioequivalence was to be
accepted after 24 subjects, if the 95% Cls
were included by the respective acceptance
ranges of 80 — 125% [17, 18, 19].

Assuming that PK parameters were log-
normally distributed, the logarithms were
subjected to an analysis of variance (ANO-
VA) for AUCy; and C_,, for measured
and net values, and AUC,,_,, for net values
only. This model included effects account-
ing for the following sources of variation:
“sequence”, “subjects within sequences”,
“period”, and “treatment”. The effect “sub-
jects within sequences” was considered as
random, but the other effects were consid-
ered as fixed. In test and reference, descrip-
tive statistics were calculated for E2 and El
concentrations, derived PK parameters, and
pharmacodynamic parameters, i.e. N, arith-
metic mean, standard deviation (SD) with
coefficient of variation, minimum (min), me-
dian, maximum (max), geometric mean and
SD with coefficient of variation (gCV) and
graphics as appropriate. Additionally, the In-
transformed variables of all AUC- and C,,-
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Table 1. Demographic data of postmenopausal women included in the study (n=25) calculated as arith-
metic mean + SD, median, minimum (min) and maximum (max) values.

Parameter Mean + SD Median Min Max

Age (years) 54.70 £ 5.35 54.00 39.00 65.00
Weight (kg) 70.89 £ 6.25 71.00 60.00 82.00

Height (cm) 165.04 + 6.98 165.00 150.00 178.00

BMI (kg/m?) 25.84 +1.98 25.80 22.0 29.00

ET (mm) 3.08 £0.76 3.00 2.00 4.00

BMI = Body Mass Index; ET = Endometrial thickness.

Table 2. Pre-study within-day precision and accuracy results of the GC/MS-NCI/SIM method validation
applied for the quantification of estradiol (E2) and estrone (E1) in plasma.

Analyte Nominal conc. values Arith. mean value Precision Accuracy (deviations
(1 batch) (pg/ml) SD (pg/ml) (CV (%)) from nominal value,
(n = 6, for each conc.) mean * SD (%))
E2 199.8 183.32 £1.30 0.71 8.25+0.65
59.9 56.50 + 0.84 1.48 5.68 £ 1.40
12 11.45+0.29 2.52 4.58 +2.40
E1 200 191.73 £5.34 2.78 4.13 £2.67
60 57.67 £ 0.98 1.70 3.89+£1.63
12 12.07 + 0.36 2.95 -0.56 £ 2.97

values were described in the same way ex-
cept for geometric mean and geometric SD.

Results

Subjects

A total of 25 women was included, 24
completed the study. One subject dropped
out before having received any study medi-
cation. Demographic data of all 25 included
subjects (full analysis set) are summarized in
Table 1. Their arithmetic mean + SD age was
54.7 £ 5.4 years, their body weight and BMI
were 70.9 = 6.25 kg and 25.84 + 1.98 kg/
m?, respectively. At screening, gynecologi-
cal examination showed cytological states
classified as Pap I/Il in 22 subjects and as
Pap I in 2 subjects. No Pap III-V cytological
states were reported. The arithmetic mean of
the endometrial thickness determined at the
pre-study examination was of 3.08 £ 0.76
mm (mean £ SD). With the exception of one
subject, all volunteers had plasma E2 values
<20 pg/ml during prestudy examination. All
subjects had plasma FSH values > 40 IU/I
during prestudy examination and were nega-
tive for HBs-AG, anti-HCV-AB and anti-
HIV-AB. All subjects were healthy with only

minor deviations from normal parameters in
routine safety parameters.

Some subjects showed protocol de-
viations considered not relevant: 1 subject
had an E2 concentration slightly above the
threshold, i.e., 26.9 pg/ml vs. 20 pg/ml, at
prestudy examination and was included in
the study; 2 other subjects were not clinical-
ly postmenopausal for > 2 years, but showed
postmenopausal FSH and E2 values; 3 sub-
jects had previous and continued medication
during the study, which, however, were not
expected to interfere with E2V dosing.

Method validation

Within-day precision and accuracy

The results of the within-day precision and
accuracy after a 6-fold determination of E2
on one single day assessed during pre-study
validation showed that the mean values + SD
were 183.32 + 1.30 pg/ml for the upper limit
of quantification (QC-high: 199.8 pg/ml),
56.50 = 0.84 pg/ml for the intermediate limit
(QC-mid.: 59.90 pg/ml) and 11.45 £+ 0.29 pg/
ml for the lower limit of quantification (QC-
low: 12.0 pg/ml). The deviations from nomi-
nal values expressed as mean = SD (%) were
calculated as 8.25% =+ 0.65%, 5.68% + 1.40%
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Table 3. Pre-study between-day precision and accuracy results of the GC/MS-NCI/SIM method valida-
tion applied for the quantification of estradiol (E2) and estrone (E1) in plasma.

Analyte Nominal conc. values (pg/ml) | Arith. mean value + | Precision | Accuracy (Deviations
(3 batches) (6-fold determination on SD (pg/ml) (CV (%)) | from nominal value,
each of 3 different days) mean + SD (%))
199.8 186.21 £ 3.30 1.63 6.80 £ 1.52
E2 59.9 56.30 + 0.89 1.59 6.01+1.49
12 11.64 £ 0.36 3.05 3.01+£2.96
200 203.87 £ 8.42 4.13 -1.94+4.21
E1 60 61.15 +2.30 3.77 -1.92 + 3.84
12 12.22 + 0.36 2.95 -1.81 £ 3.00

Table 4. Pre-study recovery determinations of the GC/MS-NCI/SIM method
validation applied for the quantification of estradiol (E2), estrone (E1) and the
internal standard (ISTD) in plasma.

Analyte Nominal conc. values (pg/ml) Recovery (%) £ SD (%)
(n = 3 for each conc.)
E2 250.0 86.49 + 1.03
81.0 86.62 + 1.88
10.0 73.92 +0.88
E1 250.0 90.07 + 0.63
81.0 84.41+2.29
10.0 86.64 + 0.25
ISTD 81.0 86.96 + 1.88

and 4.58% =+ 2.40% for QC-high, QC-mid
and QC-low quantification limits, correspond-
ingly. In all the cases, the precision, expressed
as the CV-values, was less than 2.52%. These
results can be seen in Table 2.

In the same fashion, the results of the
within-day precision and accuracy after a
6-fold determination of E1 on same condi-
tions as described above showed that the
mean values £ SD were 191.73 + 5.34 pg/
ml for the upper limit of quantification (QC-
high: 200.0 pg/ml), 57.67 + 0.98 pg/ml for
the intermediate limit (QC-midrange: 60.0
pg/ml) and 12.07 + 0.36 pg/ml for the lower
limit of quantification (QC-low: 12.0 pg/
ml). The deviations from nominal values ex-
pressed as mean = SD (%), were calculated as
4.13% £ 2.67%, 3.89% £ 1.63% and —0.56%
+ 2.97% for QC-high, QC-mid and QC-low
quantification limits, correspondingly. In all
the cases, the precision, expressed as the CV-
values was less than 2.95% (Table 2).

Between-day precision and accuracy

The results of the between-day precision
and accuracy after a 6-fold determination on
each day of 3 different days during pre-study

validation showed that the mean values +
SDs were 186.21 + 3.30 pg/ml for the upper
limit of quantification, 56.30 £ 0.89 pg/ml
for the intermediate limit and 11.64 = 0.36
pg/ml for the lower limit. The accuracy val-
ues, 1.e., the deviations from nominal values,
expressed as arithmetic means £ SDs (%)
were calculated as 6.80% + 1.52%, 6.01% =+
1.49% and 3.01% = 2.96% for QC-high, QC-
mid and QC-low quantification limits, cor-
respondingly. In all the cases, the precision,
expressed as the CV-values, was less than
3.05%. These results are depicted in Table 3.

Likewise, the results of the within-day
precision and accuracy on the same condi-
tions for E1 showed that the mean values +
SDs were 203.87 + 8.42 pg/ml for the upper
limit of quantification, 61.15 + 2.30 pg/ml
for the intermediate limit and 12.22 + 0.36
pg/ml for the lower limit. The accuracy val-
ues, i.e. the deviations from nominal values,
expressed as arithmetic means £ SDs (%),
were calculated as —1.94% + 4.21%, —1.92%
+ 3.84% and —1.81% =+ 3.00% for QC-high,
QC-mid and QC-low quantification limits,
correspondingly. In all the cases, the preci-
sion, expressed as the CV-values was less
than 4.13% (Table 3).

Recovery

The recovery using standard samples of
E2 at concentration levels of 250.0 pg/ml, 81
pg/ml and 10 pg/ml varied between 73.92%
+ 0.88% and 86.62% =+ 1.88%, whereas
those calculated using standard samples of
El at the same levels ranged from 86.64%
+ 0.25% to 90.07% = 0.63%. In the case of
the internal standard (IS), a single standard
of 81.0 pg/ml was used and the recovery was
86.96% + 1.88% (n = 3). These results can be
seen in Table 4.
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Table 5. Arithmetic means of plasma concentrations + SDs of estradiol (E2) and estrone (E1) at Day 0
(baseline, Periods | and IlI) and at Day 14 (Period 1) for the sequences Reference — Test and Test —

Reference.
Analyte Sequence Parameter Period
| Il
Day 0 Day 14 Day 0
Estradiol Reference — Test N 10/112 11 8/11¢
(E2) Conc. + SD (pg/ml)|  LLOQ 64.01 +23.39 | 15.24 + 7.31
Test — Reference N 11/13P 13 10/13°¢
Conc. £ SD (pg/ml) LLOQ 72.08 + 30.84 | 23.23 + 14.06
Estrone Reference — Test N 9/11¢ 11 10/11¢
(E1) Conc. = SD (pg/ml) | 15.21 +7.74 | 46.78 +28.97 | 19.51 +9.54
Test — Reference N 11/13°¢ 13 13
Conc. = SD (pg/ml) | 21.19+7.91 | 49.07 +20.25 | 20.70 + 10.36

N = Number of subjects; LLOQ = Lower limit of quantification (10 pg/ml); @Observed concentrations in
1 out of 11 subjects: 21.10 pg/ml; PObserved concentrations in 2 out of 13 subjects: 21.42 pg/ml and
76.89 pg/ml, respectively. “The remaining subjects presented values below LLOQ.

Specificity

The specificity of analytical method was
performed by analysis of six blank plasma
samples of different origin. The specificity of
the method was demonstrated by selected ion
monitoring (SIM) at a mass/charge ratio (m/z)
of 464 for [M]- of the E1-PFBz derivative, at
a m/z of 562 for [M] of the E2-PFBz-TFA
derivative and at a m/z of 566 for the inter-
nal standard E2-D4-PFBz-TFA derivative, by
investigation of IS-spiked blank and standard
sample and by demonstration of undisturbed
peak detection in a set of samples comprising
2 samples of 2 volunteers each.

Reproducibility

The reproducibility was calculated based
on 3-fold determinations of each set of stan-
dard samples during the pre-study validation
period. The coefficients of variation (CV%)
of the determination reproducibility for E2
and E1 were < 9.1% and < 7.9%, respec-
tively.

Stability

The stability determination was per-
formed using E2/E1 plasma samples stor-
aged at —20 °C for 18 days and upon repeated
freezing and thawing cycles as well as with
drug/metabolite samples in extracts storaged
at room temperature for 3 days and at —20 °C

for 6 days. The E2/E1 concentrations of the
samples used for the stability determination
ranged from 10 to 250 pg/ml. In all the cases,
the deviation with reference to the measured
values remained within the accepted range of
the accuracy of the method, i.e. within 15%
of the nominal values.

Pharmacokinetics and
bioequivalence

In order to facilitate comparisons of the
plasma concentrations at baseline, arithmetic
means + SDs of estradiol (E2) and estrone
(E1) over the time following different se-
quences of administration were presented by
period taking into account the levels at the
first day of administration (Day 0) of both pe-
riods and those at an intermediate point (Day
14) of Period I as shown in Table 5. Nearly
all female subjects showed arithmetic mean
baseline E2 concentrations below LLOQ (<
10 pg/ml) at —48, —24, —12 and 0 h, except
for 1 subjects with reference product and 2
subjects with test product as their first treat-
ments. However, 14 days after the first dose of
the reference product and immediately before
the treatment with test product, the subjects
showed arithmetic mean concentrations of
64.01 + 23.39 pg/ml (11 subjects) and 15.24
+ 7.31 pg/ml (8 out of 11 subjects) for E2,
respectively (Table 5). 14 days after the first
dose of the test product and immediately be-
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Figure 1. Arithmetic mean plasma concentrations of estradiol (E2) and estrone (E1) after i.m. administra-
tion of reference and test products in postmenopausal women (n = 24 subjects, measured vs. net values).

time [d]

Figure 2. Individual measured plasma concen-
trations of estradiol in test product (Estradiol-Depot
10 mg) after i.m. administration in postmenopausal
women (n = 24).

fore the treatment with reference product, the
mean E2 concentrations were 72.08 + 30.84
pg/ml (13 subjects) and 23.23 + 14.06 pg/ml
(10 out of 13 subjects), respectively (Table 5).
Comparing the arithmetic mean concentra-
tions of E2 observed in Period I and II at Day
0 following both treatment sequences, the
results clearly indicated a carryover effect of
the i.m. administration of E2V on the plasma
levels of E2, i.e., the presence of E2 increased
at a time point, at which such increase was not
expected. Therefore, this observation demon-
strated that the time assigned for the washout
period, i.e., 4 weeks, was insufficient to allow
the return of the E2 concentrations to baseline
levels in the subjects.

For El, 9 out of 11 subjects showed an
arithmetic mean concentration of 15.21 +7.74
pg/ml prior to their first dose of the reference
product. Eleven out of 13 subjects showed an
arithmetic mean concentration of 21.19+£7.91
pg/ml prior to their first dose of the test prod-
uct. 14 days post-dose and immediately prior
to the second treatment (Period II, Day 0),
those values were calculated as 46.78 + 28.97
pg/ml (11 subjects) and 19.51 + 9.54 pg/ml
(10 out of 11 subjects) when the reference
product was used in the first period. When the
test product was used in the first period, the
arithmetic mean concentrations of E1 were
calculated as 49.07 £ 20.25 pg/ml on Day 14
and 20.70 + 10.36 pg/ml on Day 0 of Peri-
od II in identical number of subjects, i.e. 13.
Thus, independently from the treatment, such
PK data may indicate that, with slight dif-
ferences, a return into baseline values was
observed for E1 after a washout period of 4
weeks (Table 5).

The mean plasma concentration vs. time
profiles of the E2 and E1 derived from mea-
sured and net values after i.m. administration of
reference (Progynon Depot®) and test (Estradi-
ol-Depot® 10 mg) products can be seen in Fig-
ure 1. Due to the low baseline concentrations,
curves for measured concentrations and for net
concentrations were nearly identical for both
analytes. Furthermore, the plasma concentra-
tions of the parent compound E2 were 2- to
3-fold higher than the metabolite E1.
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Figure 3. Individual measured plasma concentra-
tions of estradiol in reference product (Progynon
Depot 10 mg) after i.m. administration in post-
menopausal women (n = 24).
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Figure 4. Individual measured plasma concentra-
tions of estrone in test product (Estradiol-Depot 10
mg) after i.m. administration in postmenopausal
women (n = 24).

time [d]

Figure 5. Individual measured plasma concen-
trations of estrone in reference product (Progynon
Depot 10) after i.m. administration in postmeno-
pausal women (n = 24).

After the administration of both prod-
ucts the profiles of both analytes (E2 and
El) were very similar. Mean E2 peak con-
centrations of ~ 500 pg/ml were detected at
~ 2.5 days for both products, whereas mean
E1 peak concentrations of ~ 200 pg/ml could
be determined after 3 days in both cases.
After 14 days, E2 and El concentrations of
~ 100 pg/ml or less were observed.

The interindividual variability of the
pharmacokinetic profiles of E2 after test and
reference can be deduced from Figures 2
and 3, respectively. No marked differences
in profiles are observed after the administra-
tion of either test or reference product. Peak
concentrations in a range from ~ 350 pg/ml
to ~ 1,000 pg/ml were observed within 1 — 3
days. Only in 1 subject, a peak concentration
higher than 1,000 pg/ml could be observed
after the administration of the test product.
After 14 days concentrations below 200 pg/
ml could be detected in all subjects.

For E1 after test and reference, peak concen-
trations in a range from ~ 150 pg/ml and 400
pg/ml are observed between 3 and 5 days and
concentrations generally lower than 100 pg/ml
could be seen after 14 days. For details see Fig-
ures 4 and 5. One subject presented a different
E1 profile with concentrations higher than those
aforementioned following both administration
of test and reference products indicating a slight-
ly diverging metabolic pattern.

From evaluation of the measured E2
concentrations, geometric mean C,,-val-
ues were calculated as 543.5 pg/ml (gCV
= 39%) and as 505.7 pg/ml (gCV = 33%)
for test and for reference, respectively. Af-
filiated AUC,_-values for test amounted
to 84,734 pg x h/ml (gCV = 22%) for test
and to 82,660 pg x h/ml (gCV = 21%) for
reference. The aforementioned results are
shown in Table 6.

For the measured E1 concentrations, geo-
metric mean C,,,-values were calculated as
219.0 pg/ml (gCV = 44%) and 204.9 pg/ml
(gCV = 35%) for test and reference, respec-
tively. AUC,_-values amounted to 38,950 pg x
h/ml (gCV = 42%)) for test and to 37,159 pg x
h/ml (gCV = 42%) for reference (Table 6).

E2 net concentrations derived from sub-
tractive baseline correction were used for cal-
culation of geometric mean values of C,,,,
AUC,_ and AUC,_, and resulted correspond-
ingly in 533.5 pg/ml (gCV =39%), 81,285 pg
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Table 6. Summary of pharmacokinetic parameters (measured values) of estradiol (E2) and estrone
(E1) determined after IM administration of Estradiol-Depot 10 mg® (test) and Progynon Depot-10® (refer-

ence) in 24 postmenopausal women.

Analyte Parameter Treatment Geomet- | Geometric | Medians (Min — Max)
ric mean CV (%)
Estradiol (E2) Chrax (Pg/ml) Test 543.5 39 -
Reference 505.7 33 -
tmax (D) Test - - 60.0 (48 — 120)
Reference - - 60.0 (36 — 120)
AUC_; (pg x h/ml) Test 84 733.8 22 -
Reference 82 660.4 21 -
t,, (h) Test - - 88.3 (39.38 — 170.67)
Reference - - 89.9 (52.82 — 200.20)
Estrone (E1) Crrax (Pg/ml) Test 219.0 44 -
Reference 204.9 35 -
trax () Test - - 96.0 (48 — 144)
Reference - - 96.0 (48 — 144)
AUC_; (pg x h/ml) Test 38949.9 42 -
Reference 37 159.4 42 -
t,, (h) Test - - 101.7 (54.8 — 161.24)
Reference - - 89.9 (65.63 — 277.24)

Table 7. Summary of pharmacokinetic parameters (net values) of estradiol (E2) and estrone (E1) deter-
mined after IM administration of Estradiol-Depot 10 mg® (test) and Progynon Depot-10® (reference) in 24

postmenopausal women.

Analyte Parameter Treatment | Geometric | Geometric Medians (min — max)
mean CV (%)
Estradiol (E2) Test 543.5 39 -
Crax (PG/m) Reference 505.7 33 -
t(h Test - - 60.0 (48 — 120)
max Reference - - 60.0 (36 — 120)
Test 84 733.8 22 -
AUCo (pg x Wml) g rerence | 82 660.4 21 -
t, (h) Test - - 85.7 (29.58 — 148.17)
4 Reference - - 80.9 (52.82 — 171.63)
Estrone (E1) Test 219.0 44 -
Crax (Pg/mI) Reference 204.9 35 -
Test - - 96.0 (48 — 144)
tnax ()
Reference - - 96.0 (48 — 144)
Test 38 949.9 42 -
AUCo (pg x Wml) g ference | 37 150.4 42 -
t, (h) Test - - 83.1 (44.58 — 143.36)
& Reference - - 85.1 (54.02 — 212.75)

x h/ml (gCV = 22%) and 90,511 pg x h/ml
(gCV = 19%) for test, and 494.8 pg/ml (gCV
=33%), 79,295 pg x h/ml (gCV = 21%), and
88,706 pg x h/ml (gCV = 21%) for reference.
These results are depicted in Table 7.

The corresponding geometric mean C,-,
AUC -, and AUC,_,-values for baseline-
corrected net E1 values were 204.6 pg/ml
(gCV = 47%), 33,943 pg x h/ml (gCV =
49%) and 38,641 pg x h/ml (gCV = 48%) for
test and 191.1 pg/ml (gCV = 37%), 32,397

pg x h/ml (gCV = 48%) and 37,850 pg x h/
ml (gCV = 50%) for reference (Table 7).
Furthermore, medians with minimum and
maximum values of t,, for E2 as measured
or net values were 60 h (48 — 120 h) and 60
h (36 — 120 h), for test and reference, respec-
tively. In the case of El, the corresponding
medians with minimum and maximum values
of t,.., were identical, i.e. 96.0 h (48 — 144 h),
after test and reference. However, due to the
formulation characteristics, which result in a
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Table 8. Point estimates (PEs) and confidence intervals (Cls, 95%) of the test/reference (T/R) mean
ratios of parameters C,,, and AUC_; calculated from measured and net values and determined by

ANOVA.
Analyte Values Parameter PE (T/R) (%) 95% ClI
lower (%) upper (%)
Estradiol (E2) | Measured Crrax (Pg/ml) 107.3 93.9 122.5
AUC_; (pg x h/ml) 102.5 94.5 111.2
Net Crax (Pg/ml) 107.4 94.2 122.5
AUC_; (pg x h/ml) 102.1 94.4 110.4
Estrone (E1) Measured Crrax (Pg/ml) 106.9 94.4 121.0
AUC_; (pg x h/ml) 105.0 95.7 115.2
Net Cmax (Pg/ml) 106.9 93.8 121.8
AUC_; (pg x h/ml) 104.6 94.1 116.3

pronounced plateau phase, this parameter is of
limited value to establish differences between
products (Table 6).

The medians with minimum and maxi-
mum values of the net apparent terminal
elimination half-lives (t;,) of E2 were cal-
culated as 85.7 h (29.58 — 148.17 h) and 80.9
h (52.82 — 171.63 h) after test and reference,
respectively. For E1 the corresponding t;),-
values were calculated as 83.1 h (44.58 —
143.36 h) and 85.1 h (54.02 —212.75 h) after
test and reference, correspondingly (Table
6). These results showed that practically no
differences in the t;,,-values of both analytes
independently form the treatment.

Using measured values, for E2 the
point estimates (PEs) of the Test/Reference
(T/R) mean ratios of the variables C,,
and AUC,_; were 107.3% (95% CI = 93.9
— 122.5%) and 102.5% (95% CI = 94.5 —
111.2%), respectively, whereas for E1 those
of C,.x and AUC_; were 106.9% (95% CI =
94.4 —121.0%) and 105.0% (95% CI=95.7
— 115.2%), respectively. For net values of
E2, the point estimates (PEs) of the Test/
Reference (T/R) mean ratios of the variables
Ciax and AUC_, were 107.4% (95% CI =
94.2 —122.5%) and 102.1% (95% CI=94.4
— 110.4%), respectively, whereas those of
Crax and AUC,  for E1 were 106.9% (95%
CI=93.8-121.8%) and 104.6% (95% CI =
94.1 — 116.3%), respectively. These results
are presented in Table 8.

In general, the formulation related PK
parameters show no remarkable differences
between both products. The comparisons
for BE assessment were performed using
measured as well as net values. The point
estimates and 95% confidence intervals for

AUC and C,, after administration of the
test and reference formulation clearly indi-
cate bioequivalence of both products as con-
fidence intervals of all parameters are within
the acceptance limits (80 — 125%). Thus, the
study could be stopped after the interim anal-
ysis of 24 subjects without further enrolment
up to n = 36.

Pharmacodynamics and safety

Vaginal maturation index

The results of the changes in the vaginal
maturation index (VMI) after treatment com-
paring median values (min-max) derived on
Days -2, 8, 14 and 21 days can be seen in
Table 9. In this table, the median values cor-
responding to Day —2 represent the baseline
values. Following the treatment with the test
product in Period I, a remarkable increase in
VMI could be observed 8 days after the first
i.m. injection as compared with the baseline,
i.e. 93.50% (76.00 — 97.00%) vs. 46.75%
(4.00 — 88.00%). Thereafter, the VMI re-
mained practically unchanged as demonstrat-
ed by the values observed after 14 days, i.e.
94.50% (68.00 — 98.00%). However, a slight
decrease was seen after 21 days, i.e. 84.50%
(67.00 — 97.50%). For the second period, the
observed baseline median value was 94.50%
(86.00 —97.00%) and even after 21 days prac-
tically no modification of this value was ob-
served, i.e. 96.00% (95.50 — 98.50%).

Also after reference in Period I, a re-
markable increase in VMI could be observed
8 days after the first i.m. injection as com-
pared with the baseline, i.e. 86.00% (53.00
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Table 9. Vaginal maturation indices (%) expressed as medians with minimum and maximum values at Days —2, 8, 14 and 21 after

Periods | and |l separated for test and reference treatment

Day -2 14 21

Period | Il | I | Il | Il

Test N 13 11 13 11 13 11 13 11
Median (%) 46.75 94.50 93.50 96.00 94.50 96.50 84.50 96.00
Min (%) 4.00 86.00 76.00 54.00 68.00 83.50 67.00 95.50
Max (%) 88.00 97.00 97.00 98.50 98.00 98.50 97.50 98.50

Reference N 12* 13 11 13 1 13 1 13
Median (%) 60.25 94.00 86.00 96.50 92.75 94.50 94.50 96.00
Min (%) 4.00 83.50 53.00 92.00 64.50 54.50 75.50 83.50
Max (%) 88.50 97.50 98.00 98.50 98.50 98.00 98.00 98.50

*Dropout.

Table 10. Endometrial thicknesses (mm) expressed as medians with minimum and maximum values at Days -2, 8, 14 and 21 after

Periods | and Il separated for test and reference treatment.

Day -2 14 21

Period | 1] | ] | ] | ]

Test N 13 11 13 11 13 11 13 11
Median (mm) 3.00 4.00 8.00 8.00 7.00 8.00 7.00 7.00
Min (mm) 2.00 3.00 5.00 4.00 6.00 4.00 4.00 4.00
Max (mm) 5.00 6.00 9.00 13.00 16.00 13.00 11.00 12.00

Reference N 12* 13 11 13 11 13 11 13
Median (mm) 3.00 5.00 7.00 8.00 7.00 9.00 5.00 7.00
Min (mm) 2.00 4.00 5.00 5.00 4.00 5.00 4.00 3.00
Max (mm) 4.00 50.00 9.00 17.00 9.00 18.00 9.00 17.00

*Dropout.

— 98.00%) vs. 60.25% (4.00 — 88.50%).
The VMI presented a slight increase after
14 days, i.e. 92.75% (64.50 — 98.50%), and
thereafter remained practically unchanged as
demonstrated by the values observed after 21
days, i.e. 94.50% (75.50 — 98.00%). For the
second period, the observed baseline median
value was 94.00% (83.50 — 97.50%) and af-
ter 21 days no modification of this value was
observed, i.e. 96.00% (83.50 — 98.50%).

The data demonstrate that maturation
index increased in a comparable way after
test as well as after reference in Period I
and remained nearly unchanged for both
products during washout phase and after
the second treatment in Period II. This
latter observation may be an indicative
of a carryover effect probably induced by
remaining amount of E2 due to an insuf-
ficient washout phase after the Period I.
In general, both formulations favored the
vaginal maturation after a short period, i.e.
8 days after administration, and were ca-

pable to maintain this effect during at least
over 21 days.

Endometrial thickness

Endometrial thickness (ET) after test and
reference treatment comparing values derived
on Days -2, 8, 14 and 21 days are shown in
Table 10. The treatment with the test prod-
uct in Period I, also exhibited a noticeable
increase 8 days after the administration as
compared with the baseline value (Day -2),
i.e., 8.00 mm (5.00 — 9.00 mm) vs. 3.00 mm
(2.00 — 5.00 mm). After 14 days, the ET-value
was kept at approximately the same level, i.e.,
7.00 mm (6.00 — 16.00 mm) after 14 days
and no further modification of this latter was
observed after 21 days, i.e., 7.00 mm (4.00 —
11.00 mm). For Period II, the observed median
baseline value was 4.00 mm (3.00 — 6.00 mm)
and increased to 8.00 mm (4.00 — 13.00 mm)
after 8 days. The median ET-value remained
exactly at the same level after 14 days, i.e.
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8.00 mm (4.00 — 13.00 mm), and decreased
to 7.00 mm (4.00 — 12.00 mm) after 21 days.

The treatment with the reference product in
Period I also exhibited an increase 8 days after
the administration as compared with the medi-
an baseline value (Day -2), i.e., 7.0 mm (5.00
—9.00 mm) vs. 3.00 mm (2.00 — 4.00 mm).
The median ET was identical after 14 days,
i.e., 7.00 mm (4.00 — 9.00 mm), and decreased
to 5.00 mm (4.00 — 9.00 mm) after 21 days.
For Period II, the observed median ET baseline
value was 5.00 mm (4.00 — 50.00 mm). It in-
creased to 8.00 mm (5.00 — 17.00 mm) after 8
days and again to 9.00 mm (5.00 — 18.00 mm)
after 14 days. However, it decreased to 7.00
mm (3.00 — 17.00 mm) after 21 days.

The data demonstrate that ET increased
in a comparable way after test and after ref-
erence in Period 1. Overall, the median ET
baseline values were higher in Period II
compared with those of the Period I inde-
pendently from the treatment. Like in the de-
scription of the results of the VMI, the pres-
ence of higher median baseline values at the
beginning of the Period II may also suggest
that the time used for the washout phase was
insufficient to eliminate remain amounts of
E2 inducing endometrial growth. In general,
both formulations favored the increase in ET
after a short period, i.e., 8 days after admin-
istration, and supported the prevalence this
effect at least over 21 days.

Adverse events (AEs)

87% (21/24) of the volunteers reported an
AE during the study. A decline of number of
AEs per period with progression of the study
was observed (59 in Period 1, 21 in Period
2). 59% (49/82) of the AEs were assessed as
definitely, probably or possibly drug related
and occurred in 18 out of 24 volunteers. 30
AEs were assessed as being unlikely or not
related to the study drug.

Most of the AEs, 72% (59/82) of the total
and 84% (41/49) of those regarded as drug
related, occurred in Period 1 of the study.
16% (8/49) of drug-related AEs occurred in
Period 2. Therefore, also the number of re-
lated AEs declined with progression of the
study. Three types of AEs, namely abdomi-
nal swelling (n = 5), swelling of outer geni-

tals (n = 6) and tighten of breasts (n = 5) ac-
counted for 33% of the related AEs (16/48).

After test, a total of 34 AEs, 25 of them
assessed as study drug related, was reported
in 16 out of 24 (67%) volunteers. After refer-
ence, a total of 43 AEs, 22 of them assessed
as study drug related, was reported. Addi-
tionally, 5 AEs started prior to the first drug
administration (not related). The most fre-
quent AE was headache (n =19, in 12 volun-
teers). 13 of the 24 volunteers took concomi-
tant medications. None of these medications
was expected to have an effect on the results
of the study. 14 volunteers (58%) reported an
AE in both study periods. There were no se-
rious adverse events reported.

Discussion

So far, with regard to pharmacokinetics
and bioavailability of E2 and E1 after intra-
muscular administration of E2V, only few
pilot studies with small sample sizes of sub-
jects have been published. Oriowo et al. [7]
assessed the E2 and E1 plasma concentra-
tions following i.m. administration of E2V in
9 healthy young women (ages 20 — 35 years).
Diisterberg et al. determined the E2 plasma
levels after i.m. administration of E2V in 3
postmenopausal women as well as the levels
of E2, E1, El-conjugates, estriol and estriol
conjugates after i.m. administration of E2V
in 2 ovariectomized women [8, 20]. Finally,
Goretzlehner et al. [21] characterized also
E2 and El profiles after i.m. administration
of E2V in 17 women. However, contrary to
the present study, none of these aforemen-
tioned studies was carried out with simulta-
neous assessment of surrogates for efficacy
in postmenopausal women, e.g. endometrial
thickness or vaginal maturation index. For
these reasons, new studies with sufficient
number of subjects and simultaneous assess-
ment of pharmacodynamic parameters were
required in order to allow a better insight in
the pharmacokinetics and pharmacodynam-
ics of E2V when administered as intramus-
cular injection intended for a 4 weeks dosing
interval to postmenopausal women.

In the context of the present study, the ana-
lytical method developed for quantitation of
E2 and El with a lower limit of quantitation
of 10 pg/ml obviously showed sufficient sen-
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sitivity for adequate profiling of both analytes
after intramuscular administration of 10-mg
E2V. The GC/MS-NCI/SIM method demon-
strated adequate within-day and between-day
accuracy as deviations from nominal values
indicated in Tables 2 and 3 were less than
15% in the corresponding study sets. The
method also showed adequate within-day and
between-day precision, as CVs in study sets
indicated in same tables were always less than
15%. The method presented recoveries for E2
and E1, which were in good agreement with
the recoveries of the internal standard at three
different nominal concentrations.

In terms of the concentrations of E2 and
El, the pharmacokinetic data from the pres-
ent study are in good agreement with those of
earlier studies performed in postmenopausal
women study with a single i.m. dose of 4-mg
E2V [8] as well as with those performed with
healthy women with a single i.m. dose of 5
mg [7]. In the aforementioned studies, higher
concentrations of E2 compared to those of
El were always observed. This difference
can be explained as a consequence of the i.m.
route of administration, at which, in contrast
to oral administration, E1 concentrations are
lower than E2 levels due to the missing first-
pass elimination.

Compared to the data from Diisterberg
et al. [8] with a 4-mg i.m. dose of E2V, ad-
ministered to 2 subjects only, the geometric
mean C,,,-values of E2 of around 500 pg/
ml after a 10-mg dose in the present study
were close to the mean value reported for the
4-mg dose, i.e. 440 pg/ml. Furthermore, t,,-
values of around 3 days were comparable in
both studies. Here, it must be pointed out that
the formulation administered in the study
from Diisterberg et al. used the same vehicle
composition as that described in this study,
i.e. benzyl benzoate and castor oil.

Compared to the data from Oriowo et al.
[7] with a 5-mg i.m. dose of E2V, adminis-
tered to 30 healthy women, the observed geo-
metric mean C,,,-values of E2 and E1 in both
studies did not markedly differ, i.e. 500 pg/
ml vs. 600 pg/ml for E2 and 200 pg/ml vs.
250 pg/ml for E1. The t,,.-values of E2 and
E1 for test and reference products observed in
this study were ~ 2.91 and 3.91 days, respec-
tively. However, in the study of Oriowo et al.
the corresponding t,,.-values of E2 and El
were reported after 2 and 3 days, respectively.

This slight difference in the release may
be attributed to the formulation composition,
because the formulation used by Oriowo et al.
[22] was composed of arachis oil only, which
shows a lower kinematic viscosity than that of
the castor oil at 37.8 °C (42 ¢St vs. 259 c¢St).
This property of the arachis oil may have per-
mitted as faster diffusion and release of E2V;
however this explanation is speculative and
not based on systematic investigations.

In this study both, the measured values
of E2 and E1 as well as the baseline correct-
ed net values have been considered. Mea-
sured geometric mean AUC,, -values of E2
in the current study have been determined
as 84.7 and 82.7 ngxh/ml (test and refer-
ence), and thus were also similar to 66.2 and
88.9 ng x h/ml E2 observed in the pilot study
published by Kuhnz et al. [6] with 2 females
only. Diisterberg et al. [8] reported conju-
gated E1 data only and in the study carried
out by Oriowo et al. [7] no E1 values were
reported, so that no further comparisons are
possible.

In another earlier study with only sparse
measurements performed by Goretzlehner et
al. [21] after i.m. administration of 5-mg E2V
to 17 postmenopausal women, the highest
mean concentrations were observed on Day 5,
amounting to 272 pg/ml for E2 and 447 pg/
ml for E1 and resulting in an E1/E2 ratio of
1.65. Such a finding is in contrast to other data
in literature and to the present study, at which
E1/E2 ratios of 0.38 for test and reference
products were calculated. E1/E2 ratios above
1 are well known for oral administration of
E2V due to a pronounced first pass effect, thus
such a metabolic ratio is mechanistically im-
plausible after i.m. administration. It is diffi-
cult to judge what might be the reason for this
observation as information about population
characteristics is sparse. These authors used
enzyme immunoassays for E2 and E1 deter-
mination, while a GC/MS-NCI/SIM method
was used in the present study. Thus, the most
probable explanation is that the lesser selec-
tivity of the assay might have resulted in an
overestimation of E1 concentrations. This as-
sumption is supported by the fact that using
the data from Diisterberg et al. [8], high E1/
E2 ratios for C,,, and AUC could be calcu-
lated when conjugated E1 (and not free El)
concentrations were considered. The afore-
mentioned factors may at least partially ex-



BE and PD of i.m. estradiol valerate

115

plain the differences in the metabolic ratios
observed in these two studies. Furthermore,
the mean age of postmenopausal women in
the present study was 13 years lower, but the
measured baseline E2 and E1 concentrations
were always significantly lower.

The primary aim of this study was to
assess bioequivalence of the two products
based on baseline corrected E2 and E1 con-
centrations. According to the net values of the
PK parameters of E2, the bioequivalence cri-
teria were fulfilled with 95% Cls of 94.4%-
110.4% for AUC_ and 94.2 — 122.5% for
Chaxs respectively. The same could be ob-
served with the net PK values of E1, i.e. 95%
Cls of 94.1 — 116.3% for AUC,_, and 93.8
— 121.8% for C,,,, respectively. Point esti-
mates for AUC-values were generally close
to 100%, for C,c-values a trend to slightly
higher ratios with PE around 106 — 107%
still showed high similarity of both products.
PK parameters of E2 and El derived from
measured values and from net values were
highly similar. Considering these data, bio-
equivalence of both products could unam-
biguously be demonstrated.

This is the first study showing the time
course of the pharmacodynamic parameters
endometrial thickness and maturation in-
dex after intramuscular administration of
E2V to postmenopausal women. It is well
known that estrogens stimulate prolifera-
tion of the endometrium and that an uncon-
trolled proliferation may lead to hyperplasia
and endometrial carcinoma [23, 24]. So far,
PD data relating to endometrial response to
HRT were mainly confined to estrogen/pro-
gestin combination therapies of longer dura-
tion [25, 26], but no comparable data were
available for E2V alone, in particular not for
E2V after i.m. administration. However, data
from the present study indicated that the E2
concentration levels reached were more than
sufficient to stimulate the growth of the en-
dometrial cells.

Both treatments led to an increase in
ET and VMI to a similar extent as demon-
strated by other estrogen stimulation studies.
The increase in endometrial thickness from
3 mm to ~ 8§ mm observed between Days
8 and 21 after a single i.m. dose of 10-mg
E2V, noticed already in the first period, was
comparable to that observed after daily p.o.
treatment with 0.06 mg ethinylestradiol af-

ter 14 days, at which an increase from 2 to 7
mm was observed [27]. The data suggest that
already within the 21 days of each observa-
tion period a decline in ET can be observed.
However, no complete return to baseline oc-
curs within 4 weeks of washout and in the
subsequent second treatment period and
even further slight increases to 9 mm could
be detected without observing product-relat-
ed differences.

The vaginal maturation indices observed
in this study were comparable or slightly
higher than those observed after the treatment
with daily oral doses of 0.3 mg of conjugated
estrogens (87 — 92% vs. < 50% on Day 14)
[9]. Maximum is nearly reached after 8 days
and the effect continues beyond the dosing in-
terval of 4 weeks. A slight trend to even higher
values is observed in the second period and
again, no product related differences were
observed. The similarity of the PD effects
of both products was to be expected as both
products were clearly bioequivalent.

In the context of this study, it could be seen
that the plasma levels of E1 returned to base-
line after the washout period, whereas those
of E2 did not. Then again, in terms of physi-
ology, it has been reported that among estro-
gens, E2 exhibits the highest affinity towards
nuclear cellular fractions of human endome-
trium, myometrium, and vagina, and accumu-
lates on those tissues. In comparison with E2,
E1 shows essentially lower affinity and it does
not accumulate on them [28]. These facts may
indicate that the elevated plasma levels of E2
detected in this study were the only respon-
sible for the PD effects described, i.e. increase
in VMI as well as in ET.

In addition, the estrogen stimulation in
this study was also confirmed by several of
the adverse events observed, i.e., abdominal
swelling, swelling of outer genitals and tight-
en of breasts. The aforementioned symptoms
have been reported in other studies con-
ducted in postmenopausal women under hor-
mone replacement therapies [29, 30].

Conclusion

Using measured as well as net values of
E2 and E1 for calculation of C,,, and AUC,, ,,
bioequivalence of both estradiol valerate drug
formulations, i.e. Estradiol-Depot 10 mg®
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(test, Jenapharm) and Progynon Depot-10®
(reference, Schering AG) could clearly be
demonstrated. The endometrial thickness and
the vaginal maturation index showed a direct
response within the first treatment period and
indicated that within 4 weeks no complete
return to baseline occurs. Duration of effect
was more pronounced for maturation index
compared to endometrial thickness. The mag-
nitude of effect was similar for both products
and comparable to other HRTs. The adverse
event pattern with abdominal swelling, swell-
ing of outer genitals and tighten of breasts was
in good accordance with the known side effect
profile of HRT.
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