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Abstract. A total of 277 early postmenopausal womenyear treatment period. Transdermal estradiol is effective
were enrolled in this placebo-controlled 2-year study toand well tolerated at dosages between 25gghlay in
examine the efficacy of a matrix transdermalf417 the prevention of bone loss in postmenopausal women;
estradiol system, at three different dosages (25, 50 an2b pg/day offers an effective option for those women
75 pg/day) combined with sequential oral dydrogester-who cannot tolerate higher doses.

one 20 mg/day, in preventing bone loss. At 2 years, the

difference from placebo in percentage change fronKeywords: Bone turnover; Menopause; Transdermal
baseline of L1-4 lumbar spine bone mineral densityestradiol

(BMD) (assessed by dual-energy X-ray absorptiometry)
was 4.7% = 0.7% with estradiol 25/day, 7.3% = 0.7%
with estradiol 5Qug/day and 8.7% + 0.7% with estradiol
75 ng/day (all values mean + SEM). There were also|ntroduction
significant increases in femoral neck, trochanter and total

hip BMD with all doses of estradiol compared with posimenopausal osteoporosis is a serious age-related
placebo. Additionally, most patients had a significantyisorder that affects millions of women throughout the

gain (increase greater than 2.08%) in lumbar spine bong g and is a major cause of morbidity and mortality

mass compared with placebo. Patients who rece""ggi,Z]. Estimates suggest that approximately 40% of
estradiol also experienced clinically significant and dosegy,omen will experience one or more fractures after the
reIat(_ed decreases in total serum osteocalcin,_ serum bo%ﬁe of 50 years [3].

alkaline phosphatase and urinary C-telopeptide, with all "a¢ the menopause, bone turnover increases, with a
three markers of bone turnover returning to prémenOyeater increase in bone resorption than in bone
pausal levels. Estradiol was well tolerated during the 275 mation [4]. Most bone is lost during the first 3-6

years after the menopause, followed by a smaller but
steady decline [5].
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Nowadays estrogen deficiency is considered to be the
main factor leading to bone loss in postmenopausal
women. It is well documented that hormone replacement
therapy (HRT) initiated soon after the menopause
reduces or even reverses the bone loss that normally
occurs at this time [6,7] and reduces the incidence of
osteoporotic fractures in postmenopausal women [7,8].
Cumulative data in the literature show that long-term
estrogen use is associated with a 50% reduction in the
rate of fractures [9].
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Estrogendecreasedoneremodeling,thus preserving
bone massand the microarchitecturalquality of bone
tissue. Thereforeto preventthe acute bone loss that
occursimmediatelyafter the menopausei is important
that HRT should begin as early as possible and be
maintainedthroughoutthe period of acceleratedbone
loss.

Various estrogensare availablefor clinical use, but
the natural hormone, 17B-estradiol, which is the
predominant estrogen produced by the ovaries in
premenopausalvomen,is the logical choice for HRT.
However, when given orally 60-90% of the dose of
17B-estradiol is metabolized to estrone in the gut
mucosa,and estrogensare inactivatedby glucuronida-
tion in theliver. Thus,high oral doseq0.625mg/dayof
conjugatedequineestrogen®r 2 mg/dayof micronized
estradiol)are requiredto achieveserumconcentrations
of 17B-estradiol adequatefor the preventionof bone
loss. For this reason, non-oral formulations of 173-
estradiol,which avoid first-passmetabolism havebeen
developed;theseinclude vaginal, subcutaneouspercu-
taneousandtransdermabystems.

Transdermahdministrationof 17B-estradiolhasbeen
widely usedover the last decadeand hasbeenshownto
be clinically effective,with the addedbenefitsof being
non-invasive gasyto use,andwell-acceptecy patients
[10,11]. Transdermall7p-estradiol systemshave been
shownto havebone-sparingffectsat a dosageof 50 pug/
day[12-14].

Menorestis a transdermalsystem in which 17B-
estradiolis uniformly dispersedn anadhesivematrix. It
has beenshownto be effective in treating vasomotor
symptoms [15,16] and to be better tolerated than
reservoir patches[15]. The objective of this placebo-
controlledstudywasto examinethe efficacyof 2 years’
treatmentwith a rangeof estradioldosage$n preventing
bonelossin early postmenopausalomen.

Subjects and Methods
ExperimentalSubjects

A total of 277 ambulatorywomen, aged 40-60 years,
with a natural or surgical (bilateral oophorectomy)
menopausdor 1—6 years, serumfollicle stimulating
hormone (FSH) >34.4 mlU/ml and serum estradiol
<30 pg/ml were eligible for inclusion. Otherinclusion
criteriawere:a L1-4 spinebonemineraldensity(BMD)
within 3.0 standarddeviations(SD) below the meanof
healthy young women (i.e. between1.047 and 0.717
g/cn? ‘with dual-energyX-ray absorptiometry(DXA)
Hologic or between1.180 and 0.820 g/cn? Lunar), a
normal,clinically acceptablé®apanicolaoPAP)smear,
and a normalmammogranwithin the previousyear.
Exclusioncriteriawere:anyconditioncontraindicating
theuseof HRT; severgostmenopausalymptomgeither
mean number of hot flushes>10/day in the 2 weeks
before the baselinevisit, or symptomsconsideredas
severeanddisablingthatrequiredHRT); lumbarscoliosis
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impairing DXA examination;a history of non-traumatic
vertebralor femoral fracture;a body massindex (BMI)
>30 kg/m?; any diseaseaffecting bone metabolism;or
any untreatedcendocrineor metabolicdisease.

Any previoustreatmentfor osteoporosisor treatment
within the previous6 monthswith calcitonin, estrogens
or vitamin D >800 IU/day was not permitted.Patients
were also excludedif they required chronic use of
treatmentsthat interfere with bone metabolism(except
the study medication)or chronicuse(>8 days)of drugs
thatinterferewith estrogermetabolism.

Study approvalwas obtainedfrom appropriateethics
committeesheforethe inclusion of patients,andwritten
informed consentwasobtainedfrom eachpatientbefore
participation.

StudyDesign

This randomized,double-maskeddose-ranging,plac-
ebo-controlledstudy was carried out in 19 centersin
Denmark, The Netherlands,Norway, Poland, Sweden
and the United Kingdom betweenDecember1993 and
November1996. Patientswere randomly allocated to
one of the four therapeuticgroups: transdermall7p-
estradiol patches (Menorest, Rhtne-Poulenc Rorer)
delivering 25 pg/day (n=69), 50 pg/day (n=69) or 75
ug/day (n=70), or placebo (n=69), applied twice
weekly. Non-hysterectomizedpatients also received
oral dydrogesteron&0 mg or placebo(placebopatients)
twice daily for the last 14 days of each28-day cycle.
Treatmentcontinuedfor 2 years. All patientshad an
assuredotal dietarycalciumintakeof 1 g/day,including
a calcium supplementof 500 mg/day if necessary.
Patientswere assessedit the initial assessmeng—4
weeksbeforethe baselinevisit, andafter 3, 6, 9, 12, 15,
18, 21 and 24 monthsof treatment,and in the caseof
prematurediscontinuationof therapy.

OutcomeMeasures

The primary efficacy criterion was the percentage
changeversusbaselinein lumbar spine BMD after 2
years’ treatment.Secondaryefficacy criteria included:
gainin lumbarspinebonemassafter 2 years’treatment;
percentagechangesfrom baseline in femoral neck,
trochanter, total hip and total body BMD; and the
percentagechange in biochemical markers of bone
metabolism.

Methodology

During the study, DXA BMD assessmentswvere
performedfor eachpatientusingthe samedensitometer
and, preferably, the sameoperator. Two centersused
Lunar, while the other centersused Hologic densit-
ometers A quality control procedurewas establishedo
ensurecorrectanduniform analysisthroughoutall study
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centers with specific instructions for all aspects of
instrumentoperation.A coordinatingcentertrained at
leastoneoperatorfrom eachstudycenterandconducted
site certificationandfollow-up visits to assesshe skill of
operatorsaandequipmentperformanceThe coordinating
center also reviewed all scans for correct patient
positioning, scanning and analysis technique and, if
necessaryre-analyzedscanslt alsoprovidedphantoms
to establishthe equivalenceof all the equipment.All
correction factors, determinedby the longitudinal QC
usinginternal phantomswere <1%. Thein vivo short-
term precisionerror of the measuremenivas 1.04%.

Lumbar spine (L1-4) and hip (femoral neck,
trochanteric region, Ward’s triangle, intertrochanteric
region (Hologic only) and whole area) BMD were
performedat the initial assessmerdnd after 6, 12, 18
and 24 months of treatment, and if treatmentwas
prematurelydiscontinuedunlessthe lastBMD hadbeen
performedwithin the previous3 months). Total body
BMD was also assessedif the DXA machine was
equippedwith the appropriatesoftware, at the initial
assessmermndafter 12 and24 monthsof therapy andif
treatmentwas prematurelydiscontinued(unlessthe last
BMD had been performed within the previous 6
months).PatientswhoseBMD increasedby more than
twice the short-term coefficient of variation (i.e.,
> 2.08%) were consideredio have gainedbone mass;
patientswhose BMD decreasedoy this amountwere
consideredo havelost bonemass.

Centralizedlaboratoryassessmentsere madeat the
initial assessmerdnd after 3, 6, 12, 18 and 24 months
of therapy,andin the caseof prematurediscontinuation
(if the interval between last patch removal and
termination day was <15 days). Serum estradiolwas
quantitatedby radioimmunoassa(RIA; Estradiol 125l
Sensitive ORION Diagnostica). Blood was analyzed
centrally by RIA for total osteocalcin(ELSA-OSTEO,
CIS Bio Int, France) and bone-specific alkaline
phosphatasg¢Ostase,Hybritech Inc, USA); urine was
analyzed for type 1 collagen C-telopeptide (CTX;
CrosslapsQOsteometeA/S, Denmark,France)corrected
for creatinine. The intra-assay variability for the
estradiol,osteocalcin alkaline phosphatas@nd urinary
C-telopeptideassayswas <20%, <6%, <12% and
< 8%, respectively.

Adverse events were evaluatedfrom investigators’
questioningand by patients volunteering information.
Patientsrecordedskin adverseeventson diary cards.

Compliancewas monitoredby the investigatorusing
patientdiary cardsandfrom unusedmedicationreturned
to the investigator.If compliancefell below 75% over
the 2-year study period, the patientwas excludedfrom
the evaluablepopulation.

Statistical Analyses
Two patientpopulationswere usedto analyzeefficacy:

the intention-to-treat (ITT) population and the per
protocol population. The ITT population, which was
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usedto analyzemeasurementsf bone mass,consisted
of all patientswho were randomizedto treatmentand
who had a baselineand at least one post-treatment
measuremenof lumbar spineBMD. For thosepatients
who withdrew prematurelyfrom the study,for whatever
reasonthe last measuremendf lumbarspineBMD was
carriedforward asthe study endpoint.The per protocol
population,which wasusedto analyzemarkersof bone
turnover, consistedof all evaluablepatientswho had
measurementsf the relevantparametersat the end of
the study.

All statistical tests were two-sided at the 5%
significance level. Treatment group differences in
efficacy parameterswere analyzed using a two-way
analysisof variancewith treatmenfgroupsandcenteras
fixed blocking factors,and eachactive treatmentgroup
was comparedwith placebousing a pairwisestep-down
proceduremaintaining a familywise error rate of 5%
[17].

Results
Descriptionof TreatedPopulation

All 277 enrolledpatientsreceivedstudy medication;69
wererandomizedo placeboand208to activetreatment
with 17B-estradiol (25 pg/day, (n=69); 50 pg/day,
(n=69); 75 pg/day, (n=70). A total of 212 patients
completedthe 2-year study: 74% of patientsin the
placebogroup,and78%,80%and74%in the 25,50 and
75 ug/day groups, respectively. The 65 patientswho
withdrew prematurelyfrom the study did so primarily
becausef adverseevents(17%, 13%, 13% and19%in
the placebo,25, 50 and 75 pg/day groups,respectively).

The main patientcharacteristicat baselineare shown
in Table 1. In general therewere no major differences
betweerthegroupsandtherewereno clinically relevant
differences in L1-4 lumbar spine, femoral neck,
trochanter,total hip or total body BMD, as measured
by Hologic or Lunar densitometers.

Efficacy Assessments

A total of 35 patientsenrolledin the studywereexcluded
from the ITT analysis (n=242) becauseof absent
baselineor post-baselineL1-4 spine BMD measure-
ments,while 76 were excludedfrom the per protocol
analysis (n=201) for biochemical markers of bone
metabolismbecauseof protocol deviations.

After 2 years’treatmentherewereclinically relevant
andstatisticallysignificant(p=0.0001)increasesn L1—
4 spine BMD in all the active treatment groups,
comparedwith a decreasen the placebogroup (Table
2). At 2 yearsthe differencefrom placeboin percentage
changefrom baselineof L1-4 lumbar spineBMD was
4.7%= 0.7%with 17B-estradiol25 pg/day,7.3%=+ 0.7%
with 50 pg/day and 8.7% + 0.7% with 75 ug/day (all
valuesmeant SEM). Figurel showsthattheincreasen
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Table 1. Patients’baselinedemographiaataand clinical characteristics
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17B-Estradiol

Placebo 25 ug/day 50 ug/day 75 ng/day
(n=69) (%) (n=69) (%) (n=69) (%) (n=70) (%)

Caucasian 68 (98.6) 69 (100) 68 (98.6) 69 (98.6)
Age (years)

meant SD 53.3+3.1 53.6% 3.1 53.2+ 3.9 53.1+ 3.5
BMI (kg/m?)

meant SD 243+ 3.0 252+28 256+ 2.6 250+ 2.9
Time sincemenopausémonths)

meant SD 38.7+ 18.8 39.1+ 18.0 42.3+19.2 41.8+ 18.7
Previousestrogen

Yes 3(4.3) 4 (5.8) 6 (8.7) 3(4.3)

No 66 (95.7) 65 (94.2) 63(91.3) 67 (95.7)
Type of menopause

Natural 46 (66.7) 45 (65.2) 58 (84.1) 45 (64.3)

Natural + hysterectomy 22 (31.9) 24 (34.8) 11 (15.9) 22 (31.4)

Oophorectomy 1(1.4) 0 0 3(4.3)
Estradiol (pg/ml)

meant SD 12+ 11 12+ 10 12+ 11 12+ 10
FSH (mIU/ml)

meanx SD 70+ 23 71+ 22 72+ 25 77+ 25
Calcium supplementation

No 24 (34.8) 31 (44.9) 32 (46.4) 30 (42.9)

Yes 45 (65.2) 38(55.1) 37 (53.6) 40 (57.1)
ITT population n==61 n=>58 n =60 n=63
L1-4 spineBMD T-score -1.43+ 0.9 -1.69+ 0.8 -1.46+ 0.9 -1.40+ 0.78

mean+ SD
Per protocol population n=49 n=>51 n=>52 n=49
Serumtotal osteocalcin(ng/ml)

mean+ SD 26.4+ 10.6 244+ 938 271+ 7.7 27.8+9.8
Bone-specificalkaline phosphataséng/ml)

meanz SD 13.7+ 4.7 13.2+ 4.7 141+ 5.0 149+ 4.8
Urinary CTX/creatirine (ug/mmol)

mean+ SD 342.7+ 159.6 330.2+ 173.6 288.7+ 123.4 339.9+ 179.9

SD, standarddeviation;BMI, body massindex; FSH, follicle stimulatinghormone;ITT, intention-to-treat.CTX, C-telopeptide.

Mean change (%)
w

12 18 24
Month

Fig. 1. Mean percentagechange(+ SEM) from baselinein lumbar
spinebonemineraldensity(BMD) by visit andby treatmentgroupin
the intention-to-treat(ITT) population. Subjects received placebo
(opencircles) or 17p-estradiol25 pg (filled circles), 50 pg (crosseyor
75 pug (triangles daily.

o
[o)]

L1-4 spine BMD was dose-dependentwith 1783-
estradiol, with larger increasesduring the first year of
treatment.

At the endof the study,the majority of patients(63.8—
88.9%)who receivedactive treatmenthad a significant
(p=0.0001)gainin lumbar spinebonemass,compared
with only 8.2%in the placebogroup (Table 2).

There were significant increasesfrom baselinein
femoral neck (p<0.0025), trochanter(p=0.0001) and
total hip (p<0.0004)BMD in all the active treatment
groupscomparedvith theplacebayroup(Table2). Figure
2 showsthe percentagechangein femoral neck, troch-
anterandtotal hip BMD throughouthe 2-yearstudy.

Overthe 2-yearstudytherewasa continuousdecrease
in total body BMD in the placebogroup comparedwith
no changein the 25 ng/daygroupandsmallincreasesn
the 50 and 75 pg/day groups (Table 2, Fig. 3). The
differencebetweeneachactive treatmentgroup andthe
placebogroupwassignificant(p=0.0001).
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Table 2. Meanchange(x SEM) in efficacy parameterérom baselineafter 2 years’therapyin the intention-to-treapopulation.A gainin lumbar
spineBMD wasdefinedasan increasefrom baselineof >2.08%(i.e., at leasttwice the short-termcoefficientof variation)

17p-Estradiol

Placebo 25 pg/day 50 pg/day 75 pg/day
(n=61) (n=58) (n=60) (n=63)
L1-4 spineBMD (%) -1.79+ 0.37 2.90+ 0.52 5.53+ 0.63 6.94+ 0.58
p valuevs placebo - 0.0001 0.0001 0.0001
Proportionof patientswith lumbarspine 8.2 63.8 76.7 88.9
BMD gain (%) p valuevs placebo - 0.0001 0.0001 0.0001
Femoralneck BMD (%) —2.04+ 0.49 0.49+ 0.57 3.07+ 0.64 3.21+ 0.67
p valuevs placebo - 0.0025 0.0001 0.0001
TrochanterBMD (%) -1.45+ 0.50 2.58+ 0.64 3.51+ 0.54 5.07+ 0.55
p valuevs placebo - 0.0001 0.0001 0.0001
Total hip BMD? (%) -1.03+ 0.35 1.23+0.45 3.12+ 0.46 429+ 0.49
p valuevs placebo - 0.0004 0.0001 0.0001
Total body BMD® (%) —2.26+ 0.30 0.23+ 0.28 0.73+ 0.36 158+ 0.44
p valuevs placebo - 0.0001 0.0001 0.0001
BMD, bonemineral density.
®n = 47, 46, 47 and 49 for placebo,25, 50 and 75 pg/day, respectively.
Pn = 36, 36, 39 and 38 for placebo,25, 50 and 75 pg/day, respectively.
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The numberof patientswith significantboneloss at
eachskeletalsite was markedly decreasedvith active
therapyrelative to placeboat all testeddoses(Table 3).
With the exceptionof one value for femoral neck, the
decreasesvere dose-dependenat all measuredsites.
There was no apparentdifference in bone loss when

circles), 50 ug (crossey or 75 pg (triangles daily.

patients were categorized according to time since
menopausepossiblydueto the low numbersof actively
treatedpatientswho lost bone (datanot shown).

In the per protocol populationthere were clinically
significant and dose-relateddecreasedn total serum
osteocalcin(p<0.0005),serumbone alkaline phospha-
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Fig. 3. Meanpercentagehange(x SEM) from baselinein total body
boneminerd density(BMD) by visit and by treatmentgroupin the
intention-to-treat(ITT) population.Subjectsreceivedplacebo(open
circles) or 17B-estradiol25 pg (filled circles), 50 ug (crosseyor 75 ug
(triangles daily.

tase(p=0.0001)and urinary C-telopeptide(p=0.0001)
after 2 years’ treatmentwith 17B-estradiol compared
with placebo(Table4). Figure4ashowsthattherewasa
continuousdecreasen total serumosteocalcinover the
whole study (50 and 75 ug/day groups).Serumbone-
specificalkaline phosphatasdecreasedh all the active
treatmentgroupsduring the first 18 months,and there
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was a markeddecreasen urinary C-telopeptideduring
the first 3 monthsof active treatmentwith levels then
remainingstablefor the restof the study (Fig. 4b,c).In
contrast, correspondingvalues in the placebo group
remainedessentiallyunchangedver the 2-yearperiod.
When changein lumbar spine BMD at 2 yearswas
analyzed by categoricaltime since menopause(1-3
yearsand 3—6 years),therewas a significanttreatment-
by-subgrougeffectindicatinga doseeffectdependenbn
the durationof menopauseyith greatergainin women
with the longer duration of menopaus€p=0.011; Fig.
5). The increasesin the 3-6 year subgroupwere 2.0
times and 1.8 timesthosein the 1-3 year subgroupfor
the 50 and 75 pg/day groups,respectively.Analysis of
lumbar spine BMD accordingto baselinelumbar spine
T-score(T=-1SD,n=73;-1SD>T>-2.5,n=129;0r
T<-2.5 SD, n=40), did not show a significant
treatment-by-subgroueffect (p=0.84; datanot shown).

Tolerability

All 277 patientsenrolledwereincludedin theanalysisof
safety. There were no deathsduring the study and no
significantdifferencesbetweerthe groupsin the number
of patientswho experiencedat leastone adverseevent.
Overall, the most frequent adverse events were:

Table 3. Number (%) of patientswith BMD loss after 2 years’ therapyin the intention-totreat population.A lossin BMD was definedasa
decreasdrom baselineof >2.08%(i.e., at leasttwice the shortterm coefficientof variation)

17B-Estradiol

Placebo 25 pg/day 50 ug/day 75 ug/day

(n=61) (n=58) (n=60) (n=63)
L1-4 spine 25 (41.0%) 10 (17.2%) 3 (5.0%) 1(1.6%)
Femoralneck 28 (45.9%) 18 (31.0%) 4 (6.7%) 7 (11.1%)
Trochanter 26 (42.6%) 10 (17.2%) 5 (8.3%) 3 (4.8%)
Total hip? 17 (36.2%) 9 (19.6%) 2 (4.3%) 2 (4.1%)
Total body’ 22 (61.1%) 3 (8.3%) 5 (12.8%) 3 (7.9%)

BMD, bonemineraldensity.

®n = 47, 46, 47 and 49 for placebo,25, 50 and 75 pg/day, respectively.
Pn = 36, 36, 39 and 38 for placebo,25, 50 and 75 pg/day, respectively.

Table 4. Mean percentagehange(s.e.m.)in biochemicalmarkersof boneturnoverfrom baselineafter 2 years’therapyin the per protocol

population

17B-Estradiol

Placebo 25 pg/day 50 pg/day 75 ng/day
(n=49) (n=51) (n=52) (n=49)
Serumtotal osteocalcin(%) 3.92+ 3.67 -9.01+ 6.9C° —34.90+ 2.98 —44.19+ 2.77
p valuevs placebo - a 0.0001 0.0001
Bone-specificalkaline phosphatasé) -2.86% 2.99 —24.51+ 3.29 -30.73+ 3.32 -38.71+ 2.36
p valuevs placebo - 0.0001 0.0001 0.0001
Urinary CTX/creatirine (%) 11.35+ 7.13 —39.49+ 4.96 —43.46+ 6.27 —63.46+ 3.66
p valuevs placebo - 0.0001 0.0001 0.0001

2-14.55+ 4.21;p = 0.0005(n = 50) whenone patientoutlier is excluded(this patienthad an abnormallylow baselinevalue).
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Fig. 4. Mean percentagehange(x SEM) from baselinein a serum
total osteocalcin,b serumbone-specificalkaline phosphatasand c
urinary C-telopeptidgCTX) by visit andby treatmengroupin the per
protocol population.Subjectsreceivedplacebo(opencircles) or 17B-
estradiol 25 pg (filled circles), 50 pg (crossey or 75 ug (triangleg
daily.
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applicationsite reactions headacherhinitis, abdominal
pain,'flu syndrome packandbreastpain. Most adverse
eventswere classifiedas mild-to-moderateand, except
for applicationsite reactionsand breastpain, were not

generally considered to be related to the study

medication.
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L1 <36 months
38 > 36 months

Mean change (%)

Placebo 25 50 75
Estradiol dose (ug/day)

Fig. 5. Mean percentagechange(x SEM) from baselinein lumbar
spineBMD after 2 years’therapy,in patientswith up to 36 months’
menopausgn = 131) or more than 36 months (n = 111), in the
intention-totreat population.

At the baselinevisit, the majority of patients(= 93%)
reportedhavingno breastendernessguringthe previous
3 months. After 3 months of treatment,9 (14.5%)
placebo patientsreported breasttendernesscompared
with 26 (39.4%),33 (54.1%)and 42 (63.6%)in the 25,
50 and 75 pg/day groups,respectively.Thereafter,the
numberof patientswith breasttendernesslecrease@dnd
at the end of the studyit wasreportedby 4 (8.2%), 10
(18.9%), 5 (9.3%) and 11 (21.2%) patients in the
placebo,25, 50 and 75 pg/day groups,respectively.

A total of 14 patientshadseriousadversesvents(5 in
theplacebogroupand4, 1 and4 in the 25,50 and75 pg/
day 17B-estradiol groups, respectively).However, this
was only thoughtto be possibly related to the study
medication(75 pg/day17B-estradiol)in onepatientwho
experiencedaundiceand somnolence.

Pharmacokinetics

A linearrelationshipwasfound betweenserumestradiol
concentrationsincluding the placebogroup, and dose.
Steady-statemedian values were very stable between
visits: medianranges5.0-7.0,20.0-22.035.5-43.0and
52.0-57.5pg/ml for the placebo,25, 50 and 75 pg/day
groups, respectively. Changesin lumbar spine BMD

over time could be relatedto estradiollevels using a
polynomial regressiormodel:

% BMD change= 2.8263+ 0.2936E, — 0.0018(E,)?

whereE; is the concentratiorof estradiolin picograms
per milliliter (R? = 0.43;n=198).

Discusson

This randomized,double-maskeddose-rangingmulti-
center,placebo-controlledgtudy of 277 postmenopausal
women aged 40—60 years examinedthe efficacy of 2
years’ treatmentwith three different dosesof a novel
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transdermaéstradioldelivery systemgivencontinuously
with a sequential progestin. Baseline demographic
characteristicsvere comparableacrossall the treatment
groups.

After 2 years’ treatment there were significant
increasesn lumbar spineBMD in all active treatment
groupscomparedwith baselinevaluesand the placebo
group. Furthermore,significantly more patientsin the
active treatmentgroupsgainedlumbar spinebonemass
atthe endof the studycomparedvith the placebogroup.
Active treatmentalsoresultedin significantincreasesn
femoral neck, trochanterand total hip BMD versus
baselinecomparedwith decrease the placebogroup.
Total body BMD was measuredonly at those centers
with densitometers equipped with the appropriate
analytical software. However, despite the smaller
number of patients in this analysis, the difference
betweeneach active treatmentgroup and the placebo
group at the end of the study was also significantand
dose-dependenthus,all the beneficialeffectson BMD
of treatmentwith 17B-estradiolweredose-dependenin
particular,to our knowledgethis is the first major study
to demonstratesustained and significantly superior
efficacy over placebo of a daily 25 pg dose,
supplementetdy up to 500 mg calciumwherenecessary,
in the preventionof boneloss.Others for example have
comparedhe effectsof 3 years’treatmentwith 25 and
50 ug/dayof 17B-estradiolusinga differenttransdermal
delivery systemand found no dose-dependengffects
[18].

It haspreviouslybeendemonstratethatthe beneficial
effectsof estrogenon boneare only maintainedduring
active therapy, and that discontinuationof treatment
resultsin animmediateresumptionof bonelossat a rate
comparableo thatseenin untreateccontrols[19]. Since
thereis an accelerategphaseof acuteboneloss during
the first 3—-6 yearsafter menopausg5], it is crucial to
maintain active therapy throughout this period. To
minimize side-effectsduring long-term HRT treatment
and therefore reduce the likelihood of treatment
discontinuation, it is important to use the lowest
therapeuticallyeffective doseof estrogenUntil now it
hasbeenwidely acceptedhat 50 ug/day of transdermal
17B-estradiol was the minimum dosage required to
prevent lumbar spine loss in postmenopausalvomen
[14]. However,the study demonstratinghis effect was
conductedin bilaterally ovariectomizedwomen, who
may well requirehigherdosesthanwomenwith natural
menopauseasin the presentstudy. Our resultssuggest
that 17p-estradiolat dosesaslow as 25 pg/dayinduces
significantincreasesn bonemass,andalso confirm the
benefitof current37.5 ug delivery systems.

Previousstudieshavedemonstratedhatthe Menorest
deliverysystemallowstransdermateleaseof estradiolat
a constantand reproduciblerate at dosesrangingfrom
2510 100 ug/day[20]. Thereis alsoa linear relationship
betweenthe doseof estradioladministereddetermined
by the patcharea)andits serumconcentratiorf20]. In a
1-year, randomized dose-responsestudy of patients
treatedwith estradiolimplants,changesn bonedensity
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were clearly shownto correlatewith estradiol plasma
levels [21]. The presentstudy confirmedtheseresults,
and demonstratedthat serum estradiol concentrations
were maintained at or above the classical target of
40 pg/ml with doses>=50 pg/day. As expected,serum
estradiolconcentrationsn the 50 and 75 pg/day groups
correlatedwith greaterincreasesn lumbarspineBMD.
However,this study clearly demonstratethat a doseof
25 ng/day, which delivereda medianconcentrationof
around20 pg/ml, wasneverthelessignificantlyeffective
relative to placebo.

Interestingly, there was a statistically significant
relationshipbetweenthe time since menopausend the
change in lumbar spine BMD. Patients with a
menopausenorethan3 yearsbeforethe startof therapy
had larger increasesin BMD, suggestingthat the
capacity of estrogen-sensitivetissues to respond to
estrogentherapyincreaseswith the period of estrogen
deprivation. In order to maximize bone preservation,
however, therapy may begin immediately after the
menopauseavith 50 pg/day 17p-estradiol. This dosage
may thenbe decreasedo 25 ng/day 3—4 yearsafter the
menopausé,e., afterthe periodof acceleratedboneloss,
which may help compliance.

The major effect of estrogentherapyin postmeno-
pausalwomen is to reduce bone turnover, with bone
resorptiondecreasingmore than bone formation [22].
During this 2-yearstudytherewereclinically significant
anddose-relatedecreasem the biochemicamarkersof
bone turnover with 17B-estradiol compared with
placebo.Decreasesn the levels of the boneresorption
marker,urinary C-telopeptideweregreaterthanthoseof
the boneformation markersserumtotal osteocalcinand
serumbone-specificalkaline phosphatasdn the active
treatment groups urinary C-telopeptide, serum total
osteocalcinand serum bone-specificalkaline phospha-
taselevelshadreturnedto premenopausalaluesafter 3,
12 and 18 months of treatment, respectively. These
resultsare consistentwith a delayedfall in the rate of
boneformationin responsdo the decreasén the rate of
bone resorption,and are consistentwith the observed
increasesn BMD.

The combinationof 17B3-estradiolanddydrogesterone
was generallywell tolerated,with similar incidencesof
adverseeventsin the active and placebogroups.Most
adverseeventswere of mild-to-moderateseverity.Only
application-site reactions and breast pain (which
increasedwith dose) were more common with 17B-
estradiolthanwith placeboandconsideredo be possibly
— or probably— relatedto the study medication.There
were no other relevantdifferencesin the incidencesof
adverse events between the treatment groups. The
incidence of adverse events resulting in premature
withdrawal from treatment was similar in all the
treatmentgroups.

In summarythis studydemonstratethatthe Menorest
matrix systemof transdermall7p-estradiolis effective
andwell toleratedat dosagedetween25 and 75 pg/day
in the prevention of bone loss in postmenopausal
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women.While 50 ug/dayis anappropriatestartingdose,
a dose of 25 pg/day is an effective option for those
womenwho cannottoleratehigherdoses.
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