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Abstract. A total of 277 early postmenopausal women
were enrolled in this placebo-controlled 2-year study to
examine the efficacy of a matrix transdermal 17b-
estradiol system, at three different dosages (25, 50 and
75 mg/day) combined with sequential oral dydrogester-
one 20 mg/day, in preventing bone loss. At 2 years, the
difference from placebo in percentage change from
baseline of L1–4 lumbar spine bone mineral density
(BMD) (assessed by dual-energy X-ray absorptiometry)
was 4.7% ± 0.7% with estradiol 25mg/day, 7.3% ± 0.7%
with estradiol 50mg/day and 8.7% ± 0.7% with estradiol
75 mg/day (all values mean ± SEM). There were also
significant increases in femoral neck, trochanter and total
hip BMD with all doses of estradiol compared with
placebo. Additionally, most patients had a significant
gain (increase greater than 2.08%) in lumbar spine bone
mass compared with placebo. Patients who received
estradiol also experienced clinically significant and dose-
related decreases in total serum osteocalcin, serum bone
alkaline phosphatase and urinary C-telopeptide, with all
three markers of bone turnover returning to premeno-
pausal levels. Estradiol was well tolerated during the 2-

year treatment period. Transdermal estradiol is effective
and well tolerated at dosages between 25–75mg/day in
the prevention of bone loss in postmenopausal women;
25 mg/day offers an effective option for those women
who cannot tolerate higher doses.

Keywords: Bone turnover; Menopause; Transdermal
estradiol

Introduction

Postmenopausal osteoporosis is a serious age-related
disorder that affects millions of women throughout the
world, and is a major cause of morbidity and mortality
[1,2]. Estimates suggest that approximately 40% of
women will experience one or more fractures after the
age of 50 years [3].

At the menopause, bone turnover increases, with a
greater increase in bone resorption than in bone
formation [4]. Most bone is lost during the first 3–6
years after the menopause, followed by a smaller but
steady decline [5].

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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Estrogendecreasesboneremodeling,thuspreserving
bone massand the microarchitecturalquality of bone
tissue. Therefore to prevent the acute bone loss that
occursimmediatelyafter the menopause,it is important
that HRT should begin as early as possible and be
maintainedthroughoutthe period of acceleratedbone
loss.

Various estrogensare available for clinical use,but
the natural hormone, 17b-estradiol, which is the
predominant estrogen produced by the ovaries in
premenopausalwomen, 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 the liver. Thus,high oral doses(0.625mg/dayof
conjugatedequineestrogensor 2 mg/dayof micronized
estradiol)are requiredto achieveserumconcentrations
of 17b-estradiol adequatefor the prevention of bone
loss. For this reason,non-oral formulations of 17b-
estradiol,which avoid first-passmetabolism,havebeen
developed;theseinclude vaginal, subcutaneous,percu-
taneousandtransdermalsystems.

Transdermaladministrationof 17b-estradiolhasbeen
widely usedover the last decadeandhasbeenshownto
be clinically effective,with the addedbenefitsof being
non-invasive,easyto use,andwell-acceptedby patients
[10,11]. Transdermal17b-estradiol systemshave been
shownto havebone-sparingeffectsat a dosageof 50mg/
day [12–14].

Menorest is a transdermalsystem in which 17b-
estradiolis uniformly dispersedin anadhesivematrix. It
has beenshown to 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 estradioldosagesin preventing
bonelossin early postmenopausalwomen.

Subjects and Methods

ExperimentalSubjects

A total of 277 ambulatorywomen,aged40–60 years,
with a natural or surgical (bilateral oophorectomy)
menopausefor 1—6 years, serum follicle stimulating
hormone (FSH) 434.4 mIU/ml and serum estradiol
530 pg/ml wereeligible for inclusion.Other inclusion
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/cm2 with dual-energyX-ray absorptiometry(DXA)
Hologic or between1.180 and 0.820 g/cm2 Lunar), a
normal,clinically acceptablePapanicolaou(PAP)smear,
anda normalmammogramwithin the previousyear.

Exclusioncriteriawere:anyconditioncontraindicating
theuseof HRT; severepostmenopausalsymptoms(either
mean number of hot flushes>10/day in the 2 weeks
before the baselinevisit, or symptomsconsideredas
severeanddisablingthatrequiredHRT); lumbarscoliosis

impairing DXA examination;a history of non-traumatic
vertebralor femoral fracture;a body massindex (BMI)
>30 kg/m2; any diseaseaffecting bonemetabolism;or
anyuntreatedendocrineor metabolicdisease.

Any previoustreatmentfor osteoporosis,or treatment
within the previous6 monthswith calcitonin,estrogens
or vitamin D >800 IU/day was not permitted.Patients
were also excluded if they required chronic use of
treatmentsthat interferewith bonemetabolism(except
the studymedication)or chronicuse(>8 days)of drugs
that interferewith estrogenmetabolism.

Studyapprovalwasobtainedfrom appropriateethics
committeesbeforethe inclusionof patients,andwritten
informedconsentwasobtainedfrom eachpatientbefore
participation.

StudyDesign

This randomized,double-masked,dose-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: transdermal17b-
estradiol patches (Menorest, Rhône-Poulenc Rorer)
delivering 25 mg/day (n= 69), 50 mg/day (n= 69) or 75
mg/day (n= 70), or placebo (n= 69), applied twice
weekly. Non-hysterectomizedpatients also received
oral dydrogesterone10 mg or placebo(placebopatients)
twice daily for the last 14 days of each28-day cycle.
Treatmentcontinuedfor 2 years.All patientshad an
assuredtotal dietarycalciumintakeof 1 g/day,including
a calcium supplementof 500 mg/day if necessary.
Patients were assessedat the initial assessment2–4
weeksbeforethebaselinevisit, 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:
gain in lumbarspinebonemassafter2 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 assessmentswere
performedfor eachpatientusingthe samedensitometer
and, preferably, the sameoperator.Two centersused
Lunar, while the other centers used Hologic densit-
ometers.A quality control procedurewasestablishedto
ensurecorrectanduniform analysisthroughoutall study
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centers with specific instructions for all aspectsof
instrumentoperation.A coordinatingcenter trained at
leastoneoperatorfrom eachstudycenterandconducted
sitecertificationandfollow-up visits to assesstheskill of
operatorsandequipmentperformance.Thecoordinating
center also reviewed all scans for correct patient
positioning, scanning and analysis technique and, if
necessary,re-analyzedscans.It alsoprovidedphantoms
to establishthe equivalenceof all the equipment.All
correction factors, determinedby the longitudinal QC
usinginternalphantoms,were51%. The in vivo short-
term precisionerror of the measurementwas1.04%.

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 assessmentand after 6, 12, 18
and 24 months of treatment, and if treatment was
prematurelydiscontinued(unlessthelastBMD hadbeen
performedwithin the previous3 months).Total body
BMD was also assessed,if the DXA machine was
equippedwith the appropriatesoftware, at the initial
assessmentandafter12 and24 monthsof therapy,andif
treatmentwasprematurelydiscontinued(unlessthe last
BMD had been performed within the previous 6
months).PatientswhoseBMD increasedby more than
twice the short-term coefficient of variation (i.e.,
42.08%) were consideredto have gainedbone mass;
patientswhose BMD decreasedby this amount were
consideredto havelost bonemass.

Centralizedlaboratoryassessmentswere madeat the
initial assessmentand after 3, 6, 12, 18 and 24 months
of therapy,andin the caseof prematurediscontinuation
(if the interval between last patch removal and
terminationday was 415 days). Serumestradiolwas
quantitatedby radioimmunoassay (RIA; Estradiol 125I
Sensitive ORION Diagnostica). Blood was analyzed
centrally by RIA for total osteocalcin(ELSA-OSTEO,
CIS Bio Int, France) and bone-specific alkaline
phosphatase(Ostase,Hybritech Inc, USA); urine was
analyzed for type 1 collagen C-telopeptide (CTX;
Crosslaps;OsteometerA/S, Denmark,France)corrected
for creatinine. The intra-assay variability for the
estradiol,osteocalcin,alkaline phosphataseand urinary
C-telopeptideassayswas 520%, 56%, 512% and
58%, respectively.

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

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

StatisticalAnalyses

Two patientpopulationswere usedto analyzeefficacy:
the intention-to-treat (ITT) population and the per
protocol population. The ITT population, which was

usedto analyzemeasurementsof bonemass,consisted
of all patientswho were randomizedto treatmentand
who had a baseline and at least one post-treatment
measurementof lumbar spineBMD. For thosepatients
who withdrewprematurelyfrom thestudy,for whatever
reason,the last measurementof lumbarspineBMD was
carriedforward as the studyendpoint.The per protocol
population,which wasusedto analyzemarkersof bone
turnover, consistedof all evaluablepatientswho had
measurementsof 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 treatmentgroupsandcenteras
fixed blocking factors,and eachactive treatmentgroup
wascomparedwith placebousinga pairwisestep-down
proceduremaintaining a familywise error rate of 5%
[17].

Results

Descriptionof TreatedPopulation

All 277 enrolledpatientsreceivedstudymedication;69
wererandomizedto placeboand208to activetreatment
with 17b-estradiol (25 mg/day, (n= 69); 50 mg/day,
(n= 69); 75 mg/day, (n= 70). A total of 212 patients
completed the 2-year study: 74% of patients in the
placebogroup,and78%,80%and74%in the25,50 and
75 mg/day groups, respectively.The 65 patientswho
withdrew prematurelyfrom the study did so primarily
becauseof adverseevents(17%,13%,13% and19% in
theplacebo,25, 50 and75 mg/daygroups,respectively).

Themainpatientcharacteristicsat baselineareshown
in Table 1. In general,therewereno major differences
betweenthegroups,andtherewerenoclinically relevant
differences in L1–4 lumbar spine, femoral neck,
trochanter,total hip or total body BMD, as measured
by Hologic or Lunar densitometers.

EfficacyAssessments

A total of 35patientsenrolledin thestudywereexcluded
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 protocoldeviations.

After 2 years’treatmenttherewereclinically relevant
andstatisticallysignificant(p= 0.0001)increasesin L1–
4 spine BMD in all the active treatment groups,
comparedwith a decreasein the placebogroup (Table
2). At 2 yearsthedifferencefrom placeboin percentage
changefrom baselineof L1–4 lumbar spineBMD was
4.7%± 0.7%with 17b-estradiol25mg/day,7.3%± 0.7%
with 50 mg/day and 8.7% ± 0.7% with 75 mg/day (all
valuesmean± SEM).Figure1 showsthattheincreasein
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L1–4 spine BMD was dose-dependentwith 17b-
estradiol,with larger increasesduring the first year of
treatment.

At theendof thestudy,themajority of patients(63.8–
88.9%)who receivedactive treatmenthad a significant
(p= 0.0001)gain in lumbarspinebonemass,compared
with only 8.2%in the placebogroup(Table2).

There were significant increasesfrom baseline in
femoral neck (p40.0025), trochanter(p= 0.0001) and
total hip (p40.0004)BMD in all the active treatment
groupscomparedwith theplacebogroup(Table2).Figure
2 showsthe percentagechangein femoral neck, troch-
anterandtotal hip BMD throughoutthe2-yearstudy.

Overthe2-yearstudytherewasa continuousdecrease
in total body BMD in the placebogroupcomparedwith
no changein the25 mg/daygroupandsmall increasesin
the 50 and 75 mg/day groups (Table 2, Fig. 3). The
differencebetweeneachactive treatmentgroupandthe
placebogroupwassignificant(p= 0.0001).

Table 1. Patients’baselinedemographicdataandclinical characteristics

17b-Estradiol

Placebo
(n = 69) (%)

25 mg/day
(n = 69) (%)

50 mg/day
(n = 69) (%)

75 mg/day
(n = 70) (%)

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

mean± SD 53.3 ± 3.1 53.6± 3.1 53.2± 3.9 53.1 ± 3.5
BMI (kg/m2)

mean± SD 24.3 ± 3.0 25.2± 2.8 25.6± 2.6 25.0 ± 2.9
Time sincemenopause(months)

mean± SD 38.7 ± 18.8 39.1± 18.0 42.3± 19.2 41.8 ± 18.7
Previousestrogen

Yes
No

3 (4.3)
66 (95.7)

4 (5.8)
65 (94.2)

6 (8.7)
63 (91.3)

3 (4.3)
67 (95.7)

Type of menopause
Natural
Natural+ hysterectomy
Oophorectomy

46 (66.7)
22 (31.9)
1 (1.4)

45 (65.2)
24 (34.8)
0

58 (84.1)
11 (15.9)
0

45 (64.3)
22 (31.4)
3 (4.3)

Estradiol(pg/ml)
mean± SD 12 ± 11 12 ± 10 12 ± 11 12 ± 10

FSH (mIU/ml)
mean± SD 70 ± 23 71 ± 22 72 ± 25 77 ± 25

Calciumsupplementation
No
Yes

24 (34.8)
45 (65.2)

31 (44.9)
38 (55.1)

32 (46.4)
37 (53.6)

30 (42.9)
40 (57.1)

ITT population n = 61 n = 58 n = 60 n = 63

L1–4 spineBMD T-score
mean± SD

–1.43± 0.9 –1.69± 0.8 –1.46± 0.9 –1.40± 0.78

Perprotocolpopulation n = 49 n = 51 n = 52 n = 49

Serumtotal osteocalcin(ng/ml)
mean± SD 26.4 ± 10.6 24.4± 9.8 27.1± 7.7 27.8 ± 9.8

Bone-specificalkalinephosphatase(ng/ml)
mean± SD 13.7 ± 4.7 13.2± 4.7 14.1± 5.0 14.9 ± 4.8

Urinary CTX/creatinine (mg/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.

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 17b-estradiol25mg (filled circles), 50mg (crosses) or
75 mg (triangles) daily.
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The numberof patientswith significantboneloss at
eachskeletalsite was markedly decreasedwith active
therapyrelative to placeboat all testeddoses(Table3).
With the exceptionof one value for femoral neck, the
decreaseswere dose-dependentat all measuredsites.
There was no apparentdifference in bone loss when

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

In the per protocol population there were clinically
significant and dose-relateddecreasesin total serum
osteocalcin(p40.0005),serumbonealkaline phospha-

Table 2. Meanchange(± SEM) in efficacyparametersfrom baselineafter2 years’therapyin the intention-to-treatpopulation.A gain in lumbar
spineBMD wasdefinedasan increasefrom baselineof 52.08%(i.e., at leasttwice the short-termcoefficientof variation)

17b-Estradiol

Placebo
(n = 61)

25 mg/day
(n = 58)

50 mg/day
(n = 60)

75 mg/day
(n = 63)

L1–4 spineBMD (%)
p valuevs placebo

–1.79± 0.37
–

2.90± 0.52
0.0001

5.53± 0.63
0.0001

6.94± 0.58
0.0001

Proportionof patientswith lumbarspine
BMD gain (%) p valuevs placebo

8.2
–

63.8
0.0001

76.7
0.0001

88.9
0.0001

FemoralneckBMD (%)
p valuevs placebo

–2.04± 0.49
–

0.49± 0.57
0.0025

3.07± 0.64
0.0001

3.21± 0.67
0.0001

TrochanterBMD (%)
p valuevs placebo

–1.45± 0.50
–

2.58± 0.64
0.0001

3.51± 0.54
0.0001

5.07± 0.55
0.0001

Total hip BMDa (%)
p valuevs placebo

–1.03± 0.35
–

1.23± 0.45
0.0004

3.12± 0.46
0.0001

4.29± 0.49
0.0001

Total body BMDb (%)
p valuevs placebo

–2.26± 0.30
–

0.23± 0.28
0.0001

0.73± 0.36
0.0001

1.58± 0.44
0.0001

BMD, bonemineraldensity.
an = 47, 46, 47 and49 for placebo,25, 50 and75 mg/day,respectively.
bn = 36, 36, 39 and38 for placebo,25, 50 and75 mg/day,respectively.

Fig. 2. Meanpercentagechange(± SEM) from baselinein a femoral
neck,b trochanterandc total hip bonemineraldensity(BMD) by visit
and by treatmentgroup in the intention-to-treat(ITT) population.
Subjectsreceivedplacebo(opencircles) or 17b-estradiol25mg (filled
circles), 50 mg (crosses) or 75 mg (triangles) daily.
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tase(p= 0.0001)and urinary C-telopeptide(p= 0.0001)
after 2 years’ treatmentwith 17b-estradiol compared
with placebo(Table4). Figure4ashowsthat therewasa
continuousdecreasein total serumosteocalcinover the
whole study (50 and 75 mg/day groups).Serumbone-
specificalkalinephosphatasedecreasedin all the active
treatmentgroupsduring the first 18 months,and there

was a markeddecreasein 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
remainedessentiallyunchangedover the 2-yearperiod.

When changein lumbar spine BMD at 2 yearswas
analyzed by categorical time since menopause(1–3
yearsand3–6 years),therewasa significanttreatment-
by-subgroupeffect indicatinga doseeffectdependenton
the durationof menopause,with greatergain in women
with the longer durationof menopause(p= 0.011; Fig.
5). The increasesin the 3–6 year subgroupwere 2.0
times and1.8 times thosein the 1–3 year subgroupfor
the 50 and 75 mg/day groups,respectively.Analysis of
lumbar spineBMD accordingto baselinelumbar spine
T-score(T5–1 SD,n= 73; –1 SD > T5–2.5,n= 129;or
T5–2.5 SD, n= 40), did not show a significant
treatment-by-subgroupeffect (p= 0.84;datanot shown).

Tolerability

All 277patientsenrolledwereincludedin theanalysisof
safety.There were no deathsduring the study and no
significantdifferencesbetweenthegroupsin thenumber
of patientswho experiencedat leastoneadverseevent.
Overall, the most frequent adverse events were:

Fig. 3. Meanpercentagechange(± SEM) from baselinein total body
bonemineral density(BMD) by visit and by treatmentgroup in the
intention-to-treat(ITT) population.Subjectsreceivedplacebo(open
circles) or 17b-estradiol25mg (filled circles), 50mg (crosses) or 75mg
(triangles) daily.

Table 3. Number(%) of patientswith BMD lossafter 2 years’ therapyin the intention-to-treat population.A loss in BMD was definedas a
decreasefrom baselineof 52.08%(i.e., at leasttwice the short term coefficientof variation)

17b-Estradiol

Placebo
(n = 61)

25 mg/day
(n = 58)

50 mg/day
(n = 60)

75 mg/day
(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 hipa 17 (36.2%) 9 (19.6%) 2 (4.3%) 2 (4.1%)
Total bodyb 22 (61.1%) 3 (8.3%) 5 (12.8%) 3 (7.9%)

BMD, bonemineraldensity.
an = 47, 46, 47 and49 for placebo,25, 50 and75 mg/day,respectively.
bn = 36, 36, 39 and38 for placebo,25, 50 and75 mg/day,respectively.

Table 4. Mean percentagechange(s.e.m.)in biochemicalmarkersof boneturnover from baselineafter 2 years’ therapyin the per protocol
population

17b-Estradiol

Placebo
(n = 49)

25 mg/day
(n = 51)

50 mg/day
(n = 52)

75 mg/day
(n = 49)

Serumtotal osteocalcin(%)
p valuevs placebo

3.92± 3.67
–

–9.01± 6.90a

a
–34.90± 2.98
0.0001

–44.19± 2.77
0.0001

Bone-specificalkalinephosphatase(%)
p valuevs placebo

–2.86± 2.99
–

–24.51± 3.29
0.0001

–30.73± 3.32
0.0001

–38.71± 2.36
0.0001

Urinary CTX/creatinine (%)
p valuevs placebo

11.35± 7.13
–

–39.49± 4.96
0.0001

–43.46± 6.27
0.0001

–63.46± 3.66
0.0001

a–14.55± 4.21;p = 0.0005(n = 50) whenonepatientoutlier is excluded(this patienthadan abnormallylow baselinevalue).
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applicationsite reactions,headache,rhinitis, abdominal
pain, ’flu syndrome,backandbreastpain.Most adverse
eventswere classifiedas mild-to-moderateand, except
for applicationsite reactionsand breastpain, were not
generally considered to be related to the study
medication.

At thebaselinevisit, themajority of patients(593%)
reportedhavingno breasttendernessduringtheprevious
3 months. After 3 months of treatment, 9 (14.5%)
placebopatientsreportedbreast tenderness,compared
with 26 (39.4%),33 (54.1%)and42 (63.6%)in the 25,
50 and 75 mg/day groups,respectively.Thereafter,the
numberof patientswith breasttendernessdecreasedand
at the endof the study it was reportedby 4 (8.2%),10
(18.9%), 5 (9.3%) and 11 (21.2%) patients in the
placebo,25, 50 and75 mg/daygroups,respectively.

A total of 14 patientshadseriousadverseevents(5 in
theplacebogroupand4, 1 and4 in the25,50 and75mg/
day 17b-estradiol groups,respectively).However, this
was only thought to be possibly related to the study
medication(75mg/day17b-estradiol)in onepatientwho
experiencedjaundiceandsomnolence.

Pharmacokinetics

A linear relationshipwasfoundbetweenserumestradiol
concentrations,including the placebogroup, and dose.
Steady-statemedian values were very stable between
visits: medianranges5.0–7.0,20.0–22.0,35.5–43.0and
52.0–57.5pg/ml for the placebo,25, 50 and 75 mg/day
groups, respectively.Changesin lumbar spine BMD
over time could be related to estradiol levels using a
polynomial regressionmodel:

% BMD change= 2.8263+ 0.2936E2 – 0.0018(E2)
2

whereE2 is the concentrationof estradiolin picograms
per milliliter (R2 = 0.43;n= 198).

Discussion

This randomized,double-masked,dose-ranging,multi-
center,placebo-controlledstudyof 277 postmenopausal
women aged40–60 years examinedthe efficacy of 2
years’ treatmentwith three different dosesof a novel

Fig. 4. Mean percentagechange(± SEM) from baselinein a serum
total osteocalcin,b serumbone-specificalkaline phosphataseand c
urinaryC-telopeptide(CTX) by visit andby treatmentgroupin theper
protocolpopulation.Subjectsreceivedplacebo(opencircles) or 17b-
estradiol25 mg (filled circles), 50 mg (crosses) or 75 mg (triangles)
daily.

Fig. 5. Mean percentagechange(± SEM) from baselinein lumbar
spineBMD after 2 years’ therapy,in patientswith up to 36 months’
menopause(n = 131) or more than 36 months (n = 111), in the
intention-to-treatpopulation.
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transdermalestradioldeliverysystemgivencontinuously
with a sequential progestin. Baseline demographic
characteristicswerecomparableacrossall the treatment
groups.

After 2 years’ treatment there were significant
increasesin lumbar spineBMD in all active treatment
groupscomparedwith baselinevaluesand the placebo
group. Furthermore,significantly more patients in the
active treatmentgroupsgainedlumbarspinebonemass
at theendof thestudycomparedwith theplacebogroup.
Active treatmentalsoresultedin significantincreasesin
femoral neck, trochanter and total hip BMD versus
baselinecomparedwith decreasesin the placebogroup.
Total body BMD was measuredonly at thosecenters
with densitometersequipped 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-dependent.Thus,all thebeneficialeffectson BMD
of treatmentwith 17b-estradiolweredose-dependent.In
particular,to our knowledgethis is the first major study
to demonstratesustained and significantly superior
efficacy over placebo of a daily 25 mg dose,
supplementedby up to 500mgcalciumwherenecessary,
in thepreventionof boneloss.Others,for example,have
comparedthe effectsof 3 years’ treatmentwith 25 and
50 mg/dayof 17b-estradiolusinga different transdermal
delivery systemand found no dose-dependenteffects
[18].

It haspreviouslybeendemonstratedthatthebeneficial
effectsof estrogenon boneare only maintainedduring
active therapy, and that discontinuationof treatment
resultsin animmediateresumptionof bonelossat a rate
comparableto thatseenin untreatedcontrols[19]. Since
thereis an acceleratedphaseof acuteboneloss during
the first 3–6 yearsafter menopause[5], 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 estrogen.Until now it
hasbeenwidely acceptedthat 50 mg/dayof transdermal
17b-estradiol was the minimum dosage required to
prevent lumbar spine loss in postmenopausalwomen
[14]. However,the study demonstratingthis effect was
conductedin bilaterally ovariectomizedwomen, who
may well requirehigherdosesthanwomenwith natural
menopause,as in the presentstudy.Our resultssuggest
that 17b-estradiolat dosesas low as25 mg/day induces
significantincreasesin bonemass,andalsoconfirm the
benefitof current37.5mg delivery systems.

Previousstudieshavedemonstratedthat theMenorest
deliverysystemallowstransdermalreleaseof estradiolat
a constantand reproduciblerate at dosesrangingfrom
25 to 100mg/day[20]. Thereis alsoa linear relationship
betweenthe doseof estradioladministered(determined
by thepatcharea)andits serumconcentration[20]. In a
1-year, randomized dose-responsestudy of patients
treatedwith estradiolimplants,changesin bonedensity

were clearly shown to correlatewith estradiolplasma
levels [21]. The presentstudy confirmedtheseresults,
and demonstratedthat serum estradiol concentrations
were maintained at or above the classical target of
40 pg/ml with doses550 mg/day. As expected,serum
estradiolconcentrationsin the 50 and75 mg/daygroups
correlatedwith greaterincreasesin lumbarspineBMD.
However,this studyclearly demonstratesthat a doseof
25 mg/day, which delivereda medianconcentrationof
around20 pg/ml,wasneverthelesssignificantlyeffective
relative to placebo.

Interestingly, there was a statistically significant
relationshipbetweenthe time sincemenopauseand the
change in lumbar spine BMD. Patients with a
menopausemorethan3 yearsbeforethestartof therapy
had larger increases in BMD, suggesting that 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
menopausewith 50 mg/day 17b-estradiol.This dosage
may thenbe decreasedto 25 mg/day3–4 yearsafter the
menopause,i.e.,aftertheperiodof acceleratedboneloss,
which may help compliance.

The major effect of estrogentherapy in postmeno-
pausalwomen is to reducebone turnover, with bone
resorptiondecreasingmore than bone formation [22].
During this 2-yearstudytherewereclinically significant
anddose-relateddecreasesin thebiochemicalmarkersof
bone turnover with 17b-estradiol compared with
placebo.Decreasesin the levels of the boneresorption
marker,urinaryC-telopeptide,weregreaterthanthoseof
the boneformationmarkersserumtotal osteocalcinand
serumbone-specificalkaline phosphatase.In the active
treatment groups urinary C-telopeptide, serum total
osteocalcinand serumbone-specificalkaline phospha-
taselevelshadreturnedto premenopausalvaluesafter3,
12 and 18 months of treatment, respectively.These
resultsare consistentwith a delayedfall in the rate of
boneformationin responseto thedecreasein the rateof
bone resorption,and are consistentwith the observed
increasesin BMD.

Thecombinationof 17b-estradiolanddydrogesterone
wasgenerallywell tolerated,with similar incidencesof
adverseeventsin the active and placebogroups.Most
adverseeventswereof mild-to-moderateseverity.Only
application-site reactions and breast pain (which
increasedwith dose) were more common with 17b-
estradiolthanwith placeboandconsideredto bepossibly
– 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 summary,thisstudydemonstratesthattheMenorest
matrix systemof transdermal17b-estradiolis effective
andwell toleratedat dosagesbetween25 and75 mg/day
in the prevention of bone loss in postmenopausal
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women.While 50mg/dayis anappropriatestartingdose,
a dose of 25 mg/day is an effective option for those
womenwho cannottoleratehigherdoses.
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