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INTRODUCTION

The postmenopausal phase of a woman’s life may be regarded as an
endocrinological deficiency syndrome caused by ovarian failure.
Postmenopausal hypogonadism increases the risk of osteoporosis
(1) and climacteric symptoms (2) and may increase the risk of
atherosclerosis (3). Logically, the intervention against such condi-
tions has been estrogen replacement, which can be used unopposed
in hysterectomized women or in combination with a progestogen in
women with an intact uterus. Due to the universal influence of these
therapies, a side effect regarded by the woman as more severe than
the symptoms experienced will often lead to discontinuation before
occurrence of a protective effect, since the treatment required is
long-term. In addition, not all postmenopausal women experience
symptoms or develop diseases related to estrogen deficiency, sug-
gesting that additional mechanisms are involved. Therefore, these
treatments should be individualized, but this is difficult with regard
to hormone replacement therapy because of the need for giving
both estrogen and progestogen in women with an intact uterus and
because of the numerous target organs and tissues influenced.

A mechanistic understanding of tissue-specific responses to estro-
gen deficiency as well as to hormone replacement therapy would be
the ideal basis for diagnosis and intervention in postmenopausal
women. To establish a dose-response relationship on target organ
risk markers of standard hormone replacement therapy combina-
tions would be a helpful operational starting point. Because of the
multiple effects of these therapies, it is unrealistic that they would be
safe or tolerable for all women in need for treatment. Accordingly,
additional treatment modalities have shown up. Bisphosphonates,
calcitonin and calcium in combination with vitamin D (1) as well as
parathyroid hormone (4) have been found to be efficacious in the
treatment of osteoporosis, but these compounds do not seem to
have substantial influence on other aspects of postmenopausal es-
trogen deficiency than osteoporosis.

Hormone replacement therapy alternatives or selective estrogen
receptor modulators (SERMs) are interesting because of the pos-
sibility of modulating the dose-response relationship of hormone
replacement therapy on different targets. Thus, one could imagine
treatments that would have beneficial effects on bone, the cardiovas-
cular system, the brain and tissues involved in the symptomatology
of climacteric symptoms such as the vagina, but at the same time
were inhibitory in the breast and endometrium. Moreover, treat-
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ments could be envisioned to target either of these organs/tissues,
the central biochemical basis for such theories being the estrogen re-
ceptor. This review summarizes the effects of tibolone and
raloxifene in postmenopausal healthy women. These compounds
are chosen, because they are at present the only known alternatives
to hormone replacement therapy with an acceptable safety profile
for long-term use in healthy, postmenopausal women. Tibolone re-
duces climacteric complaints similarly to hormone replacement
therapy (5). In contrast, raloxifene does not have this potential, but
increases the incidence of mild hot flushes (6). Whereas tibolone is a
synthetic steroid with estrogenic, progestogenic and androgenic ac-
tivities (5), raloxifene is a non-steroidal benzothiophene or a SERM
(6). For a positive gold standard hormone replacement therapy is
described. The primary target tissues chosen are bone and the car-
diovascular system, because osteoporosis and atherosclerosis are the
principal conditions for which a preventive therapy should be ef-
ficacious. For a safety description, the breast and the endometrium
are evaluated. For tibolone and raloxifene, randomised, placebo-
controlled trials with more than one dose level and with relevant
endpoints are included. With regard to HRT, randomised, placebo-
controlled trials involving both traditional and low-dose regimens
comparing as well sequential and continuous regimens are included.
For the in vivo studies, randomised, placebo-controlled studies in
the rabbit model investigating tibolone, HRT and raloxifene were
included.

BONE

THE IMPORTANCE OF ESTROGEN ON BONE PHYSIOLOGY
Estrogen deficiency

The major influence of postmenopausal estrogen deficiency on
skeletal physiology is an increase in bone resorption. Two main
pathways lead to this result, a direct effect on bone cells and an indi-
rect effect via calcium metabolism. A strong evidence for the direct
effect is the identification of estrogen receptors on osteoblasts and
osteoclasts (7, 8) and both receptor isoforms are present in bone (9).
A decrease in endogenous estrogen leads to an increase in osteoclast
recruitment and activity, which is partially mediated by a decrease in
osteoblast production of nitric oxide and transforming growth fac-
tor B (10) and by an increase in cytokine production by bone mar-
row stromal and mononuclear cells (11). Indirect effects comprise a
negative change in calcium balance by a decrease in intestinal cal-
cium absorption and an increase in urinary calcium loss (12). The
increase in bone resorption leads to a secondary, more retarded in-
crease in bone formation. The level of bone resorption markers after
menopause is twice the level seen in premenopausal women,
whereas the level of bone formation markers is about 50% higher
after than before menopause (13). It is the relatively higher level of
bone resorption as compared to bone formation, which causes the
postmenopausal bone mass deficit and it is the sharp increase in
bone resorption at menopause, which leads to the increased bone
loss seen in the first 5-10 years after menopause (14).

Estrogen presence

The effects of estrogen on bone tissue have been found to be an an-
tagonism of processes seen in estrogen deficiency, thus an inhibition
of bone resorption (1, 15). This is in accordance with data showing
that estrogen induces osteoclast apoptosis (16). Due to the coupling
between bone resorption and bone formation, a secondary and
more retarded decrease will be observed in bone formation until a
new steady state in bone turnover is reached. Therefore, after initia-
tion of therapy, a time interval of a relatively higher level of bone
formation as compared to bone resorption is seen and an increase in
bone mass is expected followed by a new steady state in bone mass,
which will be stable for as long as treatment is continued, if the
treatment regimen used is effective in reducing bone turnover to
premenopausal levels (14).
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OSTEOPOROSIS

Osteoporosis is defined as a metabolic bone disease characterized by
low bone mass and microarchitectural deterioration of bone tissue,
leading to enhanced bone fragility and a consequent increase in
fracture risk (1).

The two most important risk factors for developing osteoporosis
are the bone mass by the time of the menopause and the subsequent
bone loss following the increase in bone resorption after meno-
pause. To assess these variables as osteoporosis risk markers, indirect
measures of bone mass can be performed by densitometry and indi-
rect measures of bone turnover by biochemical estimates of bone re-
sorption and formation (1).

Osteoporosis occurs worldwide, but is most prevalent in white
and Asian women. A robust estimate of the prevalence in the United
States based on the WHO criteria concludes that the total popula-
tion at risk compares to that of hypertension (17) and the increasing
age of the world population combined with the exponential age-re-
lated increase in fracture risk indicate that the size of the problem is
growing. Although there is an increased mortality following both
fracture at the hip and spine, the worst consequence is not mortality
but the morbidity, loss of independence and the decrease in quality
of life (1).

METHODS FOR THE EVALUATION OF OSTEOPOROSIS

Bone mass

Bone mass may be measured by densitometry in specific areas as
well as in the total skeleton. In untreated individuals, bone mass is
considered to be the optimum single predictor of bone strength
(18), which is reflected by the selection of bone mass by WHO for
the diagnosis of osteoporosis (19). Whereas the predictive value of
bone mass at any site is roughly equivalent in the prediction of all
fractures, a specific site has a slightly higher predictive value for a
fracture at that specific site (20). For this reason a bone mass meas-
urement of the hip is preferred for diagnosis, because the most de-
bilitating osteoporotic fracture occurs at the hip. However, an op-
timised scientific evaluation of response to therapy includes both an
axial assessment (the spine) as well as appendicular measurements
(for example the hip or the forearm), all being areas of particular
interest because of their susceptibility to osteoporotic fractures. An-
other reason for the choice of these sites, lies in the different ratios of
trabecular and cortical bone in the 3 areas. Trabecular bone consti-
tutes about 20% of the skeleton but accounts for about 80% of the
bone turnover, whereas the inverse holds true for cortical bone (21).
Therefore, the response to antiresorptive therapies may differ be-
tween these 2 types of bone. The content of trabecular bone is high-
est in the spine, intermediate in the hip and lowest in the forearm.
Thus, follow-up of these areas during therapy enables assessments
of the response in bone with predominantly trabecular content and
also in bone with predominantly cortical content. Finally, therapies,
which lead to only small increments in bone mass, may just lead to
skeletal redistribution of bone mass. Under such circumstances, in-
clusion of a measurement of total body bone mass is preferred. The
measurements of bone mineral utilize a gamma or X-ray source that
scans the area of interest and calculates bone mass from the attenua-
tion of the ionizing beam. They are standard accepted assessments
(22) and precision is followed by daily phantomscans with a weekly
system calibration. For the multicenter trial, the same phantoms
were used in all centers and cross-calibration were performed by a
quality assurance center, whose employees remained blinded
throughout the study.

The precision error of a bone mass measurement is in the order of
magnitude of the average change in bone mass over one year, both
in untreated and treated postmenopausal women (CV% =1-3%)
(22). Therefore, the observation period in studies should be at least
1 year and preferably longer. Because the least significant change in
the individual is in the order of 4% (23), a monitoring interval of 2
years is recommended. Thus, an observation period of at least 2
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years in a clinical trial may be estimated to provide the best founda-
tion for a clinical evaluation.

The primary basis for including bone mass measurements in clin-
ical trials lies in the ability of this surrogate marker to predict a
change in fracture risk. Such a relationship is well-established for
antiresorptive therapies (24).

Bone turnover

Although bone presents as a rigid tissue, bone is continuously re-
modelled for the maintenance of calcium homeostasis and for shape
and repair. Thus, bone remodelling is the predominant metabolic
process regulating bone structure and function with the osteoclast
playing a key role. Osteoclasts are specialized cells derived from the
monocyte/macrophage haematopoietic lineage that develop and
adhere to bone matrix, then secrete acid and lytic enzymes that de-
grade it in a specialized, extracellular, sealed compartment between
the basolateral domain of the osteoclast and bone matrix. By ecto-
resorption, the degradation products (solubilized calcium, phos-
phate and collagen fragments) are then incorporated and processed
within the osteoclast. Finally, the products are released into the gen-
eral circulation and filtered and excreted by the kidneys. The osteo-
clast may then migrate to initiate a new cycle of bone resorption
(25). Most biochemical bone resorption markers measure collagen
degradation products in serum and urine (such as c- or n-telo-
peptide fragments of collagen 1 degradation or more oldfashioned
methods such as urinary hydroxyproline) (14). Bone resorption
markers exhibit a diurnal variation with a peak in the early morn-
ing, a nadir in the afternoon followed by an increase over the night
(26). This variation reflects that bone resorption is regulated by
food intake — thus bone resorption increases during prolonged fast-
ing and decreases acutely after food intake (27). This is most likely
controlled by a gastrointestinal hormonal regulation and ensures
availability of calcium when calcium supplies are low such as during
fasting (28). The clinical implication of this fact is that the sampling
during intervention must be standardized in order to reduce varia-
tion unrelated to the influence of therapy. We proposed — in parallel
with sampling conditions for lipids — to collect samples for bone
resorption markers as a fasting morning specimen (27) and this
procedure was followed in all studies. Under these optimised con-
ditions, the inter-individual variation is less than 10% (29). The re-
sults of the urinary samples were corrected for creatinine excretion.

The osteoblast is the bone cell responsible for the production of
matrix constituents. It originates from a local mesenchymal stem
cell that has differentiated and occurs in clusters at a resorption pit,
where an osteclast previously degraded bone. The osteoblasts are
present lining the bone matrix they are producing, until mineraliza-
tion occurs. At finalization of bone matrix production, the osteo-
blast turns into a lining cell or an osteocyte, which is then followed
by mineralization (25). Biochemical formation markers assess pro-
teins or enzymes synthesized by osteoblasts (such as osteocalcin or
bone specific alkaline phosphatase) during bone matrix formation
and made available for serum assessment as a result of spillover to
the general circulation from the production in bone (14). There is
only a very slight diurnal variation on bone formation markers (27).
Also for formation markers, the inter-individual variation is around
10% or less (29). Osteocalcin may be evaluated as the intact mole-
cule or as the N-terminal mid-segment, which may be more stable
to freeze-thaw cycles (30).

The sampling schedule for all bone markers should reflect the
fact, that the response in bone markers to anti-resorptive therapy is
faster than that of bone mass. Thus, the first 6 months after initia-
tion of therapy were closely monitored in all studies.

There are several reasons why it is important to assess bone turn-
over in a clinical study. The use of the markers enables the scientist
to separate the influence on bone resorption and formation as well
as time points for monitoring may be identified (29). But the most
promising reason lies in the ability of some markers to predict the
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change in fracture risk independently of the response in bone mass
(31).

HORMONE REPLACEMENT THERAPY

From the numerous studies on the influence of combinations of es-
trogen and progestogen on bone mass and bone markers it is evi-
dent that traditional regimens lower bone turnover and increase
bone mass (1). The effect is independent of type of estrogen, thus
conjugated equine estrogens, estradiol, ethinyl estradiol and pipera-
zine estrone sulphate are all efficacious (32-35). With regard to dose
finding of the estrogen component, almost no randomised, control-
led studies find regimens to be non-efficacious in terms of protec-
tion against bone loss. There is, however, some indication of thera-
pies with a borderline efficacy, thus 0.5 mg estradiol and 0.3 mg
conjugated equine estrogens do not prevent all treated women
against bone loss (36, 37). Therefore, we selected a daily dose of 1
mg estradiol as a low, but efficacious therapy and the traditional
dose level of 2 mg estradiol as a positive comparator for our study.
Gestodene, a 19-nortestosterone progestogen, was added in 2 re-
gimens on each estrogen dose level. This enabled us to evaluate as
well whether gestodene influenced bone and whether a continuous
regimen differed from a sequential (Table 1, study I). In addition,
our study included assessments already 2 weeks after randomisation
and was extended to 3 years of duration. This is important because
it is rarely seen that the response to hormone replacement therapy is
assessed before 3 months or after 2 years.

We found a universal bone response to hormone replacement
therapy in our study of 278 healthy, early postmenopausal women
(33). Thus, the bone loss seen in the placebo group was significantly
inhibited at all sites measured, but it varied by site with the greatest
increase in the spine, smaller in the hip and again smaller in the
forearm (33). When the groups with 1 mg estradiol were pooled and
the groups with 2 mg estradiol were pooled, a significant difference
was seen between these 2 estrogen dose levels. A significant response
to 1 or 2 mg estradiol in bone resorption markers was seen within
2 weeks (33) (Figure 1A). This response was fully expressed from 6
months and as long as treatment was continued with a 50% decrease
on 1 mg estradiol and a 65% decrease on 2 mg estadiol (Figure 1A).
Bone formation markers demonstrated a 30-35% decrease on ther-
apy (Figure 1B). During the study, 2 mg estradiol increased spinal
bone mineral density with 7% and 1 mg estradiol with 5%, whereas
a loss of 2% was seen in the placebo group (Figure 1C). We did not
identify a response in bone to the gestodene dose levels studied. This
is in accordance with previous results on medroxyprogesterone ace-
tate (32) but in contrast to studies using norethisterone acetate,

Table 1. Participants in human studies.

which enhances the effect of estrogen on bone mass (38). Whether
the occurrence of an independent progestogenic effects on bone is
exclusive for norethisterone acetate, remains to be investigated.

No study has evaluated the influence of hormone replacement
therapy with clinical fracture as the primary endpoint. However, 2
small randomised studies have found a protective effect on vertebral
fractures with about a 50% risk reduction — one of transdermally
administrated 100 pg/day of estradiol (39) and another of oral
mestranol 23 x 3 pg/day (40). Moreover, a randomised 5-year study
of a sequential treatment with estradiol and norethisterone acetate
versus placebo in 2,016 early postmenopausal Danish women dem-
onstrated a significant 55% reduction in the risk of forearm frac-
ture, but only a borderline significant reduction in overall fracture
risk (41). In contrast, a study in 2,763 postmenopausal women ran-
domised to either a continuous combination of 0.625 mg conju-
gated equine estrogens and 2.5 mg medroxyprogesterone acetate or
placebo did not reveal differences in fracture risk between treatment
groups after 4.1 years of follow up (42). The population in this study
was however selected to be at risk of atherosclerotic but not osteo-
porotic events. In addition, the study did not apply a rigorous
method such as spine x-ray for fracture evaluation, but fracture
endpoints were collected as adverse events data only. After 5.2 years
follow-up in a study of 16,608 healthy postmenopausal women ran-
domised to a continuous combination of 0.625 mg conjugated
equine estrogens and 2.5 mg medroxyprogesterone acetate or pla-
cebo, active therapy lead to a significant 34% reduction in the risk of
hip fracture and of clinical vertebral fractures (43).

In conclusion, during regimens of estradiol and gestodene a dose-
response relationship is observed with a slightly greater response on
2 mg estradiol as compared to 1 mg estradiol, which is effective to
reduce bone turnover markers and to increase bone mass. Lower
doses may not demonstrate an acceptable efficacy in all women. The
addition of gestodene does not significantly influence bone parame-
ters. Combining results from several randomised studies indicate
that hormone replacement therapy reduces the risk of vertebral
fracture (39, 40, 43), forearm fracture (41) and hip fracture (43).

TIBOLONE

Prior to our study, only 2.5 mg tibolone per day had been evaluated
for its effect on bone and fracture data were not available. We there-
fore decided to explore a lower dose in a target population for frac-
ture prevention. Thus, 91 healthy women at least 10 years after men-
opause were randomised to double-blind daily intervention with ei-
ther tibolone 2.5 mg, 1.25 mg or placebo in addition to 400 mg
calcium (Table 1, study II) (44).

BMD-
Randomisation Duration Com- Age spine BMI
Study Screened Included (dose of medication and calcium is per day) (years) pleters (years) (g/cm?) (kg/cm?)
| 471 278 1) 2 mg estradiol sequentially combined with 25 pg 3(1993-1997) 24 54+3 0.98+0.11 25+4
gestodene (days 17-28) (n=55)
2) 2 mg estradiol sequentially combined with 50 pug 26 5313 0.99+0.16 24+3
gestodene (days 17-28) (n =56)
3) 1 mg estradiol sequentially combined with 25 ug 30 53+3 0.95+0.13 26+3
gestodene (days 17-28) (n=56)
4) 1 mg estradiol continuously combined with 25 pg 32 54+3 0.96+0.13 26+4
gestodene (n=55)
5) Placebo (n=56) 41 54+3 0.95+0.12 26+4
1] 144 91 1) Tibolone 2.5 mg + calcium 400 mg (n=35) 2 (1992-1994) 28 668 0.85+0.16 23+3
2) Tibolone 1.25 mg + calcium 400 mg (n =36) 29 66+7 0.86+0.15 25+4
3) Placebo + calcium 400 mg (n =20) 13 686 0.90+0.12 25+3
1l 823’ 601° 1) Raloxifene 150 mg + calcium 500 mg (n = 147) 2(1994-1996) 100 55+3 0.94+0.10  26x4
2) Raloxifene 60 mg + calcium 500 mg (n=152) 119 55+3 0.94+0.12 264
3) Raloxifene 30 mg + calcium 500 mg (n=152) 114 55+3 0.93+0.11 264
4) Placebo + calcium 500 mg (n=150) 119 55+4 0.94+0.11 25+4

1) 378 women were screened in Center for Clinical and Basic Research, Ballerup, Denmark.
2) 248 women were included in Center for Clinical and Basic Research, Ballerup, Denmark.
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Figure 1. The response in bone turnover and bone mass during treatment. As a resorption and formation marker, urinary c-telopeptide fragments cor-
rected for creatinine excretion and serum osteocalcin are shown. Bone mass is visualized by lumbar spine BMD. Please note that these results origin from 3
different studies [33, 44, 49]. A-C: show the response to hormone replacement therapy (adapted from Bjarnason et al, 2000 [33] with permission). 2 mg
estradiol in sequential combination with 25 mg gestodene (days 17-28): —O—; 2 mg estradiol in sequential combination with 50 mg gestodene (days 17-28):
- ®-; 1 mg estradiol in sequential combination with 25 mg gestodene (days 17-28): —[J-; 1 mg estradiol continuously combined with 25 mg gestodene (days
1-28): —W—; Placebo: -A-. D-F: show the response to tibolone treatment (adapted from Bjarnason et al, 1996 [44] with permission). 2.5 mg tibolone in com-
bination with 400 mg calcium: -O—; 1.25 mg tibolone in combination with 400 mg calcium: —@—; Placebo in combination with 400 mg
calcium: -m-. G-I: show the response to raloxifene therapy (adapted from Delmas et al, 1997 [49] with permission). 150 mg raloxifene in combination with
400-600 mg calcium: - ®—; 60 mg raloxifene in combination with 400-600 mg calcium: —M-; 30 mg raloxifene in combination with 400-600 mg calcium: -[-;

Placebo in combination with 400-600 mg calcium: —-O-.

During active therapy a reduction in bone turnover was found,
with a pattern similar to that seen during hormone replacement
therapy — a fast decrease in resorption markers, which was fully ex-
pressed at 6 months (Figure 1D) and a slower change in formation,
which was not fully expressed until about 12 months (Figure 1E).
No difference between 1.25 mg and 2.5 mg tibolone was detected in
any parameter. The decreases in c-telopeptide fragments and serum
osteocalcin in tibolone treated women were 50% (p<0.001) and
30% (p<0.001), respectively. The response over 2 years in spinal
bone mass was about 5.5% (p<0.001) (Figure 1F) and in the fore-
arm, the increase was about 2% with a difference of 4% relative to
placebo (p<0.001). These results are in accordance with those seen
in early postmenopausal women (45, 46).

Data from two randomised, double-blind, placebo-controlled 2-
year studies of tibolone 0.3, 0.625, 1.25 and 2.5 mg in a total of 770
early postmenopausal American women revealed that 0.3 mg coun-
teracted but did not arrest bone loss, 0.625 mg arrested bone loss
and slightly increased bone mass while bone mass was increased us-
ing 1.25 and 2.5 mg (47). The increases on the top doses were com-
parable with increases seen during hormone replacement therapy.
Because the influence of tibolone 1.25 mg and 2.5 mg was compara-
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ble in early and late postmenopausal women, it may be estimated
that this would also be the case for 0.625 mg although this dose has
not been studied in elderly women.

In conclusion, we estimated that 1.25 mg tibolone is a low but ef-
fective dose on bone mass and bone turnover in healthy postmeno-
pausal women. As a consequence, this regimen is presently being
evaluated in a vertebral fracture outcome study. Based on the reduc-
tion in bone turnover and the increase in bone mass seen during this
therapy, the reduction in fracture risk may be estimated to be com-
parable with the reduction seen during hormone replacement ther-

apy.

RALOXIFENE

Results from 8-week experiments in healthy, early postmenopausal
women had revealed significant decreases in biochemical markers of
bone metabolism during raloxifene therapy up to 600 mg daily (48).
Based on these data, we designed a study of long-term raloxifene
intervention (Table 1, study III). Here, 601 healthy women 2-8 years
after menopause were randomised to double-blinded treatment
with raloxifene 30 mg, 60 mg, 150 mg or placebo in addition to a
supplementation of 500 mg calcium (49).

67



The sequence of changes in bone parameters during raloxifene
therapy was parallel to those seen during hormone replacement ther-
apy and tibolone treatment (Figure 1G-I). However, the size of the
changes was smaller and for the dose levels studied, there was no sig-
nificant dose-response relationship, except for a trend in the total
body bone mass, which was measured in our center only. Further-
more, the response in bone mass in all sites measured was in the same
order of magnitude. For 60 mg raloxifene the reduction in urinary c-
telopeptide fragments and osteocalcin was about 35% and 25%, re-
spectively (Figure 1G-H). The increase in bone mass over 2 years was
in the order of 1.5% regardless of measurement site compared with a
loss of about 1% in the placebo group (p<0.001 for all comparisons).
3- and 5-year follow up revealed comparable results (50, 51), as did a
study in women with osteopenia or osteoporosis (52).

In 7,705 elderly, osteoporotic women randomised to 3 years of
daily double-blinded intervention with either raloxifene 60 mg, 120
mg or placebo in addition to 500 mg calcium and 400 units of vita-
min D, similar results were found with regard to bone turnover and
bone mass. These results translated into a 30% reduction in radio-
graphical vertebral fractures during therapy with 60 mg raloxifene
and 50% for 120 mg raloxifene (53). Whereas the difference between
the efficacy of 60 and 120 mg raloxifene upon vertebral fracture
incidence in the subset of women with prevalent vertebral fracture
was statistically significant, no differences were found between the 2
dose levels on bone mass or bone markers. Although a trend was
found for protection against non-vertebral, clinical fractures, this
was not significant, in particular there was no reduction in the risk
of hip fracture during raloxifene therapy (53). These results were
confirmed in 4-year follow up from the same study (54).

In conclusion, the dose-response relationship of raloxifene on
bone is broad — in general there is no difference in the bone marker
response in the dose range from 30-600 mg, in the bone mass re-
sponse from 30-150 mg and in the vertebral fracture response from
60-120 mg in osteoporotic women with no prevalent vertebral frac-
tures. In contrast, 120 mg was significantly more protective than 60
mg in women who had prevalent vertebral fractures in addition to a
low bone mass. On vertebral fracture protection, the lowest effective
dose may be 60 mg, but 120 mg is more effective in severely diseased
women. Raloxifene does not reduce non-vertebral fractures.

CARDIOVASCULAR SYSTEM

THE IMPORTANCE OF ESTROGEN ON

CARDIOVASCULAR PHYSIOLOGY

Estrogen deficiency

Men has a 2.5 to 4.5-fold increased risk for cardiovascular death as
compared to women in both areas with high and low incidence of
cardiovascular disease. In general, women are diagnosed with car-
diovascular disease 10 years later than men, but the gender differ-
ence in risk diminishes with age. One theory has been that women
lose protection due to estrogen deficiency after occurrence of meno-
pause. But only observational studies can evaluate this hypothesis,
and these studies are in general not capable of separating effects of
menopause from those of age alone. It has also been suggested that
the similarities in the risk of cardiovascular disease in older men and
women rather reflect that the male risk declines during middle age
(55). Thus, the influence of estrogen deficiency on the cardiovascu-
lar system is controversial, as the available data is observational and
may be subject to unknown confounders and various epidemiolog-
ical approaches (56).

A negative influence of estrogen deficiency on biochemical risk
markers for cardiovascular disease has been found. An increase in
LDL-cholesterol and triglycerides is observed, whereas there is a
decrease in HDL-cholesterol in postmenopausal women compared
to premenopausal women (57, 58). However, other data have sug-
gested that the adverse influence on cardiovascular risk markers is
rather associated with age than with menopause (55). Finally, cross-
sectional studies have failed to demonstrate an association between
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endogenous estradiol levels and risk factors for cardiovascular dis-
ease in women, although this does not exclude a threshold effect
(55). The menopausal transition may be accompanied by a change
in markers of fibrinolysis towards decreased fibrinolysis and in-
creased thrombosis (59, 60). In one study, fibrinogen was identified
as a predictor of heart disease in women (61). Thus, in postmeno-
pausal women compared to premenopausal women increases in fi-
brinogen and antithrombin III are observed together with higher
levels of plasminogen activator inhibitor 1 and tissue plasminogen
activator inhibitor activity (59). Most of the studies are cross-sec-
tional, but also longitudinal data exists and statistical methods have
been applied to correct for the increment in age between pre- and
postmenopausal women, thereby indicating that menopause may
have an individual influence on these risk markers.

In randomised experiments, ovariectomized monkeys have more
atherosclerotic arteries than sham-operated animals of similar age
(62). The difference between ovariectomized and sham-operated
rabbits in similar experiments is less pronounced (63), a possible ex-
planation being the fact that in contrast to monkeys, female rabbits
do not exhibit a regular menstrual cycle but ovulate during mating.

Estrogen presence

Estrogen influences cardiovascular physiology through both systemic
and direct pathways. One example of systemic influence is the in-
fluence on serum lipoproteins (58, 64). Estrogen-receptor mediated
effects on hepatic expression of apoprotein genes lead to changes in
serum lipids and lipoproteins. Oral estrogen reduces the activity of
hepatic lipase, leading to higher levels of high density lipoprotein
(HDL) cholesterol. It increases low density lipoprotein (LDL) recep-
tors in the liver, which is followed by a decrease in the serum con-
centration of LDL-cholesterol and it increases the production of
triglyceride-rich very low density lipoprotein (VLDL) cholesterol,
thereby increasing serum triglycerides. This response may be influ-
enced by progestogen addition, depending on type and dose. These
changes in lipids and lipoproteins have been demonstrated in
numerous studies (58). Until recently, possible beneficial effects of
estrogens have been attributed principally to the hormone’s effect
on serum lipid concentrations. However, data suggest that direct
actions of estrogen on blood vessels may contribute. Both isoforms
of the estrogen receptor are present in vessels, both in endothelial
cells and in smooth-muscle cells as well as in myocardial cells (64).
But the direct influence of estrogen on vascular cells and tissues are
not only caused by estrogen-receptor mediated gene transcription.
Several experiments have found very acute vasodilatatory responses
to estrogen indicating, that a genomic pathway is highly unlikely to
be the only mechanism accounting for the effect. Two mechanisms
for this non-genomic phenomenon have been identified; an influ-
ence of estrogen on calcium-activated potassium channels leading
to smooth muscle relaxation (65) and release of nitric oxide from
endothelial cells leading to smooth muscle relaxation and inhibition
of platelet activation (66). Genomic effects include an increase in
the expression of genes for vasodilatory enzymes such as nitric oxide
synthase and prostacyclin and induction of re-endothelialization
through expression of growth factors during vascular injury. Prelim-
inary data indicate that estrogen is protective against vascular injury
in both estrogen receptor o knockout and in estrogen receptor 3
knockout mice (64).

Hormone replacement therapy has been associated with both in-
hibition of coagulation (32, 67) and increase in fibrinolysis (60). Ad-
ditionally, estrogen influences systemically the hepatic modulation
of haemostatic factors and the renin-angiotensin system with a net
effect towards vasodilatation (64).

ATHEROSCLEROSIS

Atherosclerosis is the underlying pathology of cardiovascular dis-
ease. The first step in the development of atherosclerosis is endo-
thelial dysfunction and denudation. This covers increased endothe-
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lial permeability to lipoproteins, which is mediated by nitric oxide,
prostacyclin, platelet-derived growth factor, angiotensin II and en-
dothelin. In addition, leukocyte adhesion molecules and endothelial
adhesion molecules are up-regulated and migration of leukocytes
into the arterial wall starts. Possible causes of endothelial dysfunc-
tion include increased LDL-cholesterol; free radicals caused by
smoking, hypertension and diabetes; elevated homocysteine con-
centrations and genetic alterations (68). When macrophages in the
arterial wall internalise and oxidise LDL-particles, these cells are
transformed to foam-cells and a fatty-streak lesion occur. This proc-
ess, which is initiated already in childhood, represents a major cause
of injury to the endothelium and the underlying smooth muscle.
Interestingly, this process may be regarded as an inflammatory
response (68). T-cells are activated in the fatty-streaks and smooth
muscle cells can migrate and proliferate within the lesion, which is
then transformed into an intermediate lesion (68). As the lesion
grows the arterial wall may compensate transiently by gradual dila-
tion ensuring an unaltered lumen. The final event in the change to
the advanced, complicated lesion is the formation of a fibrous cap
that separates the plaque from the lumen. Within the lesion, a
necrotic core may develop. Rupture or ulceration of the fibrous cap
can lead to plague instability resulting in thrombosis and occlusion
of the artery, which may result in a clinical significant event such as
myocardial infarction or stroke (69).

METHODS FOR THE EVALUATION OF ATHEROSCLEROSIS
Lipids

Triglyceride and cholesterol levels in the blood are well-known risk
factors for atherosclerosis (70). These lipids are transported in
plasma as lipoproteins, a lipid core surrounded by a surface layer of
apoproteins. As the lipoproteins during the circulation deliver lipids
but retain protein, their density increases. Lipoproteins are classified
based on their densities as demonstrated by ultracentrifugal sepa-
ration. In order of increasing density these particles include: chylo-
microns and VLDL-cholesterol (density <1.006 g/ml), which carries
triglyceride, Intermediate Density Lipoprotein (IDL)-cholesterol
(1.007 g/ml <density <1.019 g/ml), which is an intermediate stage
of minor human occurrence in the break-down of VLDL-choles-
terol, LDL-cholesterol (1.02 g/ml < density <1.063 g/ml), being the
principal carrier of to peripheral tissues and HDL-cholesterol (den-
sity >1.063 g/ml), which is responsible for reverse cholesterol trans-
portation, i.e. from peripheral tissues to the liver for excretion. The
most abundant apolipoproteins include apolipoprotein A1, which is
the major apolipoprotein of HDL-cholesterol and apolipoprotein B,
which is the major apolipoprotein of LDL-cholesterol. During ex-
cess of LDL-cholesterol, the particle may be taken up by monocyte-
derived macrophages in the arterial wall. When these macrophages
become cholesterol-overloaded, they are converted to foam cells, a
classic component of atheromatous plaques. By contrast, HDL-cho-
lesterol acquires cholesterol from peripheral cells and from other
lipoproteins, and this cholesterol is transferred to the liver for excre-
tion. This is in accordance with observational evidence for a high
LDL-cholesterol or a low HDL-cholesterol level being a risk factor
for atherosclerosis, whereas a low LDL-cholesterol and a high HDL-
cholesterol level is known to be protective. Large clinical studies
have indicated that a decrease in LDL-cholesterol during statin the-
rapy is associated with a reduction in cardiac events and/or mortal-
ity (71), however it is at present unknown whether pharmacologi-
cally induced changes by other therapies or in other lipoproteins
will result in a change in cardiovascular risk.

A serum lipid assessment (total cholesterol, HDL-cholesterol and
triglycerides) is a standard analysis assessed enzymatically using
autoanalysis. LDL-cholesterol is then calculated according to Friede-
walds formula:

LDL-cholesterol =
total cholesterol — (HDL-cholesterol + 0.45 x triglycerides)
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that leads to a robust estimate for triglyceride levels below 4.5
mmol/l (72). This assumption is valid in healthy humans, whereas
higher values may present in vivo models. Hence, ultracentrifuga-
tion may be preferred for the analyses of serum lipids in animal
studies, where serum lipid levels is usually much higher, and this
methods was chosen for the rabbit studies. Briefly, serum samples
were adjusted to the abovementioned densities by solution. Upon
finalized centrifugation, tube slicing separated the fractions, allow-
ing measurement of cholesterol content in the individual fractions.
Although ultracentrifugation is regarded as the reference method, it
still depends on the enzymatical analysis of cholesterol.

The importance of assessing lipids and lipoproteins in clinical
trials lies in the ability to evaluate the influence of the estrogen and
progestogen and to compare with available regimens. In addition, li-
pids are part of the biochemical safety evaluation.

Haemostasis

An occlusive arterial event requires atheromatosis and thrombus
formation. Whereas circulating lipid levels are related to atheroma
formation, haemostasis factors may be evaluated for the assessment
of thrombus formation risk.

Coagulation

By its conversion to fibrin, fibrinogen is the ultimate natural sub-
strate of the coagulation system. It is synthesized in the liver, belongs
to the acute phase proteins and has been found to be a risk marker
of cardiac events (73). The plasma concentration of fibrinogen is as-
sociated with other risk factors for cardiovascular disease such as
age, body mass index and smoking. Additionally, plasma fibrinogen
is elevated in postmenopausal women. Fibrinogen was measured by
a functional photometrical assay just after sampling (74). Anti-
thrombin III is responsible for the conversion of thrombin to fibri-
nogen. Antithrombin III is measured spectophotometrically (75).

Fibrinolysis

Free tissue plasminogen activator is involved in the primary activa-
tion of plasminogen to plasmin, which degrades fibrin. Tissue plas-
minogen activator is released from vascular endothelium, circulates
in an inactive complex with plasminogen activator inhibitor 1, but is
active at the vessel wall (evaluated as plasminogen activator inhibi-
tor activity). This is supported by the clinical observation that a high
level of tissue plasminogen activator and a low level of plasminogen
activator inhibitor activity have been associated with an increased
risk of myocardial infarction (73, 76). All assessments of fibrinoly-
sis markers requires sampling with minimal stasis after 10 minutes
of supine rest and must be spunned cooled within 30 minutes of
sampling. Tissue plasminogen activator, plasminogen activator in-
hibitor 1 and plasminogen activator inhibitor activity are assessed
by ELISA (77-79).

The idea in measuring haemostasis markers has to do with the
wish to evaluate thrombosis risk. We chose coagulation markers
characterising the last steps of coagulation. Particularly fibrinogen is
known to be an independent predictor of risk and this marker is in-
fluenced by hormone replacement therapy. With regard to markers
of fibrinolysis, we chose markers, that have been found to be in-
dependent predictors of risk and which are directly involved in the
transformation of plasminogen to plasmin, which represents a cen-
tral step in fibrinolysis.

The cholesterol-fed rabbit — an in vivo model of atherosclerosis

In vivo models are relevant because of their potential to study me-
chanistic factors involved in atherosclerosis and to serve as a fast
screening tool in the identification of interventions, which need
clinical trial investigations. The possibility to use rigorous control
and the ability to bridge surrogate markers to relevant endpoints are
important advantages of in vivo experiments. The principal disad-
vantage of in vivo experiment is the uncertainty with regard to
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extrapolation of effect to humans. Recognized models include cho-
lesterol-fed experimental animals, such as cynomolgus monkey,
baboon and rabbit. Unlike monkeys, who experience a regular men-
strual cycle, rabbits ovulate during mating. However, with regard to
the effect of sex steroids, there has generally been agreement be-
tween the models, which are known to be sensitive to sex steroid
intervention (80-83). In these models, estrogen deficiency is mi-
micked by ovariectomy. The experiment is then based on the devel-
opment of atherosclerotic plagues during cholesterol feeding (80).
Because soy protein in the animal chaw may influence atherosclero-
sis (84) and thereby have the potential to introduce a bias in the re-
sponse to treatment, it is important to include relevant control
groups. We included both placebo (a negative control) and estradiol
(a positive control) in all experiments. Additionally, a sham ope-
rated control group (an intact estrogen production control) were in-
cluded in our first experiment. Rabbits metabolise both estrogen
and raloxifene to a greater extent than women do. Therefore, the
dose-levels of the therapies had to be chosen in order to ensure com-
parability of the drug concentrations in the blood samples. Table 2
outlines the rabbit experiments. The primary endpoint parameter
was the cholesterol content in the portion of aorta between the heart
and the first intercostals arteries. After isolation of intima with part
of the media, the tissue was minced and the lipid phase extracted.
The lipid content could then be determined enzymatically (85) and
area and protein content were also determined. The cholesterol con-
tent in aorta may be corrected for size by adjusting for the amount
of protein or for the surface area. These methods are equally justifia-
ble and are generally comparable. The serum lipids were determined
after ultracentrifugation as described above. For the evaluation of
influence on other estrogen-sensitive tissues, the uterus was re-
moved, its weight determined and the endometrium sampled. After
homogenisation and centrifugation, the cytosolic and nuclear estro-
gen and progesterone receptors were assessed using steroid binding
assays and the values normalized for protein content (86).

The inclusion of the rabbit model served as a fast method to fur-
ther evaluate the influence on cardiovascular risk factors of alterna-
tives to hormone replacement therapy. The results of the studies
formed part of the basis for the design of the clinical trial, which
evaluates the response to raloxifene during raloxifene therapy in
women with established atherosclerosis and with risk factors for
atherosclerosis.

HORMONE REPLACEMENT THERAPY

Postmenopausal women

In our study, LDL-cholesterol was lowered 11% during therapy
with 1 mg estradiol and 15.5% during therapy with 2 mg estadiol

Table 2. Experimental animals in in vivo studies.

(33). The addition of gestodene did not influence LDL-cholesterol
(Figure 2A). The effects on LDL-cholesterol were mirrored in the re-
sponse in apolipoprotein B. This was in contrast to the responses in
HDL-cholesterol and triglycerides, which were a function of both
estradiol and gestodene therapy. On these markers, the estradiol-
induced increases were increasingly counteracted with increasing
gestodene doses (Figure 2B-C), where the responses in apolipopro-
tein A1l followed HDL-cholesterol (33). On the sequential regimens
with 2 mg estradiol, we found a cyclical variation in HDL-choles-
terol with a significantly higher level mid-cycle than end-cycle. The
variation on the regimens with 1 mg estradiol could not be distin-
guished from random variation.

Our results are in accordance with studies on different types and
doses of oral estrogens and progestogens on lipids in postmeno-
pausal women. Thus, LDL-cholesterol is lowered by all oral estrogen
therapies (58) and this lowering seems to be independent of ad-
dition of progestogens such as medroxyprogesterone acetate (32)
and norethisterone acetate (34, 35). The evaluation of HDL-choles-
terol and triglycerides is more complex, because these markers are
influenced by both estrogen and progestogen and conclusions about
the relative influence requires dose finding of both hormones as well
as comparisons of sequential and continuous regimens. However,
data on the combination of conjugated equine estrogens and me-
droxyprogesterone acetate are in accordance with our findings (32,
58). An important consequence of the opposite actions of estrogens
and progestogens upon HDL-cholesterol and triglycerides is that
these lipids may exhibit cyclic variation during sequential therapy.
This has previously been shown for sequential regimens combining
estradiol or estradiol valerate with levonorgestrel, desogestrel or me-
droxyprogesterone acetate (87, 88), but remains to be studied for
other sequential regimens.

In a study investigating conjugated equine estrogens alone or in
combination with progesterone or medroxyprogesterone acetate,
there was a slight increase in fibrinogen in the placebo group, but no
difference from baseline was seen in the active groups (32). Recently,
6 months continuous combination of conjugated equine estrogens
0.625 mg and medroxyprogesterone acetate 2.5 mg or placebo was
studied in healthy, postmenopausal women (89). In this trial, there
was a significant decrease of 30% to hormone replacement therapy
in plasminogen activator inhibitor 1, but no change in fibrinogen.
Another study found that this effect of oral therapy was expressed
already after 1 month and that there was no difference in responses
between conjugated equine estrogen alone or combined with me-
droxyprogesterone acetate (90). Based on these few data, an increase
is observed in fibrinolysis during hormone replacement therapy,
which is independent of progestogen addition. In general, there

Randomisation Soy Duration, Com-
Rabbits (dose of medication is per day) Cholesterol amount per day protein weeks pleters
Study IV 1) Raloxifene 3.5 mg (weeks 8-17), 35 mg (weeks 18-45) (n=25) 200 mg (weeks 8-17), 125 mg (weeks 18-45) ~13% 45 (1994-1995) 23
(n=100) 2) Estradiol 4 mg (weeks 8-45) (n=25) 24

3) Sham operated, placebo (weeks 8-45) (n=25) 24

4) Placebo (weeks 8-45) (n=25) 25
Study V 1) Raloxifene 35 mg (weeks 8-9) (n=6) 3 20 mg (weeks 4-5), 125 mg (weeks 6-10) ~13% 10 (1996) 6
(n=24) 2) Raloxifene 105 mg (weeks 8-9) (n=6) 6

3) Raloxifene 210 mg (weeks 8-9) (n=6) 6

4) Placebo (weeks 8-9) (n=6) 6
Study VI 1) Raloxifene 70 mg (weeks 8-48) (n=20) 200 mg (weeks 8-17), 125 mg (weeks 18-48)  4.2% 48 (1996-1997) 19
(n=80) 2) Raloxifene 210 mg (weeks 8-48) (n=20) 20

3) Estradiol 4 mg (weeks 8-48) (n=20) 19

4) Placebo (weeks 8-48) (n=20) 19
Study VII 1) Raloxifene 210 mg (weeks 20-58) (n=20) 240 mg (weeks 5-19), 80 mg (weeks 20-58) 0% 58 (1997-1999) 20
(n=80) 2) Estradiol 4 mg (weeks 20-58) (n=20) 18

3) Placebo (weeks 20-58) (n=20) 19

4) Baseline control (n=20) 240 mg (weeks 5-19) 20
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Figure 2. The response in lipids and lipoproteins during treatment. Please note that these results origin from 3 different studies [33, 96, 49].
A-C: show the total response to hormone replacement therapy (average of mid- and endcycle relative to baseline calculated from cycles 1, 7 and 26)
(adapted from Bjarnason et al, 2000, Table 3A [33] with permission). 2/25s: 2 mg estradiol in sequential combination with 25 mg gestodene (days 17-28);
2/50s: 2 mg estradiol in sequential combination with 50 mg gestodene (days 17-28); 1/25s: 1 mg estradiol in sequential combination with 25 mg gestodene
(days 17-28); 1/25c: 1 mg estradiol continuously combined with 25 mg gestodene (days 1-28); pl: placebo. D-F: show the 2 year responses to tibolone treat-
ment (adapted from Bjarnason et al, 1997 [96] with permission); 2.5 mg: 2.5 mg tibolone; 1.25 mg: 1.25 mg tibolone; pl: placebo. G-I: shows the 2-year re-
sponse to raloxifene treatment (adapted from Delmas et al, 1997, Table 3; [49] with permission); rlx150: 150 mg raloxifene; rlx60: 60 mg raloxifene; rix30:

30 mg raloxifene; pl: placebo.

does not seem to be a meaningful effect on coagulation, but data on
both fibrinolysis and coagulation needs further investigation. This is
important because hormone replacement therapy increases the risk
of venous thrombosis (42, 43).

In conclusion, oral therapy with 1 and 2 mg estradiol lowers LDL-
cholesterol dose-related in healthy postmenopausal women inde-
pendent of dose and regimen of concomitant gestodene addition.
The influence of oral estradiol on HDL-cholesterol and triglycerides
is a dose-related increase, which is counteracted in a dose-related
fashion by addition of gestodene. The observed cyclic variation in
HDL-cholesterol during sequential gestodene intervention has been
found for regimens containing desogestrel, levonorgestrel and me-
droxyprogesterone acetate (87, 88). Thus, it is likely to occur often
during sequential therapy. Because the variation detected is higher
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than the analytic precision error in most laboratories, it is important
to consider the timing for sampling in women undergoing oral se-
quential therapy, particularly in smoking women, who have been re-
ported to experience exaggerated cyclic variations (88). The most
correct lipid profile will be assessed if samples are drawn both mid-
cycle (before progestogen addition) and end-cycle, but the simplest
schedule to implement would be to sample all women end-cycle.

Ovariectomized, cholesterol-fed rabbits

Analysis of aortic cholesterol content after a follow up of 40 weeks
revealed a significant reduction to one half to one third of placebo
during estradiol treatment 4 mg/day with a non-significant trend
for a reduction on sham-operated animals (63) (Table 2, study IV),
equivalent with the results seen in other experiments (80, 81). Re-
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gression analyses have shown that although serum total cholesterol
and LDL-cholesterol decrease during estradiol therapy, this only
partially explains the effect on the aorta (63, 80). Moreover, experi-
ments in rabbits with pre-induced atherosclerosis have demon-
strated comparable effects (91, 92) (Table 2, study VII).

In our studies estradiol exhibits a comparable efficacy in primary
and secondary intervention studies. In rabbits clamped to choles-
terol-levels higher than those in our experiments, the influence of
estrogen on atherosclerosis progression seem to be partially depend-
ent on an intact endothelium (93), which may be a possible key
finding in the understanding of the influence of estrogen on athero-
sclerosis. This would theoretically indicate that estrogen could be
expected to be more beneficial in primary prevention as compared
to secondary prevention. This is however not supported by data
from randomised controlled studies combined hormone replace-
ment therapy, which found no benefit in women with symptomatic
atherosclerosis (42) but a harmful effect in healthier women (43). It
may be suggested that this difference is related to the choice of pro-
gestogen. Unfortunately medroxyprogesterone acetate is the only
progestogen, which have been evaluated in a study with clinical end-
points. In the rabbit model, some progestogens have been found to
counteract (progesterone) (94) or enhance (norethisterone acetate)
(95) the influence of estrogen on the rabbit vessel wall. This remains
to be studied during dose finding of other progestogens.

TIBOLONE

Postmenopausal women

In parallel with the results on bone, we observed no difference on
cardiovascular risk parameters between the two dose levels of tibo-
lone studied in late postmenopausal women (96). Tibolone therapy
induced neither changes in LDL-cholesterol (Figure 2D) nor in
apolipoprotein B (96). However, a major decrease of 30% was seen
in HDL-cholesterol (p<0.001) (Figure 2E). This change was mir-
rored in apolipoprotein Al and total cholesterol (96). Whereas tri-
glycerides decreased significantly during tibolone treatment (Figure
2F) (p<0.01), no change was observed in Lipoprotein(a) (96). Tibo-
lone lowered plasminogen activator inhibitor 1, plasminogen activa-
tor inhibitor activity and tissue plasminogen activator (p<0.001 for
all). With regard to coagulation, a borderline decrease was seen for
the low dose tibolone group in fibrinogen, whereas no response to
tibolone was seen in antithrombin III. These data are in agreement
with available data on tibolone except that others have found a de-
crease in lipoprotein(a) in non-controlled (97), non-randomised
and open (98) or in cross-sectional (99) studies. In the combination
of two randomised, double-blind placebo-controlled study of a total
of 770 healthy early postmenopausal American women, dose-related
decreases were observed in HDL-cholesterol and Lp(a) but not in
total cholesterol (47). The changes in these studies were generally
greater at 12 months than at 24 months (47).

Experiments with tibolone in advanced atherosclerosis have not
been performed.

In conclusion, whereas tibolone has no influence on LDL-choles-
terol, a decrease is seen in both HDL-cholesterol and triglycerides.
Based on biochemical markers, tibolone promotes fibrinolysis, but
does not seem to influence coagulation. On the 2 dose levels studied,
we found an equal response on all parameters whereas a dose-rela-
tionship for HDL-cholesterol but not for total cholesterol was ob-
served by others (47).

Ovariectomized, cholesterol-fed rabbits

Tibolone was investigated in the rabbit model by Zandberg et al.
(100) in a 20-week experiment with a cholesterol regimen, which
was high relative to that used in our experiments (63, 101). Tibolone
in dose levels of 2, 6 and 18 mg per day significantly reduced aortic
cholesterol accumulation to about 10-50% of placebo, almost elimi-
nated fatty streak formation and reduced advanced lesion formation
to 50% of placebo in cholesterol-fed ovariectomized rabbits (100).
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Regression analyses revealed that the aortic effects were largely inde-
pendent of changes in serum lipids. Although the authors claim that
tibolone did not influence serum triglycerides, there was evidence of
a lowering on the lowest tibolone dose (2 mg), no change on the
mid dose (6 mg) and an increase on the high dose of tibolone (18
mg). The results of this study are in accordance with an additional
study in cholesterol-fed rabbits (102) but in contrast with a study in
cholesterol-fed, oophorectomized monkeys, which did not identify
differences between tibolone in 2 doses and control (103).

In a rabbit study with tibolone, there was a significant and com-
parable effect of tibolone and injectable estrogen but unexpectedly
no effect of oral estrogen (100). In another recent rabbit study and
in a monkey study with tibolone, a positive effect was seen during
estrogen therapy (102, 103). Because the many experiments in this
model have found an effect of oral estrogen (63, 80, 91, 94, 95, 101),
it may be concluded that the effect of tibolone in the rabbit model is
qualitatively equivalent with the influence seen with estrogen. In the
monkey model, however, no difference between control and tibo-
lone was found (103). Possible reasons for conflicting results in rab-
bit and monkey models are discussed in the following section about
raloxifene.

RALOXIFENE

Postmenopausal women

In our study of long-term raloxifene intervention, treatment over 2
years induced a significant dose-related decrease in LDL-cholesterol
(9% decrease on raloxifene 60 mg, p<0.05) (Figure 2G), which was
mirrored in the response in total cholesterol (5% decrease on
raloxifene 60 mg, p<0.05) (49). Changes were observed neither in
HDL-cholesterol (Figure 2H) nor in triglycerides (Figure 2I). These
results were confirmed by 3- and 5-year data (50, 51).

In a 6 months study of cardiovascular risk markers, raloxifene
60 and 120 mg was compared to placebo and 0.625 mg conjugated
equine estrogens in continuous combination with 2.5 mg medroxy-
progesterone acetate. In this study, raloxifene therapy lead to a 12%
decrease in fibrinogen, whereas no change in plasminogen activator
inhibitor 1 was observed (89). This investigation added a significant
decrease in lipoprotein(a), which was intermediate to the decrease
found during hormone replacement therapy. Finally, this study
also showed that raloxifene does not influence C-reactive protein,
which was increased during combined hormone replacement ther-
apy (89).

In conclusion, raloxifene lowers LDL-cholesterol, but influences
neither HDL-cholesterol nor triglycerides. Raloxifene inhibits coag-
ulation, but does not change fibrinolysis based on biochemical
markers of haemostasis. In contrast to the results on bone, there was
a tendency for a dose response relationship on total and LDL-cho-
lesterol in the range from 30-150 mg raloxifene.

Ovariectomized, cholesterol-fed rabbits

In our first rabbit study (Table 2, study IV), suboptimum dose levels
of raloxifene had induced a reduction in aortic cholesterol content
to two thirds of placebo (p<0.05), which was significantly less than
the effect seen with estradiol alone (p<0.01) (63). The rabbits had
initially been treated with 3.5 mg raloxifene per day for 11 weeks,
which lead to undetectable plasma raloxifene concentrations. At this
point, we chose to increase the raloxifene dose to 35 mg per day for
the following 27 weeks. This regimen produced measurable plasma
raloxifene levels, which however were low relative to on-treatment
levels seen in postmenopausal women. After a pharmacokinetic
study in hypercholesterolemic rabbits treated with raloxifene 35, 105
and 210 mg per day for 2 weeks (101) (Table 2, study V), the long-
term experiment was repeated with 70 and 210 mg raloxifene/day
(101) (Table 2, study VI). These raloxifene regimens lead to
significant reductions in aortic cholesterol content compared to
placebo (p<0.05 for both) and the responses to raloxifene and es-
tradiol were not significantly different. After correcting the ral-
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oxifene responses to estradiol responses in the two long-term stud-
ies (63, 101), a trend for a dose-response relationship was revealed
(Figure 3). By relating plasma raloxifene Cmax in rabbits to on-
treatment levels seen in postmenopausal women during raloxifene
intervention, it was estimated that a clinically relevant raloxifene
treatment regimen would result in about two thirds of the effect of a
clinically relevant estradiol treatment regimen in the cholesterol-
fed, ovariectomized rabbit (Figure 3). In a third long-term rabbit
study where mild atherosclerosis was induced over 15 weeks, we
found a reduction in the progression of atherosclerosis as compared
to placebo (92) (Table 2, study VII). During the time period in
which the 4 rabbit studies were conducted, hypotheses concerning a
preventive effect of soy protein contents upon atherosclerosis were
raised (84). Therefore, we chose rabbit chaw with the lowest content
of soy protein, which was available at the time of study initiation
(Table 2). However, the fact that the difference between active treat-
ment and placebo was in the same order of magnitude in all studies,
indicated that the presence of relevant control arms had eliminated
soy protein content as a potential bias (63, 92, 101). In all studies,
analyses of covariance relating serum lipids and lipoproteins to aor-
tic cholesterol content showed that only part of the effect of
raloxifene and estradiol could be attributed to the lipid lowering
(63,92, 101).

A study in ovariectomized, cynomolgus monkeys on development
of atheroma formation in coronary arteries was not able to demon-
strate an effect of raloxifene, whereas treatment with conjugated
equine estrogens was effective in reducing plaque formation (104).
Reasons for this inconsistency between rabbit and monkey are un-
known, but have been under discussion (105). The consistency in 3
long-term rabbit studies supports our results. The effect of
raloxifene in this model is always less than that of estrogen, therefore
a failure of raloxifene to demonstrate effect in a single monkey ex-
periment is not inconsistent with reality in in vivo studies. A varia-
tion in result may also relate to differences between the rodent and
the primate, however other published experiments have shown con-
sistency with regard to a selection of sex steroids and their analogs
and raloxifene would then be the first of these drugs to induce a dif-
ferent response in rabbit and monkey. Finally, the rabbit results are
in accordance with an exploratory post-hoc analysis of 4 years of
raloxifene therapy versus placebo in osteoporotic women. This eval-
uation revealed a 40% reduction in cardiovascular clinical end-
points during raloxifene treatment in the subset of women with the
highest baseline risk of cardiovascular events (106). A placebo-con-
trolled study in 10,000 postmenopausal women selected to be at car-
diovascular risk is currently ongoing in order to determine the effect
of raloxifene therapy on the incidence on fatal and non-fatal myo-
cardial infarction (107).

In conclusion, the influence of raloxifene on rabbit aortic athero-

sclerosis is a significant lowering, which is present in both primary
and more advanced disease and which is only partially explained by
serum lipid and lipoprotein changes. Finally, clinical data have sug-
gested that raloxifene may be cardioprotective (106), but this find-
ing needs confirmation.

A SAFETY EVALUATION OF BREAST AND UTERUS

BREAST

Estrogen has a central role in the development of estrogen-depen-
dent breast tumours, but postmenopausal (estrogen deficient)
women have a higher risk of being diagnosed with breast cancer
than premenopausal women. It has been suggested, that it is the
total life-long estrogen exposure which determines risk, but post-
menopausal estrogen synthesis in peripheral organs and tissues,
such as adipose tissue have also been proposed to play a role. Only
very little estrogen may be enough to increase risk, thus even endo-
genous low estrogen concentration in postmenopausal women have
been found to influence the risk of breast cancer (108). Both estro-
gen receptor O and [ are present in breast tissue (9).

The breast may be monitored by mammography for a qualitative
evaluation of tumour risk and recently, breast density measure-
ments — a quantitative assessment based on mammograms — have
been introduced (109). Longitudinal data have shown that a high
breast density is associated with an increase in the risk of breast can-
cer (110), but it is not known whether a pharmacologically induced
change in breast density influences breast cancer risk.

Breast tenderness is often monitored during adverse event collec-
tion in randomised trials in postmenopausal women. Although this
symptom is a function of both estrogen and progestogen treatment,
it occurs often during progestogen addition in sequential therapies.
This association with progestogen therapy is in accordance with the
frequent occurrence of breast tenderness in premenstrual premeno-
pausal women. At present, there is no firm evidence for a relation
between breast tenderness and mammographic density/breast can-
cer risk. This would however be a relevant scientific question to ask
because combined hormone replacement therapy has been reported
to lead to a higher increase in breast density (109) and in breast can-
cer risk as compared to estrogen therapy alone (111).

Hormone replacement therapy

Breast tenderness occurs significantly more often during hormone
replacement therapy regimens (32, 33, 35). By post-hoc evaluation,
breast density was examined on the yearly mammograms during a
randomised, controlled study of combinations of conjugated equine
estrogens and progesterone or medroxyprogesterone acetate (109).
There was a significant increase in all active groups, but the increase
was larger in the combined groups than in the unopposed group.
Based on observational data, it has been reported that hormone re-

Raloxifene Plasma raloxifene
relative to estrogen concentrations relative to a clinically
response relevant level (= 1 ng/ml)
1.5 4.0+
Figure 3. Raloxifene and estrogen: 3.0
anti-atherosclerotic potential. The left
hand site shows the response in aortic
cholesterol content during raloxifene 2.0
therapy relative to that of estradiol in
the ovarectomized, cholesterol-fed rab- 054
bit model. The right hand site shows the 1.0
corresponding plasma raloxifene con-
centrations relative to the concentra- 0 0
tion seen in postmenopausal women 35 70 210 35 70 210

during treatment with raloxifene 60 mg
(adapted from Bjarnason et al, 2000,
page 231 [101]).

mg raloxifene day mg raloxifene day
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placement therapy increases the risk of breast cancer with a relative
risk of 1.35 (1.21-1.49) for more than 5 years hormone replacement
therapy use — an effect which is comparable with that of delaying
menopause (112). Recently, this has been confirmed by another ob-
servational study, which also demonstrated an increase in the risk of
mortality during hormone replacement therapy (111). With regard
to the influence of progestogen addition, some data point towards
an increase in risk (111) whereas others find no difference from un-
opposed therapy (113). In the Womens Health Initiative study, a
randomised controlled trial comparing conjugated equine estrogens
in continuous combination with medroxyprogesterone acetate with
placebo, a significant 26% increase in breast cancer was observed
during active treatment (43).

Tibolone

Tibolone has not been reported to significantly increase breast
tenderness (44, 46, 47). In vitro data have found that tibolone sti-
mulates estrogen sulphotransferase, an effect that theoretically may
lead to inhibition of breast cancer development (114). The influence
of tibolone on breast density has been investigated in 2 small open
studies, one randomised (115) and one uncontrolled, observational
(116). In the first, an intermediate increase in density between the
small increase seen with unopposed estrogen therapy and the larger
increase seen with combined hormone replacement therapy was
observed (115), in the other no difference from baseline was found
(116). Recently, an open randomised 12-months comparison of
tibolone and raloxifene could not demonstrate a significant change
in breast density in any group (117). The risk of breast cancer
during tibolone therapy has not been studied in a randomised con-
trolled setting, but a large observational study conducted in the UK
revealed an increased risk in a similar order of magnitude as seen
during unopposed estrogen therapy in the same cohort, but lower
than the risk during combined hormone replacement therapy (111).

Raloxifene

Both in early postmenopausal women and in elderly osteoporotic
women raloxifene does not induce breast tenderness (49, 52, 53). In
vitro and in vivo experiments have demonstrated an inhibitory
influence of raloxifene upon breast cancer (118). During 5 year fol-
low-up in hysterectomized women, raloxifene lead to changes in
mammographic breast density comparable to placebo (119). In con-
trast, an increase in breast density was found during unopposed
therapy with conjugated equine estrogens. During 3 years, therapy
with raloxifene 60 or 120 mg in osteoporotic women reduced the
risk of breast cancer by 76% as compared to placebo (120). This ef-
fect was caused by a decrease in the risk of estrogen receptor positive
cancer with 90%, whereas no effect is observed on estrogen receptor
negative cancer. Four-year follow-up revealed comparable results
(121). A randomised trial of 22,000 women with breast cancer risk
factors is currently ongoing to compare the effect upon breast can-
cer incidence of raloxifene with tamoxifen.

UTERUS

Estrogen monotherapy in postmenopausal women is associated
with increased risk of endometrial hyperplasia and subsequently
endometrial carcinoma (122). Addition of a progestogen counter-
acts this risk and a combined therapy is therefore recommended to
ensure endometrial control in women with an intact uterus. Both
estrogen receptor 0 and [ have been demonstrated in the en-
dometrium (9).

Hormone replacement therapy

The control of vaginal bleeding during combined hormone replace-
ment therapy depends on the type and dose of the progestogen, the
ratio between the estrogen and progestogen component, the regimen,
the level of endogenous estradiol and the individual endometrial
response (123).

74

Most sequential hormone replacement therapy regimens cause a
cyclical vaginal bleeding comparable to premenopausal ovulatory
bleeding (123). This is in accordance with our data, but we also
found that some women on low dose sequential therapy do not
bleed once they are stabilized on the therapy (124). The average
number of days with bleeding did not differ according to dose of
estradiol or gestodene, but a high estradiol/gestodene ratio was
associated with an earlier onset of bleeding (124). Breakthrough
bleeding may be evaluated to be the clinically important bleeding
pattern in women during hormone replacement therapy. Most
women being treated with continuous (124) or interrupted (125)
progestogen addition do not bleed, except for a tendency for break-
through bleeding within the first 6-12 months of intervention. The
histology of the endometrium at such bleeding episodes is typically
atrophic with weakly developed secretory patterns (123, 124). It is
postulated that this bleeding is caused by vascular instability due to
abnormalities of vascular growth in combination with an imbalance
between tissue degrading matrix metalloproteinases and their inhib-
itors (123). This is in contrast to breakthrough bleeding during
continuous combined oral contraceptives in which inflammatory
cell infiltration also is thought to play a role (123). The lowest pro-
gestogen dose-regimen, which counteracts histologically verified hy-
perplasia during concomitant estrogen treatment does not ne-
cessarily also lead to an acceptable bleeding control. This usually
requires more progestogen.

During unopposed therapy, breakthrough bleeding may occur,
but because the endometrium is not transformed in a secretory
phase, it is not a regular withdrawal bleeding. Here, the endo-
metrium is characterized by focal severe proliferation and hyper-
plasia in contrast to the diffuse endometrial changes seen during a
regular menstrual bleeding (123).

Tibolone
In elderly women and in early postmenopausal women as well, the
incidence of breakthrough bleeding during therapy with 1.25 or 2.5
mg tibolone was 20% (44, 126). Short-term data have shown that
treatment with 5 mg tibolone lead to severe bleeding problems (45).
Tibolone has not been reported to increase endometrial cancer risk.
In ovariectomized rabbits, the uterus weights on the two lowest
dose levels of tibolone were comparable with estrogen and signifi-
cantly higher than placebo. Interestingly, on the top dose a signifi-
cant increase over estrogen was seen (100). An increase in uterus
weight on tibolone as compared to estradiol in rabbits has been con-
firmed in another study (102) and similar data have been found in
rats (5). Thus, at the doses tested tibolone may be evaluated to have
neutral or slightly stimulatory effects with an increasing stimulatory
influence when the dose of tibolone is increased.

Raloxifene

Raloxifene therapy induces neither vaginal bleeding nor changes in
endometrial thickness as showed in both early postmenopausal
women and in elderly women with osteoporosis (49, 52, 53). More-
over, no influence of raloxifene was detected on endometrial cancer
incidence in elderly women, although only 10 cancers in 7705
women were diagnosed (120).

Studies of ovariectomized raloxifene-treated rabbits supported
both anti-estrogenic and estrogen-like activities on the endome-
trium as well as a dose-response relationship. In the study of sub-
optimum raloxifene doses, the uterine wet weight in the raloxifene
group was similar to placebo (63), but when higher raloxifene doses
were used, the uterine wet weights in raloxifene groups were signifi-
cantly lower than placebo (101). Thus, concomitant with increasing
raloxifene dose, an increasing inhibition of uterine weight was ob-
served. In all studies, the uterine wet weight in the estradiol groups
was significantly higher than both placebo and raloxifene (63, 92,
101). Endometrial receptor analyses revealed that cytosolic estradiol
receptor content was down-regulated and nuclear estradiol receptor
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content was up-regulated on raloxifene therapy (63, 101). This was
different from the endometrial response to estrogen. This effect in-
duced by raloxifene is most likely due to a translocation of estrogen
receptors from the cytosol and accumulation in the nucleus, but rea-
sons for this translocation and its effect are unknown. Interestingly,
both estradiol and raloxifene up-regulated cytosolic progesterone
receptor levels, which is associated with estrogen stimulation (63,
92). Thus, in the uterus, raloxifene exerts both estrogen agonistic
and antagonistic effects.

COMMENTS

BONE

Despite the lack of head-to-head comparisons, the comparability in
the pattern of responses indicate that the mechanisms of action on
bone of estradiol, tibolone and raloxifene are related, and that the
effects of tibolone and raloxifene are most likely to be explained by
an estrogen agonist effect. For tibolone this is supported by an ex-
periment showing that the inhibitory effect of tibolone on bone loss
in ovariectomized rats is abolished by addition of an anti-estrogen
but unchanged during addition of an anti-progestogen or an anti-
androgen (127). For raloxifene this is supported by mechanistic ex-
periments of the interaction between raloxifene as a ligand and the
estrogen receptor (128). Interestingly, raloxifene interacts with non-
estrogen response elements to target specific expression of proteins,
different from estrogen. The present data indicate that the dose-
response relationships of the investigated treatment modalities are
different. For example, whereas it is evident that the full anti-resorp-
tive effect on bone is not reached by raloxifene, there seem to be a
closer relation with tibolone and estradiol — depending on the dose
chosen. This is supported by recent 2-year investigations of combi-
nations of alendronate 10 mg with either conjugated equine estro-
gen (129) or raloxifene (130). Results from these studies in women
with a T-score less than —2, show that the combination of alendro-
nate and hormone replacement therapy increases bone mass slightly
(8.3%) as compared to either therapy alone (both 6.0%), whereas
the difference between raloxifene alone (2.1%) and the combination
of raloxifene and alendronate (5.3%) seems to be larger. This indi-
cates that the full anti-resorptive potential on bone is not reached
with either of the maximum doses tested. However, the additional
benefit of adding another anti-resorptive drug to a top dose of hor-
mone replacement therapy or tibolone is limited with regard to effi-
cacy on bone mass, non-existing on antifracture efficacy and only
sparsely explored with regard to safety. It is not clear if a long-term
reduction of bone turnover far below premenopausal levels results
in a deleterious bone effect, but recent data have shown that initial
therapy for 2 years with alendronate 20 mg per day in healthy, early
Danish postmenopausal women lead to a reduction in bone resorp-
tion, which was still not normalized 7 years after discontinuation of
therapy (131).

Estradiol and tibolone therapy lead to a greater response in an ax-
ial site with a content of primarily trabecular bone such as the spine,
whereas peripheral sites with a content of primary cortical bone
such as the hip and forearm responded with less of an increase or
with inhibition of bone loss (33, 44). During raloxifene treatment,
however, there was a similar BMD response in axial and peripheral
measurement sites (49, 52, 53). One hypothesis accounting for the
differential BMD effects of raloxifene versus tibolone and estradiol
implies an increase in the amount of mineral per unit of bone dur-
ing tibolone and estradiol therapy. Animal and human bone micro-
radiography studies indicate that, when bone metabolism is mark-
edly reduced by an anti-resorptive treatment, the second phase of
mineralisation (which accounts for about 30% of mineral deposited
into bone) is significantly prolonged, resulting in an increase in the
mean amount of mineral per unit of bone (132). Such an effect is
more likely to be observed in sites rich in trabecular bone, such as
the spine, as it is characterized by a higher turnover than cortical
bone. Thus, the large increase in BMD observed with anti-resorptive
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agents that remarkedly reduce bone turnover (below the normal
postmenopausal range) could be due initially to filling of the re-
modelling space (greatest in trabecular bone) and later to increase in
bone mineral per unit of bone (also greatest in trabecular bone).
Such a hypothesis is consistent with the difference in bone turnover
marker suppression between raloxifene and estradiol or tibolone.
Another aspect of the differential responses in bone mass on ral-
oxifene as compared to traditional regimens of hormone replace-
ment therapy and bisphosphonates lies in the interpretation of frac-
ture risk reduction. Interestingly, the reduction in vertebral fracture
risk is in the same order of magnitude on these therapies despite the
difference in spinal bone mass response. This is in contrast to frac-
tures of the forearm and the hip, where raloxifene did not demon-
strate efficacy. Theoretically, sites with a relatively high content of
trabecular bone (such as the vertebrae) may just need a slight re-
duction in turnover to prevent osteoclast from perforating the
trabecular plates and thereby reduce fracture risk (133). Thus, both
potent and less potent therapies may reach this low threshold and
prove effective here. Conversely, sites with a relatively high content
of cortical bone (such as the forearm and the hip) may need a more
substantial increase in bone mass, which is only achieved by potent
antiresorptive therapy regimens or formation-stimulating agents
(133).

It seems from our data that the larger the decrease in bone turno-
ver, the larger the increase in bone mass during hormone replace-
ment therapy (Figure 1). Post-hoc analyses revealed that there was a
highly significant association between a short-term change in bone
turnover and a long-term response in bone mass for both estradiol
(29) and tibolone (134). Interestingly, an association between the
short-term decrease in bone turnover and the long-term vertebral
risk reduction during raloxifene treatment has been demonstrated
(31). This association remained significant after adjustment for age,
baseline BMD and fracture status (31). These results may indicate
that fracture protection during anti-resorptive therapies can be
mechanistically understood from bone turnover decrease over bone
mass increase to bone strength increase thereby obtaining fracture
prevention. This theory is supported by the demonstration of a pos-
itive relationship between the increase in bone mass and reduction
in vertebral fracture risk during alendronate therapy (135). We thus
conclude, that tibolone and raloxifene have an estrogen-like influ-
ence on bone, although with a different dose-response relationship.
Whereas tibolone demonstrates comparability with estrogen, the
dose-response relationship for raloxifene is broad and with a some-
what weaker maximum effect. The therapies act by decreasing bone
resorption, which leads to an increase in bone mass and reduction
in fracture risk, the latter has however only been investigated in
studies with sufficient power for raloxifene and estrogen, but it re-
mains to be studied for tibolone.

CARDIOVASCULAR SYSTEM

Whereas we found primarily similarities in the effects of tibolone,
raloxifene and estradiol in combination with gestodene on bone
(Figure 1), we found differences in the effect of these treatments
upon biochemical cardiovascular risk markers (Figure 2) but simi-
larities in the influence on in vivo atherogenesis (Figure 3).

The effect on LDL-cholesterol and apolipoprotein B seems to pri-
marily originate from the estradiol stimulation alone, whereas the
influence on HDL-cholesterol, apolipoprotein Al and triglycerides
is likely to be caused by the combined effect of estradiol and gesto-
dene in a competitive antagonistic fashion within the dose ranges
investigated (Figure 2) (33).

An approach to explain the influence of tibolone on cardiovascu-
lar risk markers may be to assume a progestogenic effect of the com-
pound, which is strong relative to its estrogenic effect. Thus, the de-
creases in HDL-cholesterol and triglycerides may be the result of a
progestogenic action, which antagonizes and counteracts the estro-
genic action of tibolone. This is in accordance with the influence of
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tibolone on fibrinolysis, an effect that seems to be mediated by the
estrogen effect alone, comparable to the response seen during com-
bined hormone replacement therapy. It has been suggested that the
influence of tibolone on the lipids originates from its androgenic
effect. This is however not in accordance with the effect on LDL-
cholesterol, which is usually lowered during treatment with andro-
gens. An experiment using adding an anti-progestogen or an anti-
androgen to tibolone may further explore these theories. The in-
fluence of tibolone treatment on cardiovascular clinical endpoints
remains to be studied.

The effect of raloxifene on cardiovascular risk markers may be
understood from a theory involving independent, but parallel
mechanisms whereby hormone replacement therapy and raloxifene
operate to control these parameters. Some of these processes seem
to be changeable by raloxifene only, some by estrogen alone, and
some by both. Thus, the decrease in LDL-cholesterol is equivalent
with that seen during hormone replacement therapy, whereas the ef-
fects on HDL-cholesterol, triglycerides and fibrinolysis markers may
be induced by estrogen only. Conversely, the effect on coagulation
seems to be found for raloxifene alone. Whereas a dose-response
relationship was found for traditionally used dose-ranges of estro-
gens and progestogens (33), this is less pronounced for raloxifene
(49) and non-existing for tibolone (44) for the dose levels investi-
gated (Figure 2).

The results of the in vivo experiments may be interpreted in par-
allel with the results seen on bone, where raloxifene seem to have a
moderate, estrogen-like effect. This would be in line with the partial
estrogenic lipid effect seen with raloxifene. However, non-lipid
mechanisms may be involved in the effect of estradiol as well as
raloxifene and tibolone. This is supported by data showing that
raloxifene relaxes rabbit and human coronary arteries acutely by an
endothelial-dependent mechanism involving nitric oxide (136).
Data also indicate that tibolone preserves the endothelium-depend-
ent acetylcholine induced relaxation response in aortic rings from
rabbits fed with an atherogenic diet (100). A post-hoc subset analy-
sis from a fracture study of raloxifene indicated that women with
cardiovascular risk factors in addition to osteoporosis had benefit
from raloxifene intervention in terms of prevention of cardio-
vascular clinical endpoints (106). This benefit was of comparable
size as the reduction in aortic cholesterol content in the rabbit ex-
periments (63, 92, 101).

Almost all observational studies have found a decreased risk of
cardiovascular disease during hormone replacement therapy (3, 137,
138). Although cardio-protection has been thought to be plausible,
a concern about the epidemiological evidence for a preventive effect
of hormone replacement therapy has been the possible bias of com-
paring women who chose to be compliant with long-term hormone
replacement therapy with those who do not take hormone replace-
ment therapy (139). In order to control for known and unknown
confounders, blinded, randomised, controlled studies are needed.
The Heart and Estrogen/Progestin Replacement Study compared
placebo with conjugated equine estrogens in combination with me-
droxyprogesterone acetate over 4 years on cardiovascular events
(42). The surprising null conclusion of this trial in 2,763 women
with severe atherosclerosis raised doubts about the exact effect of es-
trogen and progestogen upon advanced ischemic heart disease
(140). The Estrogen Replacement and Atherosclerosis trial which
over 3 years compared both unopposed conjugated equine estrogens
with a continuous combination of conjugated equine estrogens and
medroxyprogesterone acetate with placebo in 309 women with
atherosclerosis also found no significant differences between the
groups during evaluation of angiographic endpoints (141). Many
concerns were raised because of these data: type, dose and regimen
of estrogen and progestogen, confounding by concomitant medica-
tion, disease severity and age of participants, inadequate power and
duration of study and poor compliance. Finally, 5.2 years therapy
lead to a 29% increase in the risk of coronary heart disease and a
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41% increase in the risk of stroke in the 8506 healthy women, who
had been randomised to conjugated equine estrogens in combina-
tion with medroxyprogesterone acetate in the Women Health In-
itiative study (43). Based on these results, it may be concluded that a
cardiovascular benefit of combined hormone replacement therapy
has not been detected — in fact the influence of this therapy is found
to be harmful. The effect of the arm, which compares placebo with
conjugated equine estrogens alone in hysterectomized women con-
tinues to be studied, which indicates that the risk-benefit ratio on
this regimen is at least neutral. This may suggest that combined hor-
mone therapy is more adverse than unopposed estrogen treatment.
However, a 2-year randomised study of estradiol alone versus pla-
cebo in women with atherosclerosis failed to demonstrate a cardio-
vascular benefit on clinical endpoints (142). Another randomised
3.3 year study in 226 women with coronary artery disease compared
placebo, estradiol, and a combination of estradiol and medroxypro-
gesterone acetate on change in stenosis on quantitative coronary an-
giography. Also in this study, there was no difference between either
of the groups (143). One theory for the adverse effects of hormone
replacement therapy is that a prothrombotic and proinflammatory
effect of the therapy outweighs the benefits of the lipid lowering
(133). This theory is based on the fact that hormone replacement
therapy increases the risk of venous thrombosis (43) and increases
C-reactive protein, which is known as a marker of inflammatory ac-
tivity (144). Changes in haemostasis parameters during hormone
replacement therapy and raloxifene treatment have, however, not
been linked to the increased risk of venous thrombosis during these
therapies.

A possibility to understand Heart and Estrogen/Progestin Re-
placement Study (42) and the Women Health Initiative Study (43)
results lies in consideration of the population characteristics (145).
Ideally, one would prefer to include women normally considered for
hormone replacement therapy. Unfortunately, this is impossible be-
cause women do not accept randomisation to long-term placebo if
they suffer from climacteric complaints. Moreover, the women in
these US-based studies were relatively heavy. The average body mass
index in the Women Health Initiative Study was 29 kg/m? (43) and
in Heart and Estrogen/Progestin Replacement Study about 60% of
the participants had a body mass index over 27 kg/m? (42). This is
important because heavy postmenopausal women have higher en-
dogenous estrogen production than thinner women. This distinc-
tion has been shown to be clinically relevant in several estrogen-sen-
sitive organs. For example, postmenopausal women with a high es-
tradiol level in the postmenopausal range have increased risk of
breast cancer (108). In addition, we found that a body mass index
above 27 kg/m? arrested bone loss in early postmenopausal women
(146). In contrast, women with a body mass index below 23 kg/m?
had a bone loss, which was twice as high as had those with a body
mass index between 23 and 27 kg/m? (146). Thus, fat women with-
out climacteric complaints may be considered to undergo hormone
therapy already and it is unknown whether further estrogen supple-
mentation may be harmful.

Additionally, central fat localisation has been found to be a major
risk factor for atherosclerosis (147), and the women in Heart and
Estrogen/progestin Replacement Study and the Women Health Ini-
tiative Study were not characterized with regard to fat distribution.
Finally, genetic variability in the response to hormone replacement
therapy was suggested during a post-hoc analysis in the Estrogen
Replacement and Atherosclerosis Trial, where women with a sequence
variant in the estrogen receptor O gene responded with an aug-
mented increase in HDL-cholesterol (148). Thus, questions remain
to be answered with regard to characterisation of the population in
consideration for therapy and also with regard to progestogen selec-
tion.

That hormone replacement therapy, tibolone and raloxifene dem-
onstrate different effects on cardiovascular biochemical markers
(Figure 2), comparable effects in rabbit experiments (Figure 3) but
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different effects in clinical studies argue against a significant impor-
tance of the lipid model. The basis for the lipid-model as an expla-
nation for the effect of estrogen is the observation that a high level of
LDL-cholesterol and a low level of HDL-cholesterol are associated
with an increase in the risk of cardiovascular disease. However, this
does not imply that a pharmacologically induced increase or de-
crease of these markers will be equivalent with a baseline high or low
level of this parameter in untreated individuals. A decrease in LDL-
cholesterol during statin therapy has been coupled to the decrease in
risk, but the decrease during a regular statin regimen is much larger
than the decrease seen during hormone replacement therapy. Inter-
estingly, the failure of a recent pravastatin study was in fact linked to
an inadequate reduction in LDL-cholesterol, which was in the same
order of magnitude as that seen during hormone replacement ther-
apy (149). But most importantly, the lipid changes seen during hor-
mone replacement therapy do not explain the results on clinically
relevant cardiovascular endpoints in randomised, controlled trials
of hormone replacement therapy.

CONCLUSION AND PERSPECTIVES
Table 3 summarizes the differential responses to therapy with
raloxifene, tibolone and hormone replacement therapy.

The results on bone parameters are consistent with the effects on
clinical fracture endpoints. Thus, a greater response in bone turn-
over and bone mass within the regimens investigated leads to a
greater reduction in fracture risk. This suggests that measurements
of bone mass and bone turnover are useful in the identification of
regimens to be tested in clinical endpoint studies. Furthermore,
the markers may be used in the monitoring of patients undergoing
therapy.

The effects on bone are in contrast to the results on cardiovascular
risk markers. Whereas a differential effect is seen on lipids and hae-
mostasis assessments, rabbit experiments show comparable results
for the therapies studied. These evaluations offer no simple explana-

Table 3. A qualitative estimation of the influence of tibolone and raloxi-
fene in healthy postmenopausal women with estrogen and progestogen as

reference.
Ralo- Proge-

Tibolone xifene Estrogen stogen
Bone
Resorption ................ Uy U U N
Formation ................ U U W Norfl
Bonemass ................ il ft il Norfl
Fracture .................. - U W -
Cardiovascular system
Human
LDL-cholesterol ............ N U U N
HDL-cholesterol ........... U N ft U
Triglycerides .............. U N f U
Fibrinolysis . ............... ft N ft N
Coagulation .............. N U N N
In vivo
Rabbit aortic atherosclerosis .. U U YU N, Torl
Breast
Symptoms . ............... N N ft ft
Cancer ........o.oeeeuunnnn. fi* WU f N*
Uterus
Human
Symptoms ...l n N i i
Cancer ..........o.oiiiii. - N fi* U=
In vivo
Rabbit uterine weight ... ... n U f U

f1: Increase or stimulatory.  fifl: Greater increase or stimulatory effect.
U: Decrease or inhibitory. ~ UU: Greater decrease or inhibitory effect.
-: Data not available. *: Observational evidence only.

N: Neutral.
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tion of the divergent results on clinical endpoints, where hormone
replacement therapy seems to be harmful in spite of observational
and experimental evidence. Thus, whereas the epidemiological and
the randomised controlled studies show consistency with regard to
the influence of hormone replacement therapy on bone and breast,
they demonstrate inconsistency with regard to cardiovascular dis-
ease. Eventually, there is no substitute for the randomised controlled
trial in cardiovascular disease.

In the investigation of therapies, which influence several tissues, it
is important to consider that the dose response relationship may dif-
fer between target organs. Therefore, different doses may be chosen
for different target organs depending on the therapeutic window for
the condition in need for treatment.

Although tibolone and raloxifene expand the treatment options
in postmenopausal women, the ideal alternative to hormone re-
placement therapy is not yet identified. Tibolone may possess some
of the safety problems seen with hormone replacement therapy and
raloxifene is less potent on bone and may worsen climacteric symp-
toms. Knowledge of these therapies may however improve the
search for alternatives to hormone replacement therapy. Here, the
emerging understanding of the pharmacology of drugs influencing
estrogen receptor isoforms is likely to improve a rational drug de-
sign. Three interactive mechanisms have been suggested (133): First,
the expression of estrogen receptor O and 3 varies in different target
organs. Estrogen receptor O is almost always an activator, whereas
estrogen receptor 3 can inhibit receptor o by forming a heterodimer
with it. If a SERM influences both receptor isoforms, the relative
availability of the receptors will influence the cellular response. For
example, raloxifene has been found to function as an estrogen an-
tagonist when acting through estrogen receptor 3 on genes contain-
ing estrogen response elements but function as a partial agonist
when acting on genes through estrogen receptor o (150). Second,
receptor-ligand binding results in conformational differences rang-
ing from estrogen at one extreme to an estrogen antagonist (ICI 164,
384) at the other with SERM-bound receptors assuming intermedi-
ate shapes (133). Third, depending on the ligand-receptor confor-
mation co-regulatory proteins are activated, which may act either as
positive or negative transcriptional regulators. For example,
raloxifene and tamoxifen act on mammary cells by recruiting core-
pressors to estrogen-receptor target promoters. In contrast, tam-
oxifen acts in endometrial cells by recruiting coactivators, whereas
this recruitment does not happen with raloxifene (151). This is in
accordance with the clinical effect on the endometrium of both
therapies.

The optimum alternative to hormone replacement therapy has
the advantages of estrogen but none of its adverse effects and offers
protection against breast cancer. Additional strategies could be to
develop a drug with exclusive potent effects on bone or on the car-
diovascular system. These goals may be searched through knowl-
edge of estrogen receptor isoforms and through studies described in
this thesis.

Interestingly, it has been suggested that the differential effects of
drugs acting via estrogen receptors may be a general feature among
steroid nuclear-receptor families (133). Thus, it is a future possibil-
ity that safe analogues of corticosteroids, progestogens and vitamin
D may be available.

SUMMARY IN DANISH
Formaélet med athandlingen har veeret at evaluere effekten af tibolon
og raloxifen, som er gstrogen-lignende alternativer til hormonsub-
stitutionsterapi i forebyggelsen af postmenopausalt knogletab samt
mht. indflydelse p& risikomarkerer for hjerte-kar-sygdom. Som
sammenligningsgrundlag valgtes hormonsubstitutionsbehandling.
I alt tre randomiserede, placebokontrollerede og dobbeltblinde
forseg af 2-3 &rs varighed i 970 raske postmenopausale kvinder
viste:
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1. Tibolonbehandling reducerer knogleomsatningen og eger knog-
lemineralindholdet. Effekten af de to undersogte dosisniveauer,
1,25 og 2,5 mg er sammenlignelig og svarer til effekten af behand-
ling med 1-2 mg ostrogen.

2. Raloxifenbehandling reducerer ligeledes knogleomsztningen og
oger knoglemineralindholdet. Effekten af de tre undersogte dosis-
niveauer, 30, 60 og 150 mg er af sammenlignelig storrelsesorden,
men synes svagere end effekten af tibolon og standardregimer af
hormonsubstitutionsbehandling.

3. Tibolon reducerer HDL-cholesterol og triglycerid, men @ndrer
ikke LDL-cholesterol. Dette er i overensstemmelse med en over-
vejende gestagen indflydelse. Tibolon har derimod en estrogen-
lignende effekt pa markerer for hemostase, idet endring til
fordel for fibrinolyse induceres.

4. Raloxifen reducerer LDL-cholesterol, men @ndrer ikke HDL-
cholesterol eller triglycerid. Dette svarer til en partiel @strogen
virkning.

Endvidere viste i alt fire eksperimenter i 284 hun-kaniner i den
oophorektomerede kolesterol-fodrede model i varighed af tre uger
til halvandet ar, at raloxifen reducerer graden af aterosklerosedan-
nelse i aorta, ligeledes med en partiel @strogen virkning.

Vurdering af sikkerhedsprofilen viste, at tibolon medferer en svag
stimulation af endometriet, siledes oplever ca. 20% af kvinderne
pletbledning. Raloxifen forer derimod ikke til menstruationslig-
nende bledning og reducerer desuden forekomsten af brystcancer
med 76% med en effekt, der udelukkende ses hos gstrogen-receptor-
positive cancere.

Det konkluderes, at selv om tibolon og raloxifen udvider behand-
lingsmulighederne hos postmenopausale kvinder, repraesenterer
disse leegemidler ikke det ideelle alternativ til hormonbehandling.
Tibolon kan medfere i det mindste nogle af de sikkerhedsmassige
problemer forbundet med hormonbehandling, og raloxifen synes
mindre effektiv i forebyggelse af osteoporose og athjelper ikke kli-
makterielle gener, men kan forvaerre symptomerne. Imidlertid kan
indsigten i de differentierede aspekter af disse legemidler vare med
til at oge forstdelsen for behandlingseffekter i @strogenfolsomme
vev og til at malrette udviklingen af nye laegemidler til postmeno-
pausale kvinder.
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