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Introduction

Osteoporosis remains an under prioritized and undertreated
disease, despite the emergence of very effective and safe treatment
modalities over the last 30 years. Prior to this development Hormone
Replacement Therapy (HRT), be it as estrogen only (ET) or combined
with a progestogen (HT) in hysterectomized or women with intact
uterus, respectively, were the main treatment options. Commonly
used doses are 0,5-2 mg/day (oral 17 estradiol), 0,3-1,25 mg/
day (Conjugated estrogens) and 25-100 ug/24 h (transdermal
administration).

After the initial publications of the Women’s Health Initiative
(WHI) trial 2002 [1], HRT has fallen out of favor as a treatment
modality for osteoporosis. It is not recommended for this purpose
in most countries, and the US Preventive Task Force (USPTF)
advices against its use for long term treatment. Selective Estrogen
Receptor Modulators (SERMs) were subsequently developed in
an attempt to develop drugs, which reduced CV and breast cancer
risk, while still reducing risk of osteoporotic fracture. The majority
of SERMS under development, however, never made it to market.
Arzoxifene, droloxifene, idoxifene, lasofoxifene, levormeloxifene are
names associated with very expensive development programs, never
resulting in a marketable compound due to either lack of efficacy or
more often safety signals. Thus, only Raloxifene and Basedoxifene are
available for osteoporosis treatment, and the latter is mainly used in
combination with Premarin as a treatment for menopausal symptoms
[2]. The use of SERMS in osteoporosis treatment has been limited
by the absence of efficacy against non-vertebral fractures. Only one
SERM (lasofoxifene) demonstrated significant reduction of non-
vertebral fractures, but was not approved for clinical use.

In this short review. I will try to summarize the pertinent
information pertaining to the use of HRT, or Menopausal Hormone
Therapy (MHT) as it is more appropriately called now, and SERMS
in the treatment of osteoporosis. In certain countries tibolone (1,25-
2,5 mg/day) is an option. It is a compound, which binds to all 3 sex-
hormone receptors. In younger postmenopausal women it preserves
bone mass and increases sexual wellbeing and libido. Its use in older
women is not recommended, however, after a 2-fold increase in stroke
risk was seen, and caused discontinuation of the large scale LIFT study
(4538 women aged 60-85) in 2006 [3]. I will therefore not consider
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Tibolone as an option for long term treatment of osteoporosis in the
following.

Effects of Hormone Replacement Therapy (HRT, MHT) on
Bone

Hormone replacement therapy (menopausal hormone therapy
denotes the use of estrogen either alone or in combination with
a progestogen to alleviate menopausal symptoms. Estrogen
monotherapy can only be given to women, who have undergone
hysterectomy. Estrogen has to be combined with a progestogen in
non-hysterectomized women, in order to avoid excessive endometrial
proliferation, which may cause menstrual bleedings and increased risk
of endometrial cancer.

Mechanism of Action

Estrogen has specific effects on bone remodeling promoted mainly
via binding to the Estrogen Receptor a (ERa) demonstrated in both
osteoblasts, osteocytes and osteoclasts [4,5]. Binding of 17-B-estradiol
to ERa in osteoblasts and osteocytes results in reduced levels of the
central regulator of osteoclast differentiation Rank Ligand (RANKL)
and increased levels of the endogenous inhibitor of RANKIL,
Osteoprotegerin (OPG). Other estrogen effects are reduced levels of
osteoclast stimulating proinflammatory cytokines resulting in lower
osteoclast numbers and reduced remodeling activity [6]. Estrogen
exerts positive effects on osteocytes and osteoblasts by preserving
mechano-sensing osteocytes in bone and increasing osteoblast life
span and activity [6]. At the tissue level these effects result in lowering
of bone turnover by 50-70% and preservation of the balance between
resorption and bone formation [7]. Khastgir et al., corroborated these
results and demonstrated a significant increase in trabecular bone
structural units (wall thickness) pointing towards a possible osteoblast
stimulatory, osteoanabolic, effect [8]. This is probably why estrogen
supplementation after menopause reverses bone loss to a gain in bone
mass over time. Such effects on tissue level bone balance have not been
demonstrated for nitrogen containing bisphosphonates; the most
widely used anti-osteoporotic agents.

SERMS bind to both estrogen receptors (ERaand ER), and
also exerts differential effects at estrogen receptor response elements
in the nucleus [9,10]. The effects at the tissue level of are less than
estrogen in terms of suppression of bone turnover and no data are
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available on bone balance [11]. This is probably the main reason for
the limited antifracture efficacy of most SERMS showing significant
reduction of vertebral fractures only in clinical trials, lasofoxifene
being the exception with non-vertebral antifracture efficacy. Looking
at combined results obtained with HRT, SERMS and bisphosphonates,
it seems that bone turnover reduction has to exceed 50% in order to
achieve reduction of non-vertebral fractures [11-13].

Effects of MHT on Bone

The positive effects of MHT on bone mineral density in
postmenopausal women, who otherwise exhibit accelerated bone loss
has been documented in numerous studies since the early studies of
Lindsay et al. [14]. In early postmenopausal women Increases hover
around 2% at the spine and 1% at the hip after 2 years [14-16]. Studies
employing longer treatment periods report 6-9% increases at the
spine and 4-6% at the hip [17]. A single study analyzing BMD changes
after 16 years of treatment with estrogen implants reported 20-25%
increases in BMD [18]. The data also clearly show dose dependency
[19], a feature which should be considered when contemplating dose
reductions in older women as proposed in some guidelines. The WHI
study provided the first evidence of significant antifracture efficacy
in a randomized controlled study, with 34% reduction of hip and
vertebral fractures and 23% reduction of other fractures [1]. These
effects are mediated mainly via a reduction of bone turnover, equal
to what is seen for other antiresorptive drugs like bisphosphonates
and denosumab, but the effects on bone balance may also play a role.
Based on bone markers the average reduction of bone turnover hovers
around 50-70% [16], which is a reduction with demonstrable effects
on non-vertebral fractures as shown in WHI. It is generally less than
shown for bisphosphonates and denosumab, which achieve 70-80%
and > 90% reduction of bone turnover, respectively [16,20,21].

Long Term Effects of MHT on Bone

As mentioned above the few long-term studies available suggest
pronounced improvements in BMD at the order of 10-25% with
treatment periods of 10-16 years. This is in keeping with my personal
experience with BMD assessments in older women who continued
MHT until the age of 70, who virtually all show values in the upper
range of normal in spine and hip. Middelton and Steele [17] analyzed
BMD prospectively in a reasonably large cohort of women on placebo,
treated with HRT for 2 years. and HRT for 9 years. They found that just
2 years of treatment prevented the bone loss seen in the placebo group.
Women treated for 9 years exhibited a continuous increase in BMD
at both spine and hip ending up at levels 8 and 2, 6% over baseline.
Bagger et al. [22] analyzed fractures in women 5, 10 and 15 years after
short term MHT (2-3 years) and found a persistent 40-60% reduction
of all osteoporotic fractures 15 years later. Similar analyses of the WHI
cohort also demonstrated preserved antifracture efficacy in women
given CEE only 5 years after discontinuation. No such reduction was
seen for the CEE+MPA group [23]. This continuous increase is of
interest, because it points towards a continued improvement over time
and is in keeping with the demonstration of improved bone formation
and reduced bone resorption demonstrated in the histological studies
outlined above (Figure 1).

Integr Gyn Obstet ], Volume 4(1): 2-5, 2021

A=-52 pum

Placebo v
Ac.F. 0,43 yr-1
HRT
Ac.F. 0,37 yr-1
100

Figure 1: Reconstructed bone remodeling sequences in early postmenopausal women
treated with MHT or placebo for 2 years. Bone resorption is shown on the left and the bone
formation sequence on the right. One remodeling cycle lasts around 200 days. Note the
development of a negative balance between resorption and formation in untreated women
and the preservation of bone balance in women on MHT. Also note the reduction of the
activation frequency (Ac.F), which is a histomorphometric measure of bone turnover.
From Eriksen et al. ] Bone Miner Res, 14(7), 1217-1221, with permission.
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Clinical Effects of SERMS on Bone

SERMS (raloxifene, arzoxifene, lasofoxifene, basedoxifene)
achieve less reduction of bone turnover hovering around 15-50% and
in line with this lesser effect on bone turnover, BMD increases are also
lower than those reported for MHT around 1-2,9% after 2-3 years
[24-27]. All 4 SERMS reduce vertebral fractures by 30% (raloxifene
60 mg), 41% (arzoxifene 20 mg), 42% (lasofoxifene 0,5 mg) and 42%
(basedoxifene 20 mg). The effects on nonvertebral fractures were,
how ever, only significant for lasofoxifene 0,5 mg (RRR 24%; p=0,02),
Basedoxifene reported significant reduction (50%) of nonvertebral
fractures was demonstrable in a post hoc high-risk group (p=0,02)
(Figure 2).

Safety
MHT

The initial conclusions from the WHI study emphasized an
unfavorable risk/benefit ratio, mainly focusing on an increased risk
of breast cancer, stroke and thromboembolism. The reduced risk of
colon cancer, diabetes and reduced cancer and all-cause mortality also
emerging from WHI [1], are rarely mentioned.
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Figure 2: BMD over time in women treated with MHT for 2 years (short term HRT) and 9
years (long term HRT), compared to untreated women (No HRT). From Middleton ET &
Steel SA Climacteric 2007; 10:257-263 with permission.
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Later studies showed that the increased risk of breast cancer was
mainly attributable to the progestogen component administered with
estrogen to women with an intact uterus, as hysterectomized women
given estrogen only did not display increased risk [28,29]. Moreover,
the statistical analysis of the breast cancer risk in WHI has been called
into question [28]. Finally, the discrepancy between WHI data and
e.g. the DOPS data with respect to breast cancer risk (see below) may
be partly due to estrogens used (13 different estrogen compounds in
CEE used in WHI vs. 17p-estradiol used in DOPS) as well as a much
different age profile.

The increased CV risk also depends on the woman s age at initiation
of therapy, with women below the age of 60 when starting MHT
actually exhibiting protection against CV events, the so called “timing
hypothesis” [29-31]. This notion is supported by a recent Cochrane
analysis. It found that those who started hormone therapy less than 10
years after menopause exhibited 30% lower mortality and 48% reduction
of coronary heart disease. The risk of venous thromboembolism was still
increased by a factor 1,7 in estrogen treated subjects, but no detectable
increase in stroke risk was demonstrable. Also worth noting, was the
finding, that MHT initiation more than 10 years after menopause had
little effect on risk of death or coronary heart disease, while risk of stroke
and DVT were still increased by a factor 1,2 and 2,0 respectively. The
findings of this Cochrane analysis are also of interest in light of the
results obtained in the Danish DOPS study. In this study 1000 women,
all below the age of 60, were randomized to either placebo of oral MHT.
After 10 years, the study was stopped due to the findings of the WHI
study, but women staying on HRT and placebo were still followed via
health registers. After 10 years women on HRT showed a 52% lower
risk of CV disease and CV death, and this risk reduction was preserved
over 18 years in women staying on MHT. Breast cancer risk in hormone
users was not increased in this study. Risk of thromboembolism was not
increased significantly. The reanalysis of the mortality date emerging
from WHI by Manson et al. [29] revealed that the Hazard ratio for all-
cause mortality was 0.61 (95% CI, 0.43-0.87) during the intervention
phase in WHI and 0.87 (95% CI, 0.76-1.00) during the cumulative 18-
year follow-up after the trial.

Transdermal administration of estradiol has not been associated
with increased risk of thromboembolism [32,33]. Micronized
progesterone seems to reduce the risk of DVT, and has not been
associated with increased breast cancer risk [33]. Medroxyprogesterone
Acetate (MPA) has been associated with increased risk of both breast
cancer and venous thrombosis.

Serms

Except for lasofoxifene, all SERMS have been associated with
increased risk (RR 1,4-2,7) of venous thromboembolism [9,34-36]. This
has to be weighed against significant reductions in risk of breast cancer
(RR 0,19-0,44) demonstrated for raloxifene, arzoxifene and lasofoxifene
[9,34-36]. Raloxifene increased risk of fatal stroke by 44% [37], but this
has not been with other SERMS. Lasofoxifene has the ideal profile of a
SERM. At a dose of 0.5 mg per day it reduced risks of nonvertebral and
vertebral fractures, ER-positive breast cancer, coronary heart disease,
but further development was stopped due to increased mortality in
subjects treated with the lower dose of 0,25 mg [34].
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Conclusions

The WHI data still form the basis for most safety considerations
pertaining to MHT, and if you are a evidence based medicine purist,
this will remain the case, until another well conducted similar sized
randomized trial is published. However, with the price tag linked to
such trials, this will probably not happen in the near future. We are
therefore left with the sub-analyses emerging from WHI and other
randomized trials like the Danish DOPS study, showing a much
different safety profile. The interpretation depends on the relative
weight one places on the different adverse effects, but to use WHI as
the only basis for guidelines can certainly be discussed as emphasized
by Langer et al. [28]. To me the long-term CV protection is crucial and
outweighs other potential safety issues. Moreover, the thromboembolic
risk seen with oral hormone administration seems to be absent with
transdermal administration. The learning’s from the trials available
can therefore in my view be summarized as follows:

o MHT should be started in early menopause and not after the
age of 60.

o MHT should preferably be given by the transdermal route, as
it reduces risk of thromboembolism.

« Micronized progesterone is preferable to progestogen, but if
the latter is used systemic exposure should be minimized (e.g.

administration via intrauterine device).

o If started before the age of 60, MHT reduces CV risk by 50%,
and it can be continued beyond the age of 60 with continued
CV protection.

e« MHT is also associated with reduced risk of diabetes and

colon cancer.

o The data on breast cancer risk associated with MHT are
equivocal, and seem to depend on estrogen and progestogen
used.

o MHT initiated before the age of 60 is associated with reduced
all-cause mortality.

o It should not be forgotten, that MHT will also improve
general quality of life for most women by reducing hot flushes,
improving sleep and sex life by improving libido and vaginal
dryness.

e MHT remains contraindicated in women with active or
previous breast cancer. Also, women with hormone sensitive
migraine also may encounter worsening of headaches.

In my view MHT therefore constitutes an effective and safe anti-
osteoporotic medication for younger women with low bone mass at
menopause with additional positive effects on health:

e MHT reduces risks of both vertebral and non-vertebral
fractures.

« MHT is associated with a long-term continuous increase in
bone mass, resulting in values in the upper normal range of
normal after 10-15 years in most long-term users.
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o Even short-term use of MHT prevents accelerated bone loss
in early menopause, and improves bone status in the long
run, despite postmenopausal bone loss rates ensuing after
discontinuation.

o MHT has not been associated with very rare side effects like
osteonecrosis of the jaw and atypical femoral fractures seen in
long term users of bisphosphonates and denosumab.

o In women with prevalent fractures, I would still prefer
bisphosphonates possibly in combination with MHT, and
in more severe cases (multiple vertebral fractures, severe
compression fractures (>40% compression, BMD T-score
< -4,0 or treatment failure on antiresorptive therapy)
osteoanabolic therapies like teriparatide or romosozumab are
more effective.

The role of SERMS in the treatment of osteoporosis is in my view
limited, due to the absence efficacy against non-vertebral fractures,
which constitutes the vast majority of all clinical fracrtures. They
remain, however, an option for women at high risk of breast cancer.
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