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SUMMARY

More recently, osteoporosis in men has been recognized as an important public health
problem. Bone loss begins in mid life and is associated with the decline of the sex steroids
production. Although there is no equivalent of the menopause, gonadal function in men is
affected in a slow progressive way leading to hypogonadism. Testosterone, the major
androgen in men, exerts its effect on bone by local conversion to Sa-dihydrotestosterone or
by aromatization to estrogens. Several studies have found that estrogen, rather than
testosterone, levels are more closely correlated with BMD in elderly men. Selective estrogen
receptor modulator (SERM) raloxifene binds to estrogen receptors and exhibit estrogenic
effect in bone, but, contrary to estrogen, without feminizing effect. There are limited numbers
of studies investigating the effects of SERMs in males. Animal studies demonstrated that
SERMs inhibit bone turnover and prevent bone loss in orchidectomised adult male rats.
Raloxifene has been shown to increase bone mineral density of the hip in men receiving
androgen deprivation therapy for prostate cancer. Moreover, experimental data demonstrated
dramatic increase in cell death in human prostate cancer cell lines after the treatment with
raloxifene. All these observations suggest that SERMs may be useful for the prevention and
treatment of osteoporosis not only in postmenopausal women but also in elderly men.
However, our hypothesis should be tested in a proper designed clinical trial. Several important
issues have to be addressed. Does the same drug dose that has been shown to be effective in
postmenopausal women should be used in men, too? Does treatment with SERMs reduce the
fracture risk in men and is it comparable to that observed in women? Does treatment with
SERMs have any beneficial effect on cardiovascular system and prostate cancer? And finally,
do men experience adverse events other than women treated with SERMs? Answering to
these questions will have great impact in getting the decision of possible SERMs usage in the

treatment of osteoporosis in elderly males.



More recently, osteoporosis in men has been recognized as an important public health
problem, despite the fact that osteoporosis is more common in women. One-third of all hip
fractures occurred in men and mortality after hip fractures is greater in men than women (1).
The lifetime risk of hip fracture in men has been estimated to 6% (2).

Bone loss begins in mid life in both women and men and is associated with the decline
of the production of sex steroids. Although there is no equivalent of the menopause with its
related increase of bone turnover and accelerated bone loss, gonadal function in men is
affected in a slow progressive way leading to hypogonadism known as andropause or more
appropriately, androgen decline in aging male (ADAM). There is an age-related decline in
serum testosterone and increase in sex hormone binding globulin (SHBG) which leads to
further marked reduction of bioavailable testosterone. When the diagnosis is based on the
measurement of bioavailable testosterone, 70% of men over the age of 60 were found to be
hypogonadal (3).

Testosterone, the major androgen in men, exerts its effect on bone by local conversion
to Sa-dihydrotestosterone, which has a high affinity for androgen receptors on osteoblasts and
osteoclasts. On the other hand, androgens could be aromatized to estrogens, raising the
possibility that some of skeletal effects of testosterone may be mediated by aromatisation to
estradiol. Indeed, report of osteoporosis in men with aromatase gene (4) or estrogen receptor
gene (5) mutations confirm this concept. Moreover, several studies have found that estrogen,
rather than testosterone, levels are more closely correlated with BMD in elderly men (6, 7).

Selective estrogen receptor modulators (SERMs) bind to estrogen receptors and
produce 3-D conformational changes resulting in differential gene expression. Via binding the
ER-a and ER-P receptors which both are expressed in human osteoclasts and osteoblasts,
SERMs exhibit estrogenic effect in bone, but, contrary to estrogen, without feminizing effect.
SERM raloxifene has been approved for the prevention and treatment of osteoporosis in
postmenopausal women.

There are limited numbers of studies investigating the effects of SERMs in males.
Animal studies demonstrated that lasofoxifene inhibit bone turnover and prevent bone loss in
orchidectomised adult male rats (8). Another SERM, raloxifene, has been shown to increase
bone mineral density of the hip in men receiving androgen deprivation therapy for prostate
cancer (9). The changes in bone mineral density in these patients were comparable with the

increases in bone mineral density in postmenopausal women treated with raloxifene (10).



Moreover, it seems that the mechanism of raloxifene induced changes in bone mineral density
is similar in men and women. In addition, experimental data demonstrated dramatic increase
in cell death in human prostate cancer cell lines after the treatment with raloxifene (11).

All these observations suggest that SERMs may be useful for the prevention and
treatment of osteoporosis not only in postmenopausal women but also in elderly men.
However, our hypothesis should be tested in a proper designed clinical trial. Several important
issues have to be addressed. Does the same drug dose that has been shown to be effective in
postmenopausal women should be used in men, too? Does treatment with SERMs reduce the
fracture risk in men and is it comparable to that observed in women? Does treatment with
SERMs have any beneficial effect on cardiovascular system and prostate cancer? And finally,
do men experience adverse events other than women treated with SERMs? Answering to
these questions will have great impact in getting the decision of possible SERMs usage in the

treatment of osteoporosis in elderly males.

References:

1. Seeman E. The structural basis of bone fragility in men. Bone 1999;25:143-147.

2. Melton LJ III, Kan SH, Wahner HW, Riggs BI. Lifetime fracture risk: an approach to
hip fracture risk assessment based on bone mineral and age. J Clin Epidemiol
1988:;41:985-994.

3. Morley JE, Charlton E, Patrick P, et al. Validation of a screening questionnaire for
androgen deficiency in aging males. Metabolism 2000;49:1239-1242.

4. Carani C, Qin K, Simoni M, et al. Effect of testosterone and estradiol in a man with
aromatase deficiency. N Engl J Med 1997;337:91-95.

5. Smith EP, Boyd J, Frank GR, et al. Estrogen resistance caused by mutation in the
estrogen-receptor gene in a man. N Engl J Med 1994;331:1056-1061.

6. Khosla S, Melton LJ III, Atkinson EJ, O’Fallon WM, Klee GG, Riggs BL.
Relationship of serum sex steroid levels and bone turnover markers with bone mineral
density in men and women: a key role for bioavailable estrogen. J Clin Endocrinol
Metab 1998;83:2266-2274.

7. Slemenda CW, Longcope C, Zhou L, Hui SL, Peacock M, Johnston CC. Sex steroids
and bone mass in older men. J Clin Invest 1997;100:1755-1759.

8. Ke HZ, Qi H, Crawford DT, Chidsey-Frink KL, Simmons HA, Thompson DD.
Lasofoxifene (CP-336, 156), a selective estrogen receptor modulator, prevents bone
loss induced by aging and orchidectomy in the adult rat. Endocrinology
2000;141:1338-1344.

9. Smith MR, Fallon MA, Lee H, Finkelstein JS. Raloxifene to prevent gonadotropin-
releasing hormone agonist-induced bone loss in men with prostate cancer: a
randomized controlled trial. J Clin Endocrinol Metab 2004;89:3841-3846.

10. Delmas PD, Bjarnason NH, Mitlak BH, et al. Effects of raloxifene on bone mineral
density, serum cholesterol concentrations, and uterine endometrium in
postmenopausal women. N Engl J Med 1997;337:1641-1647.



11. Kim IY, Kim BC, Seong DH, et al. Raloxifene, a mixed estrogen agonist/antagonist,
induces apoptosis in androgen independent human prostate cancer cell lines. Cancer
Research 2002;62:5365-5369.



