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GnRH agonists decrease bone mineral density and increase
fracture risk in men with prostate cancer. Raloxifene in-
creases bone mineral density in postmenopausal women, but
its efficacy in hypogonadal men is not known. In a 12-month
open-label study, men with nonmetastatic prostate cancer
(n � 48) who were receiving a GnRH agonist were assigned
randomly to raloxifene (60 mg/d) or no raloxifene. Bone min-
eral densities of the posteroanterior lumbar spine and prox-
imal femur were measured by dual energy x-ray absorptiom-
etry. Mean (�SE) bone mineral density of the posteroanterior
lumbar spine increased by 1.0 � 0.9% in men treated with

raloxifene and decreased by 1.0 � 0.6% in men who did not
receive raloxifene (P � 0.07). Bone mineral density of the total
hip increased by 1.1 � 0.4% in men treated with raloxifene and
decreased by 2.6 � 0.7% in men who did not receive raloxifene
(P < 0.001). Similar between-group differences were observed
in the femoral neck (P � 0.06) and trochanter (P < 0.001). In
men receiving a GnRH agonist, raloxifene significantly in-
creases bone mineral density of the hip and tends to increase
bone mineral density of the spine. (J Clin Endocrinol Metab 89:
3841–3846, 2004)

ANDROGEN DEPRIVATION THERAPY by either bi-
lateral orchiectomies or chronic administration of a

GnRH agonist is the cornerstone of treatment for metastatic
prostate cancer. Additionally, GnRH agonists are often ad-
ministered to men with recurrent or locally advanced non-
metastatic prostate cancer. In 1994, the total Medicare ex-
penditure for treatment of prostate cancer was $1.4 billion,
and greater than one third of that amount was spent for GnRH
agonists (http://www.ahrq.gov/clinic/prossumm.htm).

Osteoporosis is an important complication of GnRH ag-
onist treatment in men with prostate cancer. GnRH agonists
decrease bone mineral density (1–4) and increase fracture
risk (5–8).

Estrogens play an important role in skeletal homeostasis
in normal men. Estrogen receptors are expressed in osteo-
blasts and osteoclasts (9–11). In older men, serum estradiol
levels are positively associated with spinal bone mineral
density and negatively associated with vertebral fracture risk
(12–14). Estrogens contribute to the regulation of both bone
formation and bone resorption in men (15, 16).

Raloxifene is a selective estrogen receptor modulator that
mimics the effects of estrogens in bone without stimulatory
effects in most other tissues (17). Raloxifene prevents early
postmenopausal bone loss in women and reduces the rate of
vertebral fractures in women with postmenopausal osteo-
porosis (18, 19). Less is known about the efficacy of raloxifene
in men.

In this study, we evaluated the effects of raloxifene on bone
mineral density in men receiving a GnRH agonist for non-
metastatic prostate cancer.

Subjects and Methods
Study subjects

Study participants were recruited at Massachusetts General Hospital
(Boston, MA) between February 2000 and February 2002. All subjects
were receiving treatment with a GnRH agonist for prostate cancer for 6
months or more at study entry. Subjects had a radionuclide bone scan
within 6 months of initiating GnRH agonist treatment or 6 months before
study entry. Men with bone metastases or evidence of progressive dis-
ease (serum prostate-specific antigen �150% nadir value) were ex-
cluded. Men with metabolic bone disease, history of treatment for os-
teoporosis, history of deep venous thrombosis or pulmonary embolus,
serum calcium less than 8.4 or more than 10.6 mg/dl, or serum creatinine
concentration more than 2.0 mg/dl (177 �mol/liter) were also excluded.

Study design

After a screening visit, eligible subjects were assigned randomly
using computer-generated cards to receive raloxifene (Evista, Eli Lilly
and Co., Indianapolis, IN; 60 mg by mouth daily) or no raloxifene for 12
months. Subjects were aware of their treatment assignment. Compliance
was assessed with patient diaries. Subjects in both groups continued
treatment with a GnRH agonist. All subjects received calcium carbonate
(500 mg daily) and a daily multivitamin containing 400 IU vitamin D.
There was no required run in period. Study personnel who performed
or analyzed the main study outcomes were blinded to the treatment
assignments.

After randomization, subjects were evaluated at the Mallinckrodt
General Clinical Research Center at Massachusetts General Hospital at
baseline, 6, and 12 months. Serum and urine samples were obtained at
each visit and stored at �80 C. Bone mineral density and body com-
position were measured by DXA at baseline, 6, and 12 months. The
institutional review board of Dana Farber Partners Cancer Care ap-
proved the study. All subjects gave written informed consent.

Study endpoints

The bone mineral density of the posteroanterior lumbar spine and
proximal femur was determined by DXA using a Hologic QDR 4500A
densitometer (Hologic, Inc., Waltham, MA). Lean and fat mass were also
determined by DXA (software version 11.2, Hologic, Inc.).
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Serum concentrations of testosterone (Diagnostic Products, Los An-
geles, CA), estradiol (Nichols Institute, San Juan Capistrano, CA), 25-
hydroxyvitamin D (DiaSorin, Stillwater, MN), PTH (Nichols Institute),
and amino-terminal propeptide of type I collagen (DiaSorin) were mea-
sured by RIAs or immunoradiometric assays. The lower limits of
detection for serum testosterone and estradiol were 6 ng/dl (0.2 nmol/
liter) and 3 pg/ml (11 pmol/liter), respectively. Urinary deoxypyridino-
line (Metra Biosystems, Mountain View, CA) was measured by enzyme
immunoassay. Serum cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, and triglyceride concentrations
were measured by colorimetric enzymatic assays on an automated clin-

ical chemistry analyzer (Roche Diagnostics/Roche Molecular Biochemi-
cals, Indianapolis, IN).

Statistical analyses

The primary study endpoint was the percent change in the bone
mineral density of the posteroanterior lumbar spine from baseline to 12
months. The power calculations for this study assume a 3.0% sd of the
change from baseline (2) and dropout rate of 20%. The sample size of 48
subjects (24 subjects/group) provides 80% power to detect a difference
of at least 2.8% using a two-sided t test (� � 0.05). Percent changes in

FIG. 1. Flow diagram.

TABLE 1. Baseline characteristics

Characteristic Raloxifene (n � 20) No raloxifene (n � 24) Normal range

Age (yr) 72 � 10 68 � 9
Race (%)

Non-Hispanic white 95 100
Non-Hispanic black 5 0

Duration of GnRH agonist treatment (months)
Mean 31 � 24 37 � 41
Median (range) 31 (6–111) 19 (6–138)

Body mass index (kg/m2) 29.8 � 3.6 28.1 � 3.5
Posteroanterior lumbar spine

Bone mineral density (g/cm2) 1.096 � 0.188 1.060 � 0.115
t Score 0.05 � 1.71 �0.21 � 1.02
z Score 0.96 � 1.82 0.72 � 0.97

Total hip
Bone mineral density (g/cm2) 0.999 � 0.161 0.991 � 0.127
t Score �0.30 � 1.04 �0.34 � 0.89
z Score 0.54 � 1.09 0.41 � 0.79

Hemoglobin (g/dl) 13 � 1 13 � 1 13.5–17.5
Testosterone (ng/dl)a 15 � 5 18 � 15 270–1070
Estradiol (pg/ml)b 6 � 4 5 � 5 10–50
SHBG (nmol/liter) 39 � 20 42 � 22 13–71
25-Hydroxyvitamin D (ng/ml)c 25 � 9 31 � 9 15–43
PTH (pg/ml) 35 � 14 39 � 27 10–60
Serum PINP (�g/ml) 46 � 18 59 � 24 21–78
Urinary deoxypyridinoline (nmol BCE/mmol creatinine) 7.3 � 1.7 7.3 � 2.0 2.3–5.4

Plus-minus values are means � SD. PINP, Amino-terminal propeptide of type I collagen; BCE, bone collagen equivalents.
a To convert testosterone from nanograms per deciliter to nanomoles per liter, multiply by 0.0347.
b To convert estradiol from picograms per milliliter to picomoles per liter, multiply by 3.671.
c To convert 25-hydroxyvitamin D from nanograms per milliliter to picomoles per liter, multiply by 2.496.
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bone mineral density, body composition, gonadal steroids, and bio-
chemical markers of bone turnover from baseline to 12 months were
compared between groups using t tests (20). All data were included in
the efficacy analyses, including data from subjects who discontinued
treatment early.

Statistical analyses were performed using SAS version 8.1 (SAS In-
stitute, Inc., Cary, NC). Values are reported as means � se unless spec-
ified otherwise. All P values are two sided, and values less than 0.05 are
considered statistically significant.

Results
Characteristics of the subjects

Forty-eight eligible subjects were recruited between Feb-
ruary 2000 and February 2002. Forty-four subjects completed
the baseline evaluation (Fig. 1). Baseline characteristics of
men assigned to raloxifene and men assigned to no raloxifene
were similar (Table 1).

Forty-one subjects completed study testing (Fig. 1). One
man assigned to raloxifene died from causes unrelated to
prostate cancer or study treatment at month 2. Two men in
the group that did not receive raloxifene treatment withdrew
before completing the study; one man withdrew after he was
diagnosed with lung cancer at month 6, and another man
withdrew after he developed progressive disease at month
7. No other subject experienced disease progression during
the study. All available data were included in the efficacy
analyses, including data from a subject who discontinued
treatment after 6 months due to an adverse event.

Gonadal steroids

Mean serum testosterone levels at baseline were in the
castrate range in both groups (Table 1). Changes in serum
total testosterone, estradiol, and SHBG levels did not differ
significantly between the groups (Fig. 2).

Bone mineral density

The mean (�se) bone mineral density of the posteroan-
terior lumbar spine increased by 1.0 � 0.9% in the men
treated with raloxifene and decreased by 1.0 � 0.6% in the
men who did not receive raloxifene (P � 0.07) (Fig. 3A). The
between-group differences in percent change from baseline
to 12 months was 2.0% (95% confidence interval, �0.2–4.0%).

Mean changes in bone mineral density of the total hip and
trochanter differed significantly between groups. Bone min-
eral density of the total hip increased by 1.1 � 0.4% in the men
treated with raloxifene and decreased by 2.6 � 0.7% in men
who did not receive raloxifene (P � 0.001) (Fig. 3B). Bone
mineral density of the trochanter increased by 1.6 � 0.5% in
the men treated with raloxifene and decreased by 2.4 � 0.8%
in men who did not receive raloxifene (P � 0.001) (Fig. 3C).
Bone mineral density of the femoral neck increased by 0.3 �
0.8% in the men treated with raloxifene and decreased by
1.7 � 0.6% in men who did not receive raloxifene (P � 0.06)
(Fig. 3D). The between-group differences in percent change
from baseline to 12 months were 3.7% (95% confidence in-

FIG. 2. Changes in mean (�SE) serum concentrations of total testosterone, estradiol, and SHBG. P values are for between-group comparisons
of the percentage change from baseline to 12 months.
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terval, 2.0–5.4%) for the total hip, 3.9% (95% confidence in-
terval, 1.9–5.9%) for the trochanter, and 2.0% (95% confi-
dence interval, �0.1–4.0%) for the femoral neck.

In men treated with raloxifene, changes in bone mineral
density of posteroanterior lumbar spine and total hip did not
correlate with either baseline estradiol levels or baseline free
estrogen index (data not shown).

Biochemical markers of bone turnover

Serum concentrations of amino-terminal propeptide of
type I collagen and urinary excretion of deoxypyridinoline
were elevated at baseline (Table 1). Mean serum concentra-
tions of amino-terminal propeptide of type I collagen de-
creased by 20.3 � 9.3% in the men treated with raloxifene and
increased by 13.9 � 11.1% in men who did not receive ralox-
ifene (P � 0.03) (Fig. 4A). Urinary excretion of deoxypyr-
idinoline decreased by 6.4 � 7.8% in the men treated with
raloxifene and increased by 10.3 � 5.4% in men who did not
receive raloxifene (P � 0.10) (Fig. 4B). The between-group
differences in percent change from baseline to 12 months
was 34.2% (95% confidence interval, 4.2–64.2%) for amino-
terminal propeptide of type I collagen and 16.6% (95%
confidence interval, �3.7–37.0%) for urinary excretion of
deoxypyridinoline.

In men treated with raloxifene, changes serum concentra-
tion of amino-terminal propeptide of type I collagen and
urinary excretion of deoxypyridinoline did not correlate with

either baseline estradiol levels or baseline free estrogen index
(data not shown).

Body composition and serum lipoproteins

Mean changes in body mass index, lean mass, fat mass,
and serum lipoproteins did not differ significantly between
groups (Table 2).

Adverse events

One man had a pulmonary embolus after 6 months of
treatment with raloxifene. Subsequent testing revealed no
factors associated with increased thromboembolic risk ex-
cept for an elevated plasma homocysteine level. There were
no other serious treatment-related adverse events.

Discussion

This study demonstrates that raloxifene increases bone
mineral density of the hip and tends to increase bone mineral
density of the spine in men receiving a GnRH agonist for
prostate cancer. To our knowledge, this is the first random-
ized controlled trial to evaluate the effects of raloxifene on
bone mineral density in men. The changes in bone mineral
density observed in our subjects are comparable with the
increases in bone mineral density in postmenopausal women
treated with raloxifene (18). Bone density changes of similar

FIG. 3. Mean (�SE) changes from baseline in bone mineral density. P values are for between-group comparisons of the percentage change from
baseline to 12 months.
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magnitude reduce vertebral fracture risk in postmenopausal
women with osteoporosis (19).

In postmenopausal women, raloxifene decreases markers
of both bone formation and bone resorption (18, 21, 22). In
our study, raloxifene significantly decreased serum concen-
tration of amino-terminal propeptide of type I collagen, a
marker of bone formation. Raloxifene also tended to decrease
urinary excretion of deoxypyridinoline, a marker of bone
resorption. These preliminary observations suggest that
raloxifene increases bone mineral density by similar mech-
anisms in postmenopausal women and severely hypogo-
nadal men.

Tamoxifen increases bone mineral density in postmeno-
pausal women but decreases bone mineral density in pre-
menopausal women (23, 24). Similarly, the effects of ralox-

ifene on bone mineral density in men may depend on
baseline estradiol levels. In our study of severely hypogo-
nadal men (mean serum estradiol, 6 � 1 pg/ml), raloxifene
significantly increased bone mineral density of the hip. In a
study of mildly hypogonadal elderly men (mean serum es-
tradiol, 28 � 2 pg/ml), raloxifene had no significant effect of
biochemical markers of bone turnover (25). Changes in bone
turnover correlated with baseline estradiol levels, however,
suggesting that the efficacy of raloxifene may depend on
estradiol levels (25). Baseline estradiol levels did not predict
changes in bone mineral density or biochemical markers of
bone turnover in our subjects, probably because estradiol
levels were uniformly low.

Most other studies of men receiving treatment with a
GnRH agonist have evaluated the effects of initial therapy.
In contrast, the median duration of prior treatment in our
subjects was more than 2 yr. Bone mineral density decreased
in our control subjects at similar rate to that reported in men
receiving initial GnRH agonist treatment (2). In addition,
baseline levels of urinary deoxypyridinoline in our subjects
were similar to those reported in men during short-term
GnRH agonist treatment (2, 26). These observations suggest
that long-term treatment with a GnRH agonist is associated
with a persistent high bone turnover state and steady decline
in bone mineral density.

In postmenopausal women, raloxifene increases the risk
for venous thromboembolic events by approximately 3-fold
(19). One subject in our study had a pulmonary embolus. In
considering raloxifene for the treatment or prevention of
osteoporosis in men with prostate cancer, the potential re-
duction in fracture risk must be weighed against the in-
creased risk for thromboembolic events.

Bisphosphonates also prevent bone loss in men receiving
GnRH agonist therapy for prostate cancer. In two random-
ized controlled trials, intravenous pamidronate prevented
bone loss in men treated with a GnRH agonist (2, 27). In
another randomized controlled trial, intravenous zoledronic
acid increased bone mineral density in men treated with a
GnRH agonist or bilateral orchiectomies (28). Additional
studies are needed to compare the efficacy and safety of
raloxifene with bisphosphonates in hypogonadal men.

In postmenopausal women, raloxifene significantly de-
creases serum concentrations of total cholesterol and low-
density lipoprotein cholesterol (18). In contrast, raloxifene
did not significantly change serum total cholesterol and low-
density lipoprotein cholesterol concentrations in our se-
verely hypogonadal male subjects. Raloxifene also had no
effect on serum concentrations of total lipid profiles in mildly

FIG. 4. Mean (�SE) changes from baseline in biochemical markers of
bone turnover. P values are for between-group comparisons of the
percentage change from baseline to 12 months.

TABLE 2. Percentage changes in body composition and serum lipoproteins from baseline to 12 months

Outcome Raloxifene No raloxifene Absolute difference between groups
(95% confidence interval) P value

Body mass indexa 0.8 � 0.8 0.5 � 0.9 0.2% (�2.2, 2.7) 0.84
Fat mass 0.7 � 2.1 2.3 � 2.2 1.6% (�4.7, 7.8) 0.62
Lean mass 0.5 � 0.7 �0.9 � 0.6 1.5% (�0.5, 1.3) 0.13
Total cholesterol �4.8 � 3.3 �0.9 � 3.6 3.8% (�6.1, 13.9) 0.44
High-density lipoprotein cholesterol 3.8 � 2.6 0.2 � 4.0 4.0% (�5.8, 13.9) 0.41
Low-density lipoprotein cholesterol �4.8 � 5.1 3.7 � 5.5 8.6% (�6.7, 23.9) 0.26
Triglycerides 3.1 � 8.0 4.7 � 7.5 1.6% (�20.6, 23.8) 0.88

a Calculated as weight in kilograms divided by the square of height in meters.
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hypogonadal men (25). Additional studies are needed to
determine whether selective estrogen receptor modulators
have gender-specific effects on lipoprotein metabolism.

Our study has limitations. Although personnel who per-
formed or analyzed the main outcomes were blinded to
treatment assignments to minimize any potential bias, the
open-label design may have influenced study outcomes
through unintended effects on subject behavior. In addition,
the open-label design may have influenced adverse event
reporting. The study was designed to compare changes in
bone mineral density. Larger studies are required to assess
differences in fracture incidence.

In summary, raloxifene significantly increased bone min-
eral density of the hip and tended to increase bone mineral
density of the spine in men receiving a GnRH agonist for
prostate cancer. Raloxifene may represent a novel therapy to
prevent bone loss in hypogonadal men.
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