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Tamoxifen, which is used for treating breast cancer, exhibits estrogenic and antiestrogenic characteristics, depending on the tissue. In the
human breast it acts as an antiestrogen, whereas estrogenic effects have been reported on endometrium and bone. The purpose of this
study was to determine whether tamoxifen (TAM) prevents bone loss in elderly, postmenopausal women. Bone mineral density of the
lumbar spine (SBD) was measured in elderly women (at least 10 years after menopause) 5 years after stage I or II breast cancer (n=111).
The results showed that SBD in untreated patients (n=74) was significantly lower (pB0.05) than SBD in patients (n=37) treated with
TAM over 5 years. In a subgroup of patients (n=24) with positive estrogen receptor status, changes in SBD 12 months after
discontinuation of 5-year TAM therapy were measured and compared with the changes of extended TAM treatment over a sixth year.
Twelve months after withdrawal of 5-year TAM medication (n=11) bone density decreased significantly (−4.892.5%; p\0.05),
whereas in the group of women (n=13) receiving extended TAM medication (20 mg) for an additional 12 months, SBD (+1.993.5 %)
was maintained during the observation period, and was significantly higher when compared with the group of untreated patients
(pB0.05). We conclude that tamoxifen has a preventive effect on trabecular bone loss at the lumbar spine, when compared to
age-matched data and to untreated women with breast cancer in the late menopause. Our data give evidence of benefits to bone density
provided by prolonged administration in patients after breast cancer and at risk of osteoporosis.
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ORIGINAL ARTICLE

Tamoxifen is widely used after surgery in the treatment of
primary breast cancer. The chemotherapeutic effect of the
estrogen antagonist in postmenopausal women with ad-
vanced estrogen receptor-positive cancer of the breast is
well-documented, showing a significant reduction in the
incidence of contralateral breast cancer (1, 2). As pro-
longed therapy is required for breast cancer treatment or
prevention, the long-term effects of TAM require further
investigation. TAM exhibits estrogenic and antiestrogenic
characteristics, depending on the tissue. In the human
breast it acts as an antiestrogen, whereas estrogenic effects
have been reported on the endometrium. If tamoxifen
exerts antiestrogenic effects on bone, women receiving
long-term treatment may be at a greater risk of os-
teoporotic fracture (3). On the other hand, there is a
partial estrogenic function of estrogen agonists/antago-
nists, such as TAM, so that an estrogen-like osteogenic
action in women in the late menopause could be expected.

A number of clinical investigations (4–11) sought to
define the effect of TAM on bone metabolism in pre- and
postmenopausal women after breast cancer. However, the
effects of TAM on bone have not been adequately evalu-

ated in women in the late menopause. It is generally
accepted that treatment with TAM should be stopped after
5 years of adjuvant therapy on the recurrence of the
disease (12, 13). In those patients the question arises,
irrespective of the age-dependent fracture risk per se in
elderly patients, whether the discontinuation of TAM with
a partial estrogenic action on bone in the late menopause
causes increased bone resorption and, consequently, bone
loss. In this case, TAM therapy should be maintained in
patients with breast cancer and osteoporosis or at risk of
osteoporosis. To answer this question, at least in part, and
to determine whether tamoxifen preserves bone loss in
elderly, postmenopausal women with breast cancer, we
performed measurements of trabecular bone mineral den-
sity of the lumbar spine (SBD) with quantitative computed
tomography after 5 years of adjuvant therapy with TAM
and after discontinuation of TAM therapy.

MATERIAL AND METHODS

Two studies were conducted: 1) evaluations of spinal bone
density (SBD) measurements in a large cross-sectional
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population of untreated (estrogen receptor-negative) and
tamoxifen-treated (estrogen receptor-positive) age-matched
females 5 years after breast cancer stage I or II, and 2)
evaluations of SBD measurements in a longitudinal follow-
up of a smaller subset of females, treated with TAM for 5
years, 12 months after withdrawal of TAM.

Cross-sectional population

In this retrospective study, cross-sectional assessment was
made from the records of 111 patients after stage I or II
breast cancer referred for osteoporosis evaluation after 5
years of adjuvant therapy with tamoxifen. In all women, a
breast-conserving therapy with lumpectomy or quadran-
tectomy, lymphadenectomy of the axilla and consecutive
adjuvant radiotherapy (50 Gy on the remaining breast
tissue with tangential fields) were performed. Roentgeno-
grams of the lateral spine were taken to exclude females
with osteoporotic spine deformities (anterior, central or
total collapse of at least 20% of the vertebral height).
Skeletal scintigram, routine blood and urinary analyses
were obtained in all patients to rule out progressiveness of
the disease or other metabolic bone disease. None of the
patients had been treated with specific osteogenic therapy
(e.g. calcitonin, bisphosphonates, fluoride, calcitriol, estro-
gens, anabolics). We further divided the females in two
groups:

(I) Estrogen receptor-negative patients (n=74; mean age:
6798 years) and therefore not treated with TAM; 20
out of 74 were lymph node positive and were treated
with adjuvant chemotherapy (CMF).

(II) Estrogen receptor-positive patients (n=37, mean age
6897 years) treated with TAM 20 mg/d.

Longitudinal follow-up

In a subgroup of 24 out of the 37 estrogen receptor-posi-
tive patients (mean age: 6897 years), a second measure-
ment of spinal bone density was performed 12 months
later (year 6). Group 1 (n=13) remained on TAM (20
mg/d) treatment over the observation period, but in Group
2 (n=11) TAM was withdrawn after 5 years. The patients
received 500 mg of elementary calcium for the next 12
months and served as a control group.

Bone density measurements

Trabecular bone density in the lumbar spine was measured
in milligrams per cc, using a mineral reference for calibra-
tion by quantitative computed tomography (QCT) with
the single energy technique (120 kVp) of L1 to L4. The
coefficient of variation of our method was less than 5%.

Statistical analysis

Results are given as the mean9SD, cross-sectional data
are expressed as Z-score (i.e. number of standard devia-
tions below or above age- and sex-adjusted mean values

Table 1

Subject characteristics of 111 elderly postmenopausal women after
stage I or II breast cancer

TAM Without TAMCharacteristics
(n=74)(n=37)

6798 6897Age (years)
1595 16.295.5Years since

menopause
26.495.2BMI (kg/m2)* 25.994.9

* Body mass index

established in a large cohort of normal adults). Data were
analyzed by analysis of variance, Students’s t-test, and
regression analysis using CSS, a commercial statistical
computer program (StatSoft); pB0.05 was required for
statistical significance.

RESULTS

Cross-sectional population

All patients treated with tamoxifen and without TAM
were well balanced in terms of age, menopausal status and
body weight (see Table 1).

Bone density in 111 patients with stage I or II breast
cancer 5 years after mastectomy was 84.2920.1 mg/cc,
corresponding to a Z-score of −1.390.8. When os-
teoporosis was defined by a QCT value below our estab-
lished densitometric fracture threshold value of 100 mg/cc
(14), 82 out of 111 patients (75%) could be classified as
osteoporotic, regardless of whether they were treated with
TAM or not. Twenty-nine women were considered not to
suffer from osteoporosis, but those without osteoporosis
were statistically significantly younger women. Calculating
the data of bone mineral density (BMD) measurements as
the number of standard deviations below or above an age-
and sex-matched mean value (Z-score, as shown in Fig. 1),

Fig. 1. Spinal bone density (SBD) as the number of standard
deviations below or above an age and sex-matched mean value
(Z-score) in elderly postmenopausal women after breast car-
cinoma treated over 5 years with 20 mg TAM and untreated
(n=74) (right) (pB0.05).
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Fig. 2. Percentage changes of SBD 12 months after discontinua-
tion of 5-year TAM therapy (n=11) (right) compared with the
group of women (n=13) (left) receiving extended TAM medica-
tion (20 mg) for an additional 12 months.

months after withdrawal our effects of TAM are similar to
accelerated bone turnover observed after discontinuation
of hormone replacement therapy (10, 11). Although it has
been reported that antiestrogens, such as tamoxifen, in-
duce bone mineral loss, resulting in an increased suscepti-
bility to fractures, evidence from animal studies suggests
that TAM has a partial estrogen-agonist activity on the
skeleton and actually assists in maintaining BMD (16, 17).
From preclinical data we know that osteoclast apoptosis is
not only promoted by 17b-estradiol but also by TAM and
by transforming growth factor (TGF-b). It has been
shown that both estrogen and TAM increase the produc-
tion of the cytokine by osteoblasts (18). Antibodies to
TGF-b inhibited the apoptotic effects of both estrogens
and TAM as well as those of TGF-b itself, suggesting that
TGF-b was mediating the apoptotic effects of those sub-
stances. However, the effects of TAM are complex and
vary according to the species and tissue being studied.
TAM is estrogenic in the mouse (19) and antiestrogenic in
the chicken (20); it has mixed effects in the rat (21–23). In
studies performed on rat skeletal tissue in vitro, TAM acts
as an estrogen agonist and suppresses parathyroid hor-
mone-mediated bone resorption. In the ovarectomized rat
in vivo TAM inhibits the resorption of bone (24), notably
at trabecular sites, and preserves bone mass as measured
by femur ash density (16). In view of these considerations,
a number of studies have sought to address the effects of
TAM on BMD in humans. In this context, it was found
that women treated over 5 years with tamoxifen daily had
increased BMD, compared with those treated over 2 years,
but the differences were not statistically significant. Our
results confirm those of other studies which failed to show
any reduction in BMD with adjuvant tamoxifen (4, 25). A
large randomized double-blind prospective study showed
that 2 years of TAM caused an increase in lumbar BMD,
whereas a decrease of 1% per year was seen in the controls
(7). In contrast to our study population, the subjects were
heterogeneous with up to 27% of TAM-treated women
being premenopausal at the commencement of therapy,
and 80% of women having been in the menopause for
more than 4 years. Furthermore, the biochemical changes
in bone turnover parameters are indicative of an estrogen-
like effect of tamoxifen on bone remodeling. A rise in
serum osteocalcin and urinary hydroxyproline occurs fol-
lowing the menopause (26–29), reflecting an increased
level of bone remodeling. Love (7) observed a decrease in
osteocalcin levels after 1 year of TAM therapy that was
maintained for a further 12 months. Ward et al. (11) found
a similar decline in osteocalcin levels evident after 6
months of therapy. Moreover, the data describe a signifi-
cant fall in urinary hydroxyproline markers of bone re-
sorption that was also evident after 6 months. These data
are again consistent with an effect of TAM on bone
remodeling in postmenopausal women, similar to that
observed with oral estrogen. In a histologic study per-

SBD in untreated patients (n=74) was significantly lower
than SBD in patients (n=37) treated with TAM over 5
years (−1.590.7 vs. −0.890.7; pB0.05).

Longitudinal follow-up

In the subgroup of 24 elderly, postmenopausal women
showing estrogen receptor-positive tissue and stage I or II
breast carcinoma, a second BMD measurement was per-
formed after 12 months. In Group I with extended TAM
therapy (20 mg tamoxifen daily) over a sixth year, trabecu-
lar bone density at the lumbar spine was maintained,
showing a rate of change in bone density of 1.993.5%
(N.S.). In Group II (withdrawal of TAM and continuing
with 500 mg CA daily over the sixth year), statistically
significant bone loss of −4.892.5% (p\0.05) could be
observed. After 12 months there was also a statistically
significant difference in lumbar bone density between the
two groups (Fig. 2).

DISCUSSION

Our results present evidence to show that TAM preserves
bone loss in elderly, late-postmenopausal women showing
estrogen receptor-positive tissue. Trabecular bone density
was significantly higher at the lumbar spine in the females
treated with tamoxifen, compared with age-matched un-
treated patients. Bone loss could be observed when mea-
surements of SBD were performed 12 months after the
withdrawal of 5-year TAM medication, whereas bone den-
sity could be maintained by prolonged TAM administra-
tion during the additional 12-month observation period.
The results are similar to those found for estrogen action
on bone mineral density, and are consistent with an estro-
gen-like effect of TAM. Furthermore, our data confirm
previous studies in elderly women in the late menopause,
which have examined the effects of TAM in healthy
women and women with breast cancer (7–10, 15). Twelve
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formed by Wright et al. (6) it has been shown that
long-term TAM treatment does not adversely affect bone
turnover in women with breast cancer. The preservation of
the normal trabecular bone area is consistent with most
densitometric data, which indicate either neutral or estro-
genic effects of TAM on bone.

In conclusion our results show that long-term tamoxifen
treatment preserves trabecular bone density at the lumbar
spine in patients in the late menopause after breast car-
cinoma. The effects on bone density may be attributed to
a partial estrogen-like effect of tamoxifen on bone in
elderly women. Further prospective long-term studies are
expected to show whether the administration of TAM in
elderly women with breast carcinoma is able to prevent
osteoporotic fractures of the spine and thus the morbidity
associated with these events.
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