
Vol.:(0123456789)1 3

Breast Cancer Research and Treatment (2020) 180:657–663 
https://doi.org/10.1007/s10549-020-05566-w

CLINICAL TRIAL

Changes in bone mineral density during 5 years of adjuvant treatment 
in premenopausal breast cancer patients

Minsung Kim1 · Hanna Kim2 · Sei Hyun Ahn1 · Vafa Tabatabaie3 · Sung Wook Choi4 · Guiyun Sohn1 · Sae Byul Lee1 · 
Beom Seok Ko1 · Il Yong Chung1 · Jisun Kim1 · Jong Won Lee1 · Byung Ho Son1 · Hee Jeong Kim1 

Received: 16 October 2019 / Accepted: 3 February 2020 / Published online: 19 February 2020 
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
Purpose Adjuvant treatment for breast cancer in postmenopausal women is a risk factor for bone loss. However, the asso-
ciation between bone mineral density (BMD) changes in premenopausal breast cancer patients and various adjuvant treat-
ment regimens is not well characterized. In this study, we evaluated the changes in BMD according to adjuvant treatment in 
premenopausal women with breast cancer.
Methods Between 2006 and 2010, BMD data of 910 premenopausal women with breast cancer before operation and 1, 2, 
3.5, and 5 years post-operation were retrospectively analyzed. The patients were divided according to the type of treatment: 
observation (O), tamoxifen (T), chemotherapy (C), C followed by T (C → T), and gonadotropin-releasing hormone (GnRH) 
agonist with T (G + T).
Results After 5 years of follow-up, BMD changes were similar between the T and O groups (all p > 0.05). Within 1 year of 
treatment, the C group showed the most significant BMD loss. The C → T and G + T groups showed more significant BMD 
loss in the lumbar spine and femur than the O and T groups (both p < 0.001, both). After 1 year of treatment, BMD loss in 
the lumbar spine was significantly greater in the C → T and G + T groups than in the T group; this tendency was maintained 
for 5 years of treatment (all p < 0.005).
Conclusion Premenopausal women who received adjuvant treatment which induced menopause showed significant bone loss 
which lasted for 5 years. Although no significant difference was observed between the O and T groups, tamoxifen treatment 
during chemotherapy or GnRH agonist treatment might prevent bone loss.
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Background

Adjuvant chemotherapy and endocrine therapy for breast 
cancer can induce bone loss and cause osteoporosis [1–3]. 
Loss of ovarian function results in bone loss regardless of 
age or etiology. After the onset of menopause, a decrease 
in estrogen levels is associated with bone loss, and early 
menopause is one of the strongest predictors of osteopo-
rosis [4–6]. Chemotherapy in premenopausal breast cancer 
patients causes early menopause within 1 year of therapy ini-
tiation, which leads to rapid bone loss [2, 7]. Gonadotropin-
releasing hormone (GnRH) agonists are efficient suppres-
sors of ovarian function and induce a temporary menopausal 
status. By inhibiting the peripheral aromatization of gonadal 
steroids to estrogen, aromatase inhibitors reduce the circulat-
ing estrogen levels to values lower than those during natural 
menopause, predisposing breast cancer patients to bone loss 
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and increased fracture risk [8, 9]. Tamoxifen treatment over 
a period of 5 years has a positive effect on bone mineral 
density (BMD) in postmenopausal women, but rapid bone 
loss ensues after cessation of treatment [1, 6, 10]. Moreo-
ver, there is evidence that tamoxifen may decrease BMD in 
premenopausal women due to its antagonistic effects on the 
potent activity of endogenous estrogen [6, 11].

Adjuvant chemotherapy followed by tamoxifen is the 
standard treatment for women with intermediate- or high-
risk hormone receptor-positive breast cancer [12], although 
GnRH agonists are widely used owing to similar onco-
logic outcomes with few adverse effects compared to that 
with tamoxifen [13]. A recent study showed the benefits of 
5 years of GnRH agonist treatment after chemotherapy in 
high-risk premenopausal breast cancer patients [14]. Moreo-
ver, tamoxifen treatment for 10 years was shown to confer 
survival benefit when compared to a 5-year course [15]. In 
premenopausal hormone-sensitive breast cancer patients, 
endocrine treatments are administered for long durations 
to ensure complete suppression of estrogen production 
[15]. However, induction of menopause at an early age may 
be associated with deleterious and long-term side effects 
including decreased BMD.

To date, the degree of bone loss after chemotherapy, 
tamoxifen, and GnRH agonist treatment in premenopausal 
women has not been investigated in detail. In this study, 
we examined the changes in BMD according to the type of 
breast cancer treatment in premenopausal patients.

Methods

Patients were selected from the Asan Medical Center data-
base, which is a prospectively maintained web-based sys-
tem that includes information on all patients who under-
went breast cancer operation at the Asan Medical Center. 
The database provided detailed information on breast tumor 
type and treatment. A total of 8219 breast cancer patients 
underwent surgery between 2006 and 2010. We excluded 
metastatic breast cancer patients and included 3689 patients 
with available BMD data for retrospective analysis. Other 
exclusion criteria included postmenopausal status at the time 
of surgery, receipt of neoadjuvant chemotherapy, history 
of hormonal replacement therapy, and history of surgical 
oophorectomy. Finally, 910 premenopausal breast cancer 
patients were included in this study. Premenopausal status 
was defined as ongoing menstruation for 6 months after 
surgery. Bodyweight was classified according to the World 
Health Organization criteria; body mass index (BMI) < 18.5 

and ≥ 25 kg/m2 was considered underweight and overweight, 
respectively.

All patients underwent surgery with modified radical mas-
tectomy or breast-conserving surgery with sentinel lymph node 
biopsy. If malignant cells were detected in the sentinel lymph 
nodes, axillary lymph node dissection was performed. Postop-
erative radiation therapy was performed as indicated, and the 
chemotherapy regimen was chosen by the treating oncologist 
according to established protocols. Hormone receptor-positive 
patients received 5 years of adjuvant tamoxifen therapy start-
ing at 6 months after the start of chemotherapy. In patients 
who received GnRH agonist treatment for 2 years, adjuvant 
tamoxifen therapy was started simultaneously. The patients 
who had stage 0 breast cancer and underwent mastectomy or 
small tumor without hormone receptor expression which was 
not recommend for chemotherapy did not receive systemic 
treatment. Patients were divided into five groups according 
to the systemic treatment regimens after surgery without con-
sidering radiotherapy: observation (O, surgery only), adjuvant 
tamoxifen only (T), adjuvant chemotherapy only (C), adjuvant 
chemotherapy followed by tamoxifen (C → T), and GnRH ago-
nist plus tamoxifen (G + T).

To monitor bone health, BMD was measured before surgery 
and at 1, 2, 3.5, and 5 years after surgery. Patients who were 
diagnosed with osteopenia during follow-up received calcium 
and vitamin D supplements or were educated about lifestyle 
modifications. Patients with osteoporosis were asked to con-
sult with the endocrinology department or were prescribed 
osteoporosis treatment.

BMD was tested by dual-energy X-ray absorptiometry 
(DXA) using a Hologic QDR densitometer (Hologic, Inc., 
Waltham, MA). BMD was measured at the lumbar spine 
(L-spine) and femoral neck, femoral trochanter and Ward’s 
triangle, intertrochanteric area, and total femoral area on the 
right. The L-spine and femur data were analyzed, and the aver-
age T scores were used.

Descriptive statistical analyses were performed for demo-
graphic and clinical characteristics. The changes in BMD 
according to treatment were examined using the χ2 test, and 
an analysis of variance was used to evaluate the differences 
among the treatment groups at 1, 2, 3.5, and 5 years. The 
analysis of covariance (ANCOVA) test was used for compar-
ing the changes in BMD at 1, 2, 3.5, and 5 years. For multiple 
comparisons, the significance level was divided by the number 
of comparisons using the Bonferroni correction. Changes in 
BMD according to age, BMI, and initial T score were calcu-
lated by the same methods. A value of p < 0.05 was considered 
statistically significant. All statistical analyses were performed 
with SPSS version 21.
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Results

Out of 910 premenopausal patients, 58, 130, 69, 346, and 
304 patients were in the O group, T group, C group, C → T 
group, and G + T group, respectively (Table 1). The median 
age was 44.7 years (range 19–55). The baseline BMDs of 
the L-spine and femur were not influenced by age but were 
associated with BMI. Overweight patients had higher base-
line BMDs of the L-spine (p < 0.001) and femur (p < 0.001) 
than underweight patients. At baseline, the C → T and G + T 
groups had higher BMD than the other treatment groups 
(Online Resource 1).

Changes in BMD according to age and BMI

After surgery, BMD changes in the L-spine were greater 
in patients aged ≥ 40 years than in patients aged < 40 years 
at 2 years (p = 0.010), 3.5 years (p = 0.029), and 5 years 
(p < 0.001). Although this trend was observed for femur 
BMD as well, the only significant difference was observed 
at 5 years after surgery (p = 0.029). There was no significant 

difference in BMD changes between the different BMI 
groups (Fig. 1).

BMD changes according to the initial T score

At 5 years after surgery, patients who had normal BMD at 
baseline had a greater decline in L-spine BMD than those 
who had osteopenia or osteoporosis at baseline (9.3% vs. 
5.8% for L-spine BMD, 5.3% vs. 2.9% for femur BMD, all 
p < 0.001). Despite losing a higher percentage of their bone 
mass, patients with normal BMD at baseline consistently 
maintained higher T scores than those who had osteopenia 
or osteoporosis at baseline. These trends were more obvious 
in the L-spine than in the femur.

BMD changes according to treatment for 5 years

There was no significant difference in BMD changes in the 
L-spine or femur between the O and T groups at 5 years 
(Fig.  2). There was no significant difference in BMD 
changes in the L-spine between the C → T and G + T groups 
at 5 years.

Table 1  Baseline characteristics of the patients

Categories Observation 
group (n = 58) 
n (%)

Tamoxifen group 
(n = 130) n (%)

Chemotherapy 
group (n = 69) n 
(%)

C → T group 
(n = 349) n (%)

G + T group 
(n = 304) n (%)

p value

Age at surgery, years (mean ± SD) 46.6 ± 4.1 45.2 ± 5.2 45.1 ± 4.8 43.9 ± 5.1 45.1 ± 4.3  < 0.001
BMI 0.308
 Underweight 3 (5.2) 7 (5.4) 3 (4.3) 19 (5.4) 12 (4.0)
 Normal 48 (82.8) 104 (80.0) 50 (72.5) 276 (79.1) 250 (82.2)
 Overweight 7 (12.0) 19 (14.6) 16 (23.2) 54 (15.5) 42 (13.8)

T Stage
 Tis 40 (69) 36 (27.7) 0 0 4 (1.3)
 T1/2 18 (31.0) 94 (72.3) 66 (95.7) 334 (95.7) 299 (98.4)
 T3/4 0 (0) 0 (0) 3 (4.3) 15 (4.3) 1 (0.3)

N stage
 No metastasis 57 (98.3) 127 (97.7) 31 (44.9) 109 (31.2) 290 (95.4)
 Metastasis 1 (1.7) 3 (2.3) 38 (55.1) 240 (68.8) 14 (4.6)

ER
 Positive 28 (48.3) 116 (89.2) 6 (8.7) 285 (81.7) 282 (92.8)
 Negative 30 (51.7) 14 (10.8) 63 (91.3) 64 (18.3) 22 (7.2)

PR
 Positive 28 (48.3) 100 (76.9) 6 (8.7) 268 (76.8) 288 (94.7)
 Negative 30 (51.7) 30 (23.1) 63 (91.3) 81 (23.2) 16 (5.3)

Her2 expression
 Negative 28 (48.3) 103 (79.2) 45 (65.2) 263 (75.4) 259 (85.2)
 Positive 30 (51.7) 27 (20.8) 24 (34.8) 86 (24.6) 45 (14.8)

Baseline BMD T score
 Normal 36 (62.1) 89 (68.5) 47 (68.1) 287(82.2) 229 (75.3)
 Osteopenia or osteoporosis 22 (37.9) 41 (31.5) 22 (31.9) 62 (17.8) 75 (24.7)
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One year after surgery, BMD of the L-spine was sig-
nificantly lower in the C group than in the other treatment 
groups (p < 0.001). The BMD decline in the C → T group 
(− 0.079) and G + T group (− 0.073) was less than that in the 

C group (p < 0.001, both) but more than that in the O and 
T groups (p < 0001, both). Similarly, the decline in femoral 
BMD in the C group was significantly higher than that in the 
O, C + T, and G + T groups (all p < 0.001) (Fig. 2, Online 
Resource 2). BMD change in the femur was significantly 
lower in the C → T and G + T groups than in the T group 
(both p < 0.001) (Online Resource 3).

At 2 years after surgery, there was a significant decline in 
BMD of the L-spine in the C, C → T, and G + T groups com-
pared with that in the O group (p < 0.005, all). At 3.5 years 
after surgery, there was no significant difference in BMD 
changes in the L-spine among C, C → T, and G + T groups 
(C vs. C → T, p = 0.012; C vs. G + T, p = 0.349; C → T vs. 
G + T, p = 0.149) (Fig. 2, Online Resource 2). At 5 years, 
the degree of BMD change in the L-spine was significantly 
lower in the C → T group than in the O group (p = 0.002) and 
T group (p < 0.001) (Fig. 2, Online Resource 2). At 5 years, 
the degree of BMD change in the femur was not significantly 
different among the treatment groups (p = 0.058) (Online 
Resource 3).

Among patients who received chemotherapy, BMD in the 
first year of treatment was significantly lower in the C group 
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Fig. 1  Changes in BMD over 5 years. a Changes in the L-spine according to age, b changes in the femur according to age, c changes in the 
L-spine according to BMI, and d changes in the femur according to BMI. BMD bone mineral density, BMI body mass index
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Fig. 2  Changes in BMD over 5  years according to the treatment 
group. Regarding the L-spine, the chemotherapy group showed a 
significantly lower BMD than the observation group at 1, 2, and 
3.5 years after surgery (p  < 0.005) and the C → T and G + T groups 
showed significantly lower BMD than the observation group at 1 and 
2 years after surgery (p  < 0.005). BMD bone mineral density, C → T 
chemotherapy followed by tamoxifen, G + T gonadotropin-releasing 
hormone agonist with tamoxifen
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than in the C → T group for both the L-spine and femur 
(p < 0.005, both), but the decrease in BMD became similar 
between these groups after 2 years of treatment.

In patients who received tamoxifen, the C → T and G + T 
groups showed significant BMD loss in the L-spine from the 
first year to the fifth year (Online Resource 2).

Discussion

Breast cancer and osteoporosis are important public health 
problems that have a major impact on life expectancy and 
quality of life [3, 4, 8, 16–18]. As screening programs and 
new treatments continue to increase the survival of patients 
with breast cancer, negative consequences of treatment such 
as bone loss are becoming increasingly important. Osteo-
porotic fractures represent a substantial clinical and eco-
nomic burden for society [19]. In hormone receptor-positive 
premenopausal breast cancer patients, studies on endocrine 
therapy have addressed the advantages of prolonged treat-
ment duration and combination therapy with aromatase 
inhibitors and GnRH agonists [14, 15, 20]. In these new 
endocrine therapy regimens, bone loss is a critical fac-
tor that should be balanced with the survival benefit. This 
5-year retrospective analysis shows that both chemotherapy 
and GnRH agonist treatment, which can induce amenor-
rhea, result in decreased BMD and accelerated bone loss in 
premenopausal women with breast cancer. When compared 
with the observation group, tamoxifen treatment alone did 
not result in a protective effect on bone loss; however, com-
pared with chemotherapy alone, treatment with tamoxifen 
after chemotherapy or along with a GnRH agonist resulted in 
the attenuation of bone loss. The degree of bone loss associ-
ated with GnRH agonist plus tamoxifen was comparable to 
that with chemotherapy followed by tamoxifen treatment.

The initial BMD did not correlate with age in this group 
of premenopausal women. However, women aged < 40 years 
experienced less bone loss than older women. Disrup-
tion of the gonadal axis may be permanent in women 
aged > 40 years who undergo ovarian suppression treatment 
[21, 22]. In a previous study, young premenopausal women 
who experienced amenorrhea after receiving adjuvant breast 
cancer treatment had a higher menstruation restoration rate 
than older women, and only minor BMD changes were 
observed [21]. Generally, the greater the degree of obesity, 
the higher the initial BMD; notably, the osteoporotic fracture 
risk is known to decrease in overweight patients [16, 23]. 
High BMI is thought to increase chronic strain on the bones, 
and the large stores of adipose tissue increase the production 
of estrogen [16].

Tamoxifen is known to have a bone-sparing effect in post-
menopausal women or when it is used concurrently with 
ovarian suppression treatment; however, it can induce bone 

loss when used as a monotherapy in premenopausal patients 
[1]. In a tamoxifen chemoprevention trial, tamoxifen was 
associated with significant BMD loss in premenopausal 
women, whereas it prevented bone loss in postmenopausal 
women [11]. This obvious menstrual status-dependent effect 
can be explained by the differences in the endocrine milieu 
in which tamoxifen antagonizes the potent activity of endog-
enous estrogen [24]. In this study, BMD did not increase 
in the tamoxifen or observation groups; however, adding 
tamoxifen to GnRH agonist treatment and administration of 
tamoxifen after chemotherapy, both of which can decrease 
estrogen and mimic a postmenopausal status, demonstrated 
a bone protective effect.

Ovarian suppression or selective estrogen receptor modu-
lators are used to treat premenopausal women with hormone 
receptor-positive breast cancer. Ovarian suppression causes 
immediate and artificial menopause. Moreover, chemother-
apy can lead to ovarian failure [7]. In this study, the BMD in 
the C, C + T, and G + T groups seemed to decrease at all time 
points compared to that in the O group, and the decrease in 
BMD lasted for 5 years. Treatment-induced ovarian sup-
pression or failure can dramatically decrease estrogen pro-
duction, resulting in increased osteoclast-mediated bone 
resorption and subsequently decreased BMD [25]. Chemo-
therapy-induced ovarian dysfunction results from the deple-
tion of ovarian follicles and damage to steroid-producing 
granulosa and theca cells that leads to decreased estradiol 
and inhibin B production [21]. The consequent loss of feed-
back inhibition in the pituitary gonadotrophs increases fol-
licle-stimulating hormone levels. In women aged > 40 years, 
disruption of the gonadal axis may be temporary or perma-
nent, and the type and duration of chemotherapy are the 
primary determinants of ovarian failure after breast cancer 
therapy [21, 22]. Several studies have analyzed the decrease 
in BMD in response to ovarian suppression treatments in 
breast cancer. Gnant et al. studied 401 premenopausal breast 
cancer patients who were treated with a GnRH agonist plus 
tamoxifen or a GnRH agonist plus anastrozole. After 3 years 
of treatment, overall bone loss was significantly more severe 
in patients who received the anastrozole/GnRH agonist com-
bination than in those who received the tamoxifen/GnRH 
agonist combination [26]. Shapiro et al. showed that pre-
menopausal women with chemotherapy-associated ovarian 
failure had significant bone loss in the L-spine at 6 months 
and a further decrease in bone density at 12 months [27]. In 
a study by Delmas et al., 36 premenopausal breast cancer 
patients who were treated with chemotherapy plus tamoxifen 
showed a significant decrease in BMD of the L-spine and 
hip at 1 year [28].

In this study, the decline in BMD was less with tamox-
ifen after chemotherapy than with chemotherapy alone, 
suggesting that tamoxifen may at least partially counteract 
the deleterious effect of chemotherapy on BMD. Although 
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the mechanism underlying this effect remains unknown, it 
is likely that in patients with chemotherapy-induced pre-
mature menopause, the addition of tamoxifen after chemo-
therapy exerts estrogen agonist effects on the bone that 
are similar to those observed in postmenopausal women.

In this study, we observed less significant bone loss in the 
femoral neck than in the L-spine. This may be explained, 
at least in part, by the fact that the L-spine consists largely 
of cancellous bone, which is characterized by rapid bone 
turnover. Cortical bone, such as that found in the femur, 
is metabolically slower than cancellous bone, and there-
fore, it is less affected by alterations in bone turnover [1]. 
Overall, studies have confirmed that tamoxifen significantly 
decreases bone loss in the L-spine and to a lesser degree, in 
the femoral neck in postmenopausal women [1].

This study had several limitations. First, it was a retro-
spective study. Second, patients who underwent bone den-
sity testing in their hometown were not included. Third, all 
patients in this study were Asian, and ethnic variation can 
influence BMD. Particularly, in Asian women, the unad-
justed risk for osteoporosis was reported to be higher than 
that in Caucasian women, and it showed a similar trend after 
multivariate adjustment, including adjustment for weight 
[29].

To the best of our knowledge, this is the first study to 
investigate the relationship between the 5-year quantitative 
changes in BMD, as measured by DXA, and the type of 
adjuvant treatment in premenopausal breast cancer patients. 
Although the present study was retrospective, we compared 
the effects of different breast cancer treatments on BMD 
loss in premenopausal patients, including those who did not 
undergo systemic treatment (O group). The L-spine BMDs 
at all time points decreased in the C, C → T, and G + T 
groups compared to those in the O group. The degree of 
BMD reduction in both the L-spine and femur at 1 year was 
the greatest in the C group compared with that in the C → T 
and G + T groups. From 2 years after surgery, there was no 
significant difference between these groups.

In conclusion, premenopausal women with breast can-
cer experience similar degrees of significant bone loss after 
adjuvant chemotherapy and GnRH agonist treatment, and 
this effect lasts for 5 years. Although the BMD decrease was 
not different between the observation and tamoxifen mono-
therapy groups, tamoxifen treatment during chemotherapy 
or GnRH agonist treatment might exert a protective effect on 
BMD. In premenopausal women receiving adjuvant therapy 
for breast cancer, efforts should be focused on optimizing 
BMD assessment and appropriate bone loss prevention.
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