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Background: The aim of this study was to evaluate the effects of denosumab in patients with 

osteoporosis (OP) and non-metastatic breast cancer following treatment of 1) surgery, 2) surgery 

and aromatase inhibitors, and 3) surgery, aromatase inhibitors, and anti-cancer agents, compared 

with those in primary OP patients.

Patients and methods: In this retrospective 24-month study, patients were divided into the 

primary OP group (34 cases) or OP receiving breast cancer treatment group (breast cancer group; 17 

cases). We measured serum calcium, whole parathyroid hormone (PTH), 1,25OH
2
D

3
, bone alkaline 

phosphatase (BAP), tartrate-resistant acid phosphatase-5b (TRACP-5b), and bone mineral density 

(BMD) of the lumbar 1–4 vertebrae (L-BMD) and bilateral total hips (H-BMD) for 24 months.

Results: The percent changes of serum calcium in the breast cancer group were significantly 

lower than those in the primary OP group at 1 week, 1 and 12 months. The percent changes of 

whole PTH in the primary OP group were significantly lower than those in the breast cancer 

group at 2 and 4 months. Significant differences were found between the groups at 18 months 

(−34.5% in the primary OP group and −52.6% in the breast cancer group, respectively) for 

the percent changes of BAP. Significant differences were found between the groups at 12, 18, 

and 24 months (−39.7% in the primary OP group and −64.0% in the breast cancer group at 

24 months, respectively) for the percent changes of TRACP-5b. The percent changes of L-BMD 

and H-BMD were significantly increased at 12, 18, and 24 months in both the primary OP 

group (7.0% and 4.7% at 24 months, respectively) and breast cancer group (8.0% and 5.4% at 

24 months, respectively), compared with pre-treatment levels. Significant differences were not 

found between the groups for the percent changes of L-BMD and H-BMD.

Conclusion: Denosumab significantly increased L-BMD and H-BMD to comparable degrees 

in both groups; therefore, it represents a good therapeutic option for OP receiving breast cancer 

treatment as well as primary OP. Also, vitamin D supplementation is required due to the poten-

tial hypocalcemia, and estrogen may be responsible for the decrease of serum calcium in the 

breast cancer patients.

Keywords: bone mineral density, bone turnover markers, breast cancer, denosumab, 

osteoporosis

Introduction
Breast carcinoma is one of the most common malignancies among women 

worldwide, with over 3,000,000 breast cancer survivors living in the USA alone.1 It is 

considered that estrogen stimulates the proliferation of breast cancer cells.2 Estrogen 

is produced mainly in the ovaries before menopause. Ovary function decreases in 

postmenopausal women, which reduces the expression of estrogen. In response to 
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this, androgen is secreted from the adrenal glands and estro-

gen is made by aromatase existing in adipose tissues.3

Aromatase inhibitors have now replaced tamoxifen 

(AstraZeneca K.K., Osaka, Japan) as the treatment of choice 

for hormone-responsive breast cancer in most postmeno-

pausal women due to their higher efficacy and fewer serious 

side effects, such as the induction of uterine cancers and 

thromboembolic events.4 Stratton et al5 have reported that 

aromatase inhibitors are commonly used as adjuvant therapy 

in postmenopausal women with breast cancer. The survival 

rate in receptor-positive breast cancer has markedly improved 

by these advancements.6

However, there are numerous reports of aromatase 

inhibitors causing bone loss and predisposing patients to 

osteoporosis (OP) and fracture.4–7 OP has become a serious 

issue in aging breast cancer patients, thus the establishment 

of appropriate treatments for OP is needed.

Denosumab is a fully human monoclonal antibody 

against receptor activator of nuclear factor-kappa B ligand 

that selectively inhibits osteoclastogenesis. Consequently, 

denosumab abrogates bone resorption, increases bone 

mineral density (BMD), and prevents fragility fracture.8,9 

The 1-year open-label extension of the FREEDOM study 

demonstrated that the prevalence of non-vertebral fracture 

decreased for up to 10 years after denosumab treatment 

and BMD increased linearly.10 We recently reported that 

denosumab could increase BMD even in bisphosphonate 

(BP)-unresponsive cases.11 Thus, denosumab is considered 

to be a good therapeutic agent for OP with respect to BMD 

increase, improvement in bone turnover markers, and pre-

vention of fracture.

Several reports have shown denosumab as highly 

effective drug for the bone loss induced by aromatase 

inhibitors.12,13 Gnant et al12 described that denosumab sig-

nificantly increased BMD in OP of non-metastatic breast 

cancer female patients with adjuvant aromatase inhibitors. 

In their randomized, double-blinded, placebo-controlled trial, 

denosumab reduced the risk of clinical fracture and the major 

side effects of adjuvant breast cancer treatment, suggesting 

that this combination should be considered for OP with 

breast cancer.12 However, no studies exist on comparisons 

of: 1) detailed calcium (Ca) metabolism and 2) changes of 

BMD values after denosumab therapy between primary and 

secondary OP with non-metastatic breast cancer.

This study investigated if denosumab treatment 

exerted different effects on markers of bone metabolism 

and BMD between Japanese primary and secondary OP 

patients with breast cancer once breast cancer treatment 

has finished.

Patients and methods
Seventeen OP patients, who had received treatment for breast 

cancer (breast cancer group), were recruited from Shinshu Uni-

versity School of Medicine and Showa-Inan General Hospital 

between June 2014 and January 2016. Thirty-four primary OP 

patients (primary OP group), whose background was matched 

with that of the breast cancer group, were also enrolled. All 

patients were diagnosed as having OP based on the Japanese 

Society of Bone and Mineral Research.14 The inclusion crite-

ria for the study were OP patients with low T-score in total 

hip BMD (H-BMD; ie, less than -2.5 SD). The exclusion 

criteria in this study were patients with chronic renal failure 

(estimated glomerular filtration rate ,40 [mL/min/1.73 m2]) 

with bone metabolic disorder or diabetes mellitus that could 

affect OP. All consecutive patients meeting the criteria 

were retrospectively enrolled. Thirteen of 34 patients in the 

primary OP group and 6 of 17 patients in the breast can-

cer group had received BPs prior to denosumab treatment 

(Table 1). All subjects received denosumab (Pralia® 60 mg 

once every 6 months subcutaneously; Amgen Inc., Thousand 

Oaks, CA, USA). In the primary OP group, 12 patients 

took vitamin D or Ca for at least 3 months and stopped it 

thereafter due to the occurrence of adverse effects, such as 

gastrointestinal symptoms. In the remaining 22 patients, 12 

took vitamin D and Ca supplementation (Denotas® chew-

able combination tablets; Nitto Pharmaceutical Industries, 

Ltd., Kyoto, Japan), 4 took alfacalcidol (Onealfa® Tablets  

1.0 μg per day; Teijin Pharma Ltd, Tokyo, Japan), 6 took  

eldecalcitol (Edirol® capsule 0.75 μg per day; Chugai 

Pharmaceutical Co., Ltd., Tokyo, Japan). In the breast 

Table 1 Baseline patient characteristics in the primary OP and 
breast cancer groups prior to denosumab treatment

Characteristic Primary 
OP 
(n=34)

Breast 
cancer 
(n=17)

P-value

Age (years) 67.3±1.9 67.2±2.6 0.9943
BMI (kg/m2) 21.3±0.5 20.5±0.9 0.2496
Serum-corrected Ca (mg/dL) 9.1±0.1 9.3±0.2 0.2148
Serum phosphorus (mg/dL) 3.7±0.1 3.6±0.1 0.5092
Serum BAP (μg/L) 16.9±1.8 17.5±2.3 0.8315
Serum TRACP-5b (mU/dL) 452.3±41.1 441.9±71.2 0.8996
Urinary NTx (nmol BCE/mmol/CRE) 37.8±3.9 33.6±3.6 0.4328
Serum whole PTH (pg/mL) 30.8±3.6 26.4±3.5 0.2985
Serum 1,25(OH)2D3 (pg/mL) 55.1±4.2 58.8±3.9 0.5280
BP pre-treatment (n) 13 6
BP use duration (years) 4.2±1.2 4.7±1.4 0.7730
L1-4 BMD (g/cm2) 0.827±0.02 0.798±0.03 0.3894
H-BMD (g/cm2) 0.663±0.03 0.669±0.02 0.8396

Abbreviations: BAP, bone alkaline phosphatase; BCE, bone collagen equivalents; 
BMD, bone mineral density; BMI, body mass index; BP, bisphosphonate; Ca, calcium; 
CRE, creatinine; H-BMD, hip BMD; L1-4 BMD, lumbar 1–4 bone mineral density; OP, 
osteoporosis; PTH, parathyroid hormone; TRACP, tartrate-resistant acid phosphatase.
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cancer group, 6 patients took vitamin D or Ca for at least 

3 months and stopped it thereafter period due to the occur-

rence of adverse effects, such as gastrointestinal symptoms. 

In the remaining 11 patients, 5  took vitamin  D and Ca 

supplementation (Denotas chewable), 3 took alfacalci-

dol, 3 took eldecalcitol. The mean (standard error [SE]) 

period from surgery to the start of denosumab admin-

istration in the breast cancer group was 6.8 (1.6) years.  

Three patients underwent surgery only, 5 received surgery 

and adjuvant aromatase inhibitor therapy, and 9 received 

surgery, adjuvant aromatase therapy, and chemotherapy. Prior 

to denosumab treatment, all of the patients had completed 

aromatase therapy and/or chemotherapy, and the mean (SE) 

period from the end of aromatase inhibitor therapy and/or che-

motherapy was 2.1 (0.8) and 3.5 (0.7) years, respectively.

We also subdivided the breast cancer group into the fol-

lowing 3 groups for further analysis: the surgery only group, 

which had not been treated previously with aromatase therapy 

or chemotherapy (group 1), the surgery and aromatase 

therapy group (group 2), and the surgery, aromatase therapy, 

and chemotherapy group (group 3).

Serum albumin and Ca levels were measured using 

the arsenazo III method. Serum bone alkaline phosphatase 

(BAP) was measured as a bone-formation marker using 

a chemiluminescent enzyme immunoassay and antibody 

radioimmunoassay with a coefficient of variation (CV) of 

2.5%. Serum tartrate-resistant acid phosphatase (TRACP)-5b 

(Osteomark®; Osteox International, Seattle, WA, USA) was 

measured as a marker of bone resorption using an enzyme-

linked immunosorbent assay with a CV of 3.2%. Percent 

changes in serum levels of parathyroid hormone (PTH) and 

the active form of vitamin D (1,25(OH)
2
D

3
) were determined 

by immunoradiometric assays. Each marker was measured 

just before denosumab administration and at 1 week and 1, 2, 

4, 6, 8, 12, 15, 18, 21, and 24 months of denosumab treatment. 

After overnight fasting, serum and first-void urine samples 

were collected between 08:30 and 10:00 am for testing. 

Immunoassays were carried out by SRL (Tokyo, Japan).

BMD was measured using a dual-energy X-ray absorption 

fan-beam bone densitometer (Lunar Prodigy; GE Healthcare, 

Waukesha, WI, USA) at the lumbar 1–4 levels of the pos-

teroanterior spine and bilateral total hips. The CVs of BMD 

measurements at the lumbar spine (L-BMD) and bilateral 

total hips (H-BMD) were 0.6% and 0.5%, respectively. The 

study protocol was approved by the ethics committees of 

Shinshu University School of Medicine (Matsumoto, Japan) 

and Showa-Inan General Hospital (Komagane, Japan). This 

investigation was carried out in accordance with the ethical 

standards set forth in the Declaration of Helsinki (2014 

revision). Written informed consent was obtained from 

all patients.

Results were expressed as the mean ± SE. For both 

groups, we compared the changes in markers, L-BMD, and 

H-BMD, at each time point compared with pre-treatment 

levels using the Bonferroni correction method for multiple 

comparisons. Comparisons of markers, L-BMD, and H-BMD 

between the 2 groups (the primary OP group and breast can-

cer group) at each measurement point were performed using 

Welch’s t-test. Also, comparisons of serum Ca, BAP, and 

TRACP-5b among the 3 groups (group 1–3) were performed 

by the Kruskal–Wallis test. Differences were considered 

statistically significant at P,0.05.

Results
No significant differences were found in patient background 

between the primary OP and breast cancer groups (Table 1). 

No serious adverse events, such as hypocalcemia, occurred 

during the observation period.

Serum albumin-corrected Ca
The percent changes of serum Ca significantly decreased at 

1 week in the breast cancer group, but not in the primary OP 

group during the observational period, compared with pre-

treatment levels. Significant differences were found between 

the groups at 1 week, 1 month, and 12 months of treatment 

(Figure 1A). On the other hand, there was a significant dif-

ference among the groups 2 and 3 at 8 months of therapy 

(P,0.05; Figure 1B).

Serum whole PTH and 1,25(OH)2D3
The percent changes of whole PTH were increased during 

the early stages of the study period in the breast cancer group 

but hovered around baseline in the primary OP group. Sig-

nificant differences were noted at 2 and 4 months between 

the groups (Figure 1C).

The percent changes of 1,25(OH)
2
D

3
 were increased 

in both groups during the early stages of the study period 

(Figure 1D).

Bone turnover markers
Markers of bone formation
The percent changes of BAP were significantly decreased 

from 2 to 24 months in both groups, compared with pre-

treatment levels. At 18 months, the percent changes of BAP in 

the breast cancer group were significantly lower than those in 

the primary OP group (Figure 2A). There were no significant 

differences of the percent changes of BAP among the groups 
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Figure 1 Percent changes in serum albumin-corrected Ca (A, B), whole PTH (C), and 1,25(OH)2D3 (D).
Notes: In Figure (A, C, and D), closed circles indicate the primary OP group and triangles indicate the breast cancer group. * denotes a significant difference of P,0.05 
compared with pre-treatment values. # denotes a significant difference of P,0.05 between the groups at a given time point. In Figure (B), diamonds indicate group 1, white 
circles indicate group 2, and squares indicate group 3. # denotes a significant difference of P,0.05 between the subgroups at a given time point.
Abbreviations: Ca, calcium; m, months; OP, osteoporosis; PTH, parathyroid hormone; w, week.

Figure 2 Percent changes in serum BAP (A, B) and TRACP-5b (C, D).
Notes: (A and C) Closed circles indicate the primary OP group and triangles indicate the breast cancer group. ** and * denote significant differences of P,0.01 and P,0.05, 
respectively, compared with pre-treatment values. ## and # denote significant differences of P,0.01 and P,0.05, respectively, between the groups at a given time point. (B 
and D) Diamonds indicate group 1, white circles indicate group 2, and squares indicate group 3. ** and * denote significant differences of P,0.01 and P,0.05 compared with 
pre-treatment values. 
Abbreviations: m, months; BAP, bone alkaline phosphatase; OP, osteoporosis; TRACP-5b, tartrate-resistant acid phosphatase; w, week.
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1, 2, and 3. However, there were significant differences from 

2 to 24 months in the group 1, while there were no significant 

differences in the group 2 or 3, compared with pre-treatment 

levels (Figure 2B).

Markers of bone resorption
In the breast cancer group, the percent changes of TRACP-5b 

were significantly decreased than in the primary OP group at 

12, 18, and 24 months. In both groups, the percent changes of 

TRACP-5b were significantly decreased at every time point, 

compared with baseline (Figure 2C). There were no significant 

differences of the percent changes of TRACP-5b among the 

groups 1, 2, and 3. However, there were significant differences 

at any time point in the group 1 and 3 (except for 12 months in 

the group 3), while there were no significant differences in the 

group 2, compared with pre-treatment levels (Figure 2D).

L-BMD and H-BMD
The percent changes of L-BMD increased steadily for 24 months 

in both the primary OP group (7.0% increase at 24 months) 

and breast cancer group (8.0% increase at 24 months). These 

changes were comparable during the observational period 

in both groups. In the primary OP group, significant differ-

ences were found in L-BMD at 8, 12, 18, and 24 months 

versus baseline values. We noted similar differences at 12, 

18, and 24 months in the breast cancer group . There were no 

significant differences between the groups (Figure 3A).

The percent changes of H-BMD increased steadily for 

24 months in both the primary OP group (4.7% increase 

at 24 months) and breast cancer group (5.4% increase at 

24 months). These changes were also comparable during the 

observational period in both groups. Significant differences 

were found at 12, 18, and 24 months in both groups, com-

pared with pretreatment values. There were no significant 

differences between the groups (Figure 3B).

Discussion
This study reports for the first time comparative data on 

denosumab therapy for primary OP patients and OP patients 

with breast cancer. In the breast cancer group, denosumab 

administration produced: 1) significantly decreased serum 

Ca in the early treatment phase, 2) significantly suppressed 

bone metabolism, and 3) greatly improved BMD which was 

comparable with that in the primary OP group.

Fourteen of 17 breast cancer patients had received adjuvant 

aromatase inhibitor therapy prior to denosumab treatment. Estro-

gen is a key regulator of bone metabolism, thus estrogen replace-

ment decreases bone-acting cytokines to inhibit bone resorption.15 

As previously reported, aromatase inhibitors also affect bone 

metabolism,4,12,13 as may chemotherapy. Since all of the patients 

in the breast cancer group had ceased aromatase inhibitor therapy 

and/or chemotherapy prior to this study, it was unlikely that these 

therapies directly affected bone metabolism.

Hypocalcemia is one of the most common adverse 

effects in denosumab treatment for OP.16,17 Several studies 

have advised that Ca and vitamin D be taken together with 

denosumab.16,17 We recently demonstrated that Ca and 

vitamin  D supplementation was necessary during deno-

sumab therapy in primary OP to prevent hypocalcemia and 

increase BMD.17 Thus, we first prescribed Ca and vitamin D 

supplementation to all of the patients; however, due to adverse 

effects, such as constipation, approximately one third of 

patients in each group did not take Ca or vitamin D supple-

mentation. However, all patients had taken vitamin D and 

Figure 3 Percent changes in L-BMD (A) and H-BMD (B).
Notes: Closed circles indicate the primary OP group and triangles indicate the breast cancer group. ** and * denote significant differences of P,0.01 and P,0.05, 
respectively, compared with pre-treatment values.
Abbreviations: m, months; L-BMD, lumbar 1–4 bone mineral density; H-BMD, bilateral total hip bone mineral density; OP, osteoporosis.
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Ca supplementation for at least 3 months, thus it was con-

sidered that the cause of hypocalcemia would not have been 

due to the non-intake of vitamin D and Ca supplementation. 

Hypocalcemia occurred even in the surgery group in this 

study, suggesting the unlikeliness that aromatase inhibitors 

or anti-cancer agents had caused hypocalcemia. Also, serum 

Ca in the breast cancer group was significantly decreased at 

1 week and 1 month, compared with those in the primary OP 

group, confirming the potential benefit of vitamin D and Ca 

intake when undergoing denosumab treatment for OP with 

breast cancer.

The percent changes of serum Ca in the breast cancer 

group were significantly decreased at the early phase com-

pared with those in the primary OP group. On the other 

hand, Ellis et al7 have reported that in breast cancer patients 

with aromatase inhibitors plus denosmuab treatment, 

there was no hypocalcemia like in placebo patients. Taken 

together, our findings and Ellis et al7 suggest that under 

denosumab therapy, the decrease of serum Ca observed 

in breast cancer patients might have been suppressed by 

aromatase inhibitors, thus, estrogen may be responsible for 

the decrease of serum Ca in breast cancer patients. Thus, we 

speculate that one of the factors altering Ca metabolism in 

breast cancer may be estrogen through a yet undetermined 

mechanism.

In the breast cancer group, serum Ca significantly 

decreased at the early phase. Early phase serum PTH and 

1,25(OH)
2
D

3
 were comparably higher in the breast cancer 

group, potentially due to diminished Ca levels. Toulis 

et al13 witnessed that denosumab increased serum PTH at 

7 days of treatment in primary OP patients, but not in breast 

cancer patients, which was inconsistent with our findings. 

However, their data lacked detailed information on the 

breast cancer treatment course;13 thus, it was possible that 

their study had been performed during aromatase inhibitor 

administration.

In this study, the percent changes of TRACP-5b re-

increased every 6 month just before denosumab admin-

istration in the primary OP group, which was consistent 

with earlier reports,17,18 while the re-increase of the percent 

changes of TRACP-5b was not observed in the breast cancer 

group. Also, the inhibitory effects on BAP were greater in 

the breast cancer group than in the primary OP group, sug-

gesting the inhibition of bone metabolism by denosumab 

was stronger and more prolonged in breast cancer patients. 

Although the mechanism of this is unclear, it may be related 

to a sufficiency of estrogen in bone tissues. 

Cancer itself was removed by surgeries in all of the 

breast cancer patients and recurrence has not been observed 

in any case 6.8 years on average after surgeries. Thus, it is 

conceivable that cancer tissue might have not affected the 

results in this study.

During denosumab therapy, both L-BMD and H-BMD 

significantly increased over 24 months in both groups 

similarly compared with pre-treatment levels. In the ZO-

FAST study,16 zoledronic acid therapy in OP patients with 

aromatase inhibitors showed that fracture rate was 8% for 

12 months, while this study showed no fracture occurred 

during the 24-month observation period. In addition, 

L-BMD and H-BMD had increased by 5.7% and 3.6%, 

respectively, at 12 months in the ZO-FAST study,16 while 

in this study, L-BMD and H-BMD had increased by 5.2% 

and 4.3%, respectively, at 12 months in the breast cancer 

group. Thus, a previous report16 and our findings suggest 

that denosumab can be a good option for the treatment of 

OP with accompanying breast cancer.

The main limitations of our study were its small sample 

size and mixed population. Further investigation is warranted 

to ascertain if: 1) BMD increases continuously by denosumab 

treatment and to what extent fracture is prevented, and 

2) other adverse effects occur.

Conclusion
L-BMD and H-BMD were significantly increased in both 

groups at 24 months of denosumab treatment. Accordingly, 

the drug represents a good therapeutic agent for OP with 

breast cancer as it is for primary OP. Since serum Ca sig-

nificantly decreased in the breast cancer group during the 

early phase of treatment, supplemental vitamin D and Ca are 

advised, and estrogen may be responsible for the decrease of 

serum Ca in breast cancer patients.
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