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Introduction

In 2012, more than a million men worldwide were 
estimated to be diagnosed with prostate cancer (PC), 
resulting in more than 300,000 deaths [1]. Bone metastasis 
is a common progressive pattern of PC [2-4] and presents 
with a major cause of mortality in PC patients. While 
androgen deprivation therapy (ADT) is a common 
treatment option for metastatic PC, it has several 
well-recognized adverse effects, including osteoporosis 
[5-7]. Bone metastases alone or in combination with 
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ADT-related osteoporosis places PC patients at great 
risk of skeletal morbidity (e.g. pain and fracture), which 
may significantly impair patients’ quality of life [8-12]. 
Therefore, bone health management in PC patients with 
bone metastases and/or undergoing ADT is considered 
critical to maintain their quality of life and improve 
prognosis [13, 14]. 

Denosumab, a receptor activator of NF-kB ligand 
(RANKL) inhibitor, has recently been reported to 
reduce skeleton-related events (SREs) and improve 
survival in patients with bone metastases from solid 
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tumors including PC, when given in a dosage of 120 mg 
monthly [15-19]. Notably, it has also been reported to 
improve bone metastasis-free survival in non-metastatic 
castration-resistant PC [20, 21]. On the other hand, it is 
also a common treatment for osteoporosis when used 
in a different dosage: semiannual 60 mg denosumab 
has been shown to increase bone mineral density 
(BMD) and affect bone turnover markers in both normal 
populations [22-27] and PC patients treated with ADT 
[28-30]. However, no study has investigated the impact of 
monthly 120 mg denosumab on bone metabolism to date. 
In this context, the present study evaluated BMD and bone 
metabolism markers in patients with bone-metastatic PC 
who underwent monthly 120 mg denosumab along with 
ADT.

Materials and Methods

We retrospectively reviewed 15 patients with 
bone-metastatic PC who initiated monthly 120 mg 
denosumab in conjunction with ADT at our institution 
between August 2013 and March 2014. BMD was 
measured at lumbar spine and femoral neck using dual 
energy X-ray absorptiometry (DXA), before treatment and 
annually thereafter. Bone metabolism markers, including 
urine N-terminal telopeptide (uNTx) and bone type 
alkaline phosphatase (BAP), were monitored monthly. 
Adverse events were evaluated at every visit of each 
patient. All research protocols in the present study were 
approved by the Institutional Review Board of Tokyo 
Teishin Hospital (approval number: 994).

All statistical analyses were performed using JMP Pro 
version 12.2.0 (SAS Institute, Cary, NC, USA). Changes 
in BMD and bone metabolism markers from baseline were 

analyzed with Wilcoxon signed-rank test. P values were 
two-sided and were considered as significant at P<0.05. 
Follow-up information was obtained up to March 2016.

Results

Patients
PC was confirmed histologically and bone metastases 

were detected with bone scintigraphy ± computed 
tomography before treatment in all cases. All patients 
received continuous combined androgen blockade as ADT 
from the diagnosis of bone-metastatic PC until the last 
follow-up. No patient had undergone prior local therapy 
(radical prostatectomy, external beam radiotherapy, 
brachytherapy, etc.). For the prevention of adverse effects 
of denosumab, all patients underwent a dental examination 
before its initiation and were given supplements containing 
calcium and vitamin D during its administration period.

Baseline characteristics of 15 patients were 
summarized in Table 1. Median interval of time between 
the diagnosis of bone-metastatic PC and the initiation of 
denosumab was 6 months (range: 0–106 months). Eight 
patients utilized alternative ADT and three did docetaxel 
chemotherapy during the follow-up period.

Of 15 patients, 12(80%) had evaluable DXA before 
initiating denosumab (Figure 1). Of these, eight underwent 
DXA a year later without discontinuation of denosumab, 
while two died of PC within a year, one discontinued 
denosumab because of liver failure due to docetaxel, and 
one did not undergo DXA for another reason. Of eight 
patients, four underwent DXA two years later without 
discontinuation of denosumab, whereas three discontinued 
denosumab within the next year and one did not undergo 
DXA for another reason. Eleven of 15 (73%) patients 

Figure 1. Flow Chart Representing the Study Selection Process.
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(ranges) at baseline and a year later in these patients were 
as follows: -0.5 (-1.6–2.8) and 0 (-1.2–3.4) at lumbar 
spine; and -1.5 (-2.2–-0.4) and -1.05 (-1.8–0.1) at femoral 
neck, respectively.

In four patients whose BMDs were followed 
over 2 years, percent changes in BMD from baseline 
to a year later and two years later were+6.7% and +8.1% 
at lumbar spine; and +7.7% and +6.6% at femoral neck, 
respectively (Figure S1). While there were increases in 

had data on uNTx and BAP monitored monthly for more 
than a year. 

Changes in BMD
In eight patients who underwent DXA a year later, 

percent changes in BMD from baseline were +6.2% at 
lumbar spine and +7.6% at femoral neck, both of which 
were significant increases (P=0.0078 and P=0.0078, 
respectively) (Figure 2). For reference, median T-scores 

Figure 2. Changes in BMD at Lumbar Spine (A) and Femoral Neck (B) During the First Year of Denosumab 
Administration (n=8). *, P<0.05.

Parameter Value
Age, median (range), years 75 (59–82)
Initial prostate specific antigen, median (range), ng/mL 32 (3.4–1148)
Gleason score at biopsy, no. (%)
     7 3 (20)
     8 2 (13)
     9 7 (47)
     10 3 (20)
Clinical T stage, no. (%)
     T1 2 (13)
     T2 5 (33)
     T3 5 (33)
     T4 3 (20)
Clinical N stage, no. (%)
     N0/x 8 (53)
     N1 7 (47)
Metastatic site, no. (%)
     Bone 15 (100)
     Lung 2 (13)
Other organ 0 (0)
BMD at lumbar spine, median (range), g/cm2 1.083 (0.636–1.892)
T-score at lumbar spine, median (range) 0.6 (-1.6–7.1)
BMD at femoral neck, median (range), g/cm2 0.689 (0.550–0.923)
T-score at femoral neck, median (range) -1.35 (-2.2–0.5)
Follow-up time, median (range), months 21 (1–35)

Table 1. Baseline Characteristics of 15 Patients

BMD, bone mineral density.
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BMD at both sites between baseline and a year later, there 
seemed to be no increases between a year later and two 
years later, despite a lack of statistical significance due 
to the small sample size.

Bone metabolism markers
Figure 3 shows changes in uNTx and BAP during 

the first 12 months of denosumab administration (n=11). 
uNTx rapidly decreased in the first month after denosumab 
initiation, and remained at low levels ever after. All values 
were significantly lower than that of baseline (all P<0.01). 
On the other hand, BAP gradually declined until four 
months after initiation of denosumab, and remained at 
low levels ever after. Again, all values were significantly 
lower than that of baseline (all P<0.01).

Adverse events and SREs
In total, four patients discontinued denosumab during 

the follow-up period for the following reasons: dental 
treatment, but not for osteonecrosis of the jaw (n=2); 
depression (n=1); liver failure due to docetaxel (n=1). 
There were no denosumab-related severe adverse events, 
such as hypocalcemia, osteonecrosis of the jaw, bone 
fracture, and renal dysfunction, during the follow-up 
period. 

Although only a patient underwent palliative 
radiotherapy and used opioid for lumbar pain due to 
bone metastasis, no other SREs were observed in the 
remaining patients.

Discussion

To the best of our knowledge, the present study is 
the first assessment of the impact of monthly 120 mg 
denosumab on bone metabolism in real-world patients. 
It demonstrated that BMD evaluated using DXA 
significantly increased from baseline a year after initiating 
monthly 120 mg denosumab. It also showed that bone 
metabolism markers significantly decreased during the 
first year of initiation, with the decline rate of uNTx faster 
than that of BAP.

There have been a lot of studies which investigated 

the effect of semiannual 60 mg denosumab on BMD in 
both normal populations [22-27] and PC patients treated 
with ADT [28, 29]. In low BMD postmenopausal women, 
semiannual 60 mg denosumab has reportedly increased 
BMD at lumbar spine by 4.6–5.2% and that at femoral 
neck by 2.1–3.5% after a year of initiation [22, 23]. In the 
same setting, it has also been reported to increase BMD at 
lumbar spine by around 6.5% and that at femoral neck by 
2.8% after two years of initiation [24, 25]. In low BMD 
men, the drug has been shown to increase BMD at lumbar 
spine by 5.8% and that at femoral neck by 2.2% after 
a year of initiation [27]. On the other hand, semiannual 
60 mg denosumab has also been investigated in PC 
patients treated with ADT: it increased BMD at lumbar 
spine by 2.5–4% and that at femoral neck by 2–3.7% after 
a year of initiation; and by 6–8% and by 2–3% after three 
years of initiation, respectively [28, 29]. It should be noted 
that ADT causes approximately 5% of BMD loss within 
a year of its initiation [7- 8].

McClung et al conducted a dose-finding study of 
denosumab for osteoporosis, and demonstrated its 
optimal dose to be 60mg every six months [23]. They 
administered denosumab every six months at a dose of 
14, 60, 100 or 210 mg for postmenopausal women with 
low BMD, and detected the most effective dose to be 
60mg, since higher doses were not more effective and 
a dose of 14mg was less effective. The present study 
administered 120mg denosumab every month, which 
meant twelve times higher than a standardized dose 
for osteoporosis. The dose, which was established 
based on phase 2 trials seeking the optimal dose for the 
prevention of SRE (i.e. another endpoint than BMD) in 
cancer patients with bone metastases [31-33], increased 
BMD at lumbar spine by 6.2% and that at femoral neck 
by 7.6% a year later: this seems almost equivalent, or 
if any, slightly greater effect, compared to the above 
studies of semiannual 60 mg denosumab for PC patients 
receiving ADT [28-29]. These results are completely in 
line with the dose-finding study by McClung et al, that 
is, the effect of denosumab on increasing BMD does 
not exhibit dose-dependency at a more dose than 60 mg 
every six month.

Figure 3. Changes in uNTx (A) and BAP (B) During the First Year of Denosumab Administration (n=11). *, P<0.05.
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With regard to bone metabolism markers, we observed 
that changes in uNTx and BAP exhibited contrasting 
patterns: uNTx, a bone resorption marker, rapidly 
decreased, whereas BAP, a bone formation marker, 
gradually declined. Possible explanations for this are 
as follows: firstly, tumor cells in bone metastasis activate 
osteoclasts and promote bone destruction; secondly, 
ADT also stimulates bone resorption and reduces BMD; 
thirdly, in response to these, bone formation is promoted; 
and lastly, high-turnover osteoporosis is induced in 
bone-metastatic PC patients undergoing ADT. Given 
that denosumab, an anti-RANKL monoclonal antibody, 
blocks the action of osteoclasts and inhibits bone 
resorption, a rapid decrease in a bone resorption marker 
(uNTx) and a gradual decline in a bone formation marker 
(BAP) are seemingly reasonable. These explanations 
are supported by several studies which reported rapid 
decreases of bone resorption markers including serum 
C-telopepitide [24-27], [34], tartrate-resistant acid 
phospatase [26, 28-34], and uNTx [24, 31-33], and gradual 
declines of bone formation markers including procollagen 
type1 N-terminal propeptide [25-26] and BAP [24].

In the present study, there were no denosumab-related 
severe adverse events, which might be partly 
because of prophylactic measures: a dental examination 
for osteonecrosis of the jaw; and supplements containing 
calcium and vitamin D for hypocalcemia. Furthermore, 
in 12 patients with bone-metastatic PC, only a patient 
experienced SREs during the follow-up. Denosumab 
might contribute to a decrease in SREs as its originally 
expected effect, as well as an increase in BMD.

This study was limited by its retrospective design and 
small sample size. In addition, heterogeneity of concurrent 
therapies with denosumab (e.g. some patients used 
alternative ADT and docetaxel chemotherapy) could affect 
bone metabolism. Further studies with larger populations 
are needed to confirm these results.

In conclusion the impact of monthly 120 mg 
denosumab on bone metabolism was significant, but 
almost equivalent to that of the standard dose for 
osteoporosis (60 mg semiannually) after a year of initiation 
in bone-metastatic PC undergoing ADT. Whereas the 
higher dose has reportedly reduced SREs, the effect on 
bone metabolism seemed plateaued or showed no dose-
dependency.
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