
Abstract. Background/Aim: To evaluate bone mineral
density (BMD) in Japanese patients with prostate cancer
(PCa) after administering androgen deprivation therapy
(ADT) for 2 years. Patients and Methods: A total of 84
Japanese patients with PCa were enrolled in this study
during the period 2008-2011. BMD was measured by dual
energy X-ray absorptiometry, every 6 months. The fracture
risk assessment tool (FRAX) score was calculated before
starting ADT. We evaluated the change in BMD over a 2-
year period and the relationship between this change, the
FRAX score, and the estimated glomerular filtration rate
(eGFR). Results: Compared to baseline, BMD decreased by
2.50% at 6 months after ADT, by 4.28% after 12 months, by
5.34% after 18 months, and by 6.16% after 2 years (all
p<0.05). Multivariate analysis revealed that the eGFR,
according to a threshold rate of 73.5 ml/min, was a
significant factor in BMD. Conclusion: Lumbar BMD in
Japanese patients with PCa decreased by 4.28% at 1 year
after ADT and by 6.16% after 2 years. We found a
correlation between the decrease in BMD and the eGFR
before initiating ADT, suggesting a small BMD reduction in
patients with PCa who have good renal function.

Prostate cancer (PCa) is one of the most common
carcinomas in developed countries, including Japan (1).
PCa is known to be an androgen-dependent cancer and
controlling androgen levels is thus effective for its
suppression. Surgery and radiation therapy are often

applied for curative treatment of topical PCa, but androgen
deprivation therapy (ADT) is usually used in Japan as the
initial therapy in combination with radiation, and in cases
that are refractory to surgery. While ADT is highly
effective, various complications associated with its long-
term use may be problematic, including osteoporosis
accompanying a decrease in bone mineral density (BMD)
(2-4). A decrease in BMD is associated with an increased
incidence of bone fracture, and various complications are
believed to increase the mortality rate. A reduction in
muscle mass due to ADT may also contribute to an
increased risk of falls (5-6). Previous studies done in the
United States showed that BMD decreased by 2-8% in the
first year after ADT initiation (3, 7, 8). The fracture risk
assessment tool (FRAX) score has been used to predict the
incidence of bone-related events. The FRAX score was
developed by the World Health Organization to predict
fracture risk in patients according to the presence of clinical
risk factors, alone or in combination with femoral neck
BMD (9). It is a computer-based algorithm that calculates
the 10-year probability of hip and major osteoporotic
fractures (e.g., clinical spine, forearm, hip, or shoulder
fracture) according to age, sex, body mass index, and
clinical risk factors (10, 11). No study has reported on the
relationship between the FRAX score before ADT and the
change in BMD after initiating ADT treatment in Japanese
patients with PCa. In this study, we measured the effect of
administering a luteinizing hormone-releasing hormone
(LHRH) agonist on BMD in patients with PCa over 2 years
and examined the relationship between the change in BMD
and FRAX score before treatment. Chronic kidney disease
(CKD) can lead to disturbed mineral homeostasis,
increasing or decreasing the circulating levels of calcium,
phosphorus, fibroblast growth factor 23, vitamin D, and
parathyroid hormone. This effect on mineral homeostasis
may be associated with increased bone fragility (12, 13).
Therefore, we examined renal function before the start of
ADT and examined the degree of change in BMD after
administration of ADT. 
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Patients and Methods

We conducted an investigator-initiated, prospective, single-arm,
open-label trial. The primary objective of the study was to evaluate
the change in lumbar spine BMD after administration of ADT for 2
years in Japanese patients. A total of 103 Japanese patients with PCa
were enrolled in this study during the period 2008-2011. All patients
were pathologically diagnosed with PCa and followed-up at Gunma
University Hospital (Gunma, Japan). A retrospective study was
conducted on 84 of the patients, who were followed for 2 years. Of
the 19 patients who were lost to follow up, 1 died of rectal cancer
and the other 18 were transferred to another institution. The
characteristics of the 84 patients are shown in Table I. The mean
age of the 84 patients was 70.3 years; the median prostate-specific
antigen (PSA) level before administration of ADT was 10.1 ng/ml.
The clinical stages of the patients were T1cN0M0 (n=30), T2N0M0
(n=23), T3N0M0 (n=29), and T4N1M1 (n=2). Two patients had
bone metastases and lymph node metastasis. Eighteen patients
underwent combined-androgen blockade (CAB) with bicalutamide.
Among the 84 cases studied, no patient was administered
medications for osteoporosis (bisphosphonates, vitamin D, calcium
preparations, etc.) during the 2-year study period. All patients were
administered leuprolide as ADT. A dose of 3.75 mg was
administered only at the start of treatment, with 11.25 mg being
administered every 3 months thereafter. Seventy patients (83.3%)
underwent radiation treatment (external beam radiation therapy) for
curative purposes; the other fourteen patients received ADT only.
No events, such as fractures, occurred in any case during the
observation period. In total, 5 patients (6.0%) had diabetes, 13
(15.5%) had heart disease, 17 (20.2%) had hypertension, and 4
(4.8%) had a history of other carcinoma treatments. The estimated
glomerular filtration rate (eGFR), used as an indicator of kidney
function, was calculated by substituting sex, age, weight, and serum
creatinine level (mg/ml) data into the Cockcroft–Gault formula. The
Ethics Committee for Clinical Studies of Gunma University
Graduate School of Medicine approved this study, and written
consent was obtained from all enrolled patients.

BMD measurements. BMD was measured in our hospital during the
period 2008-2011 by dual energy X-ray absorptiometry (DXA)
using a Hologic DXA scanner (Hologic, Bedford, MA, USA). The
BMD, in grams per square centimeter, was measured in the lumbar
spine. We measured BMD by DXA at pre-treatment and at 6, 12,
18, and 24 months after starting ADT treatment. The BMD after
initiating treatment was compared with the pre-treatment BMD.

FRAX scoring. The FRAX score was calculated before starting ADT.
The FRAX tool (https://www.sheffield.ac.uk/FRAX/tool.jsp?
lang=jp) was used to compute the probability of a major osteoporotic
event or a hip fracture: in this study, we used the Japanese version
of the instrument. Date of birth, weight (kg), height (cm), and
various clinical risk factors (history of fracture, history of hip
fracture in a parent, tobacco smoker, current use of glucocorticoids,
rheumatoid arthritis, secondary osteoporosis, and daily consumption
of ≥3 units of alcohol; all yes/no responses) were entered into the
FRAX tool, and the fracture probability was calculated for each
subject. Because we could not obtain the femoral neck BMD data,
we did not enter this variable into FRAX. ADT was performed, and
the questionnaire items pertaining to the presence or absence of
secondary osteoporosis examined, in all cases.

Statistical analysis. Numerical data were compared using Student’s
t-test. Correlations among variables were determined using binomial
logistic regression analysis. In all analyses, p-values <0.05 were
considered significant. We conducted the statistical analysis using
SPSS software (ver. 24.0; IBM Corp., Armonk, NY, USA).

Ethics approval and consent to participate. The Ethics Committee
for Clinical Studies of the Gunma University Hospital approved this
study, and written consent was obtained from all of the enrolled
patients. It was performed in accordance with the principles of the
Declaration of Helsinki. All patients provided written informed
consent.

Results

The pre-treatment parameters of the 84 cases are summarized
in Table II. Mean lumbar spine BMD was 1.025±0.200
mg/cm2. Mean serum creatinine was 0.80±0.18 mg/ml, and
the mean eGFR calculated based on serum creatinine was
73.5±5.40 ml/min. Among all patients, the median 10-year
probability of fracture according to the risk factors entered
into FRAX was 23.0±2.8%. The median 10-year probability
of a major osteoporotic fracture was 9.6±3.4%. The median
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Table I. Clinical characteristics of the patients.

Characteristic                                                                  

No. of patients                                                               84
Age (years, mean±SD)                                            70.3±5.4
Initial PSA level (ng/ml, median±SD)                  10.1±53.3 
Height (cm, mean±SD)                                          163.8±5.5
Body weight (kg, mean±SD)                                  62.3±8.3
BMI (mean±SD)                                                     23.0±2.8

                                                 No. of patients        Proportion of patients

Stage
   T1cN0M0                                        30                               35.7%
   T2N0M0                                         23                               27.4%
   T3N0M0                                         29                               34.5%
   T4N1M1                                          2                                 2.4%
GS                                                                                               
   6                                                        3                                 3.6%
   7                                                       36                               42.9%
   8                                                       21                               25.0%
   9                                                       20                               23.8%
   10                                                      4                                 4.8%
Surgery plus radiation                       70                               83.3%
ADT alone                                         14                               16.7%
Medical history                                                                          
   Diabetes                                           5                                 6.0%
   Heart disease                                   13                               15.5%
   Hypertension                                   17                               20.2%
   Other carcinoma                              4                                 4.8%

PSA: Prostate-specific antigen; SD: standard deviation; BMI: body mass
index; GS: Gleason score; ADT: androgen deprivation therapy.



10-year probability of a hip fracture was 3.6±2.6%. BMD
tended to decrease with time, but the decline at 1 year after
treatment tended to be proportionally larger than that
between 1 and 2 years after treatment.

Table III shows changes in BMD during the 2-year period
after starting ADT. Relative to baseline, BMD decreased by
2.50% at 6 months after ADT, by 4.28% at 12 months, by
5.34% at 18 months, and by 6.16% at 2 years (all p<0.05).

Univariate and multivariate analyses were performed to
determine whether or not the decrease in BMD at 2 years
after ADT was less than 6.16%: the results are shown in Table
IV. The only factor that remained significant in the
multivariate analysis was the eGFR (≥73.5 vs. <73.5 ml/min).
No significant correlation was detected between the rate of
bone-related events (calculated by reference to the FRAX
score) and the rate of change in BMD. 

Discussion

ADT causes a reduction in BMD, thus resulting in an
increased frequency of osteoporosis and fractures. Previous
reports showed that BMD decreases by 2-8% in the first year
after ADT initiation (3, 4, 7). The BMD decline in men
treated with ADT may be greater compared with the 2.5%
decrease per year reported for post-menopausal women (14).
Maillefert et al. showed that lumbar spine BMD decreased
by 7.1% after ADT treatment combined with 18 months of
LHRH agonist administration in 12 patients with PCa (7).
Miyaji et al. showed that, in 27 Japanese patients without

bone metastasis in 2004, the median lumbar spine BMD
decreased significantly, from 0.966 to 0.937 g/cm3
(p=0.047), after 2 years of ADT (15). Based on these data,
ADT for 2 years resulted in an approximately 3% reduction
in BMD. Thus, there was an almost two-fold difference in
the rate of reduction in BMD after ADT initiation between
Miyaji et al. and the present study. Differences in sample
size (84 cases in the present study, 27 cases in Miyaji et al.)
and patient characteristics may have had an effect, and our
results were similar to those of western studies (2-8). 

With reference to the likelihood of fractures (as determined
by FRAX), it may be useful to consider osteoporosis
treatment in patients undergoing ADT treatment (9, 10). Prior
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Table II. Baseline characteristics of the patients. 

Characteristic                                                                               

BMD (mg/cm2, mean±SD)                                               1.025±0.20
Serum creatinine (mg/ml, median±SD)                             0.80±0.18
eGFR (ml/min, median±SD)                                              73.5±5.40

FRAX item                                                                  No. of patients (%)

Previous fracture                                                                  4 (4.8%)
Parent fractured hip                                                             3 (3.6%)
Current smoker                                                                  20 (23.8%)
Glucocorticoid                                                                      1 (1.2%)
Rheumatoid arthritis                                                              0 (0%)
Alcohol use (≥ 3 units/day)                                               29 (34.5%)

FRAX results                                                                  %, median±SD

10-year probability of fracture                                            23.0±2.8
10-year probability of a major osteoporotic fracture             9.6±3.4
10-year probability of hip fracture                                       3.6±2.6

BMD: Bone mineral density; eGFR: estimated glomerular filtration rate;
FRAX: fracture risk assessment tool.

Table III. Absolute change (mg/cm2) and percent change in bone
mineral density from baseline.

                                                       Pre       6 m     12 m      18 m     24 m

Mean                                             1.025    0.996    0.961     0.961     0.958
SD                                                 0.200    0.196    0.194     0.184     0.191
Minimum                                      0.595    0.511    0.511     0.515     0.498
Maximum                                     1.572    1.574    1.427     1.427     1.541
Percent change from baseline         -        –2.50    –4.28     –5.34     –6.16

SD: Standard deviation.

Table IV. Factors predicting a decrease in BMD, at 2 years after
initiation of ADT, of less than 6.16%: results of univariate and
multivariate analyses.

                                                             Univariate          Multivariate

                                                         p-Value     HR    p-Value    95%CI

Age                                                     0.403                                       
BMI                                                    0.511                                       
Initial PSA                                         0.605                                       
GS                                                      0.658                                       
Presence of DM                                0.167         -        0.202            
Presence of heart disease                 0.763                                       
Presence of hypertension                 0.786                                       
CAB                                                   0.595                                       
eGFR (≥73.5 vs. <73.5 ml/min)       0.010    –1.179   0.010  0.126-0.752
10-year probability of fracture         0.742         -        0.613            
10-year probability of a major 
osteoporotic fracture                        0.583         -        0.743            

10-year probability of hip fracture   0.399         -        0.602            
BMD before ADT                             0.360         -        0.263            

BMI: Body mass index; PSA: prostate-specific antigen; GS: Gleason
score; DM: diabetes mellitus; CAB: combined androgen blockade;
eGFR: estimated glomerular filtration rate; BMD: bone mineral density;
ADT: androgen deprivation therapy; HR: hazard ratio; CI: confidence
interval.



to our analysis, we predicted that patients with high fracture
risk, as calculated by FRAX, would show a greater decline in
BMD, but the results did not support this. A logistic binomial
analysis was conducted to examine whether there was a
correlation between FRAX fracture risk and BMD; however,
no significant correlation was found, suggesting that the risk
of fracture calculated by FRAX is to calculate the possibility
of the last fracture, indicating that it does not correlate with
the decrease in BMD. As there were no bone-related events
among our study population during the observation period,
such as fractures, it was not possible to examine the
correlations among fracture risk on FRAX, BMD, and bone-
related events. We aim to extend the observation period in
future studies. Multivariate analysis revealed that the eGFR
(median=73.5 ml/min) at ADT initiation was related to the
degree of decrease in BMD. Regardless of whether or not
ADT is administered, bone management of patients with
CKD is important because kidney function is related to bone
mineral content (12, 13). However, the optimal eGFR cutoff
value for predicting reduced BMD is unknown. Therefore, a
future study is necessary to ascertain this. 

This study had certain limitations. For example, it is
necessary to measure femoral neck BMD when calculating
the FRAX score. However, our unique results regarding
changes in BMD over 2 years following ADT initiation, in
a comparatively large sample of Japanese patients with PCa,
are important for informing future bone management of such
patients.

Conclusion

We found that the lumbar BMD of Japanese patients with
PCa who underwent ADT decreased by 4.28% at 1 year and
by 6.16% at 2 years. In addition, multivariate analysis
showed that the decrease in BMD was correlated with the
eGFR before initiating ADT, suggesting a small BMD
reduction in patients with PCa and good renal function. 
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