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ABSTRACT… Background: Androgen deprivation therapy (ADT) with luteinizing hormone 
releasing hormone agonists (LHRHa) is a major treatment modality for prostate cancer (PC), 
particularly advanced disease. LHRHa induced hypogonadism promotes bone loss, leading to 
osteoporosis and heightened fracture risk. Most previous studies on skeletal impact of LHRHa 
employed bone mineral density (BMD) testing. Serum bone-specific alkaline phosphatase 
(BSAP), an established bone biomarker, is reflective of changes in skeletal metabolism which 
precede BMD changes. In postmenopausal women, serum BSAP has been associated with 
fracture risk irrespective of BMD. Setting: Charing Cross Hospital, London, United Kingdom. 
Methods: We assessed early changes in serum BSAP levels of patients with non-metastatic 
PC (n=9) undergoing LHRHa therapy. Serum testosterone and estradiol concentrations were 
also measured. Samples were taken at baseline before the start of treatment and three months 
afterward. Comparisons were made with blood samples taken at similar time points for age-
matched controls without PC (n=9). Results: No significant difference in BSAP levels was 
seen between groups (p=0.242). Testosterone and estradiol levels were significantly reduced 
following treatment (p=0.000). No correlation was observed between serum BSAP and serum 
testosterone (R=0.187, p=0.276) or serum estradiol (R=0.055, p=0.75). Conclusions: 
Changes in serum BSAP levels may not be evident as early as 3 months following ADT with 
LHRHa. The study was limited by the small sample size and use of serum BSAP only which 
is one of the many bone markers. A larger study using multiple bone markers is warranted to 
determine early effects of LHRHa treatment on bone metabolism.
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INTRODUCTION
Prostate cancer is a common male malignancy 
with an ever increasing global health-economic 
burden.1 The androgen-dependent nature of 
prostate cancer makes androgen deprivation 
therapy (ADT) a key treatment option particularly 
in patients with advanced disease.2 The iatrogenic 
reduction in serum testosterone and estradiol 
seen in prostate cancer (PC) patients following 
ADT with luteinizing hormone releasing hormone 
agonist (LHRHa) leads to reduction in bone mass, 
osteoporosis and heightened fracture risk.3,4 
Several studies have looked at the impact of ADT 
on skeletal health and its detrimental effects are 
now widely recognized. Most of the studies done 
previously have employed bone mineral density 
(BMD) testing as a measure of bone loss. A 

decline in BMD after initiation of LHRHa treatment 
is suggestive of bone loss which predisposes to 
fractures.5-12

PC has a strong tendency toward bone 
metastases which disrupt skeletal homeostasis, 
resulting in elevated serum levels of biochemical 
markers of bone metabolism.13 These markers 
are associated with higher mortality and fracture 
rates in patients with metastatic disease.14 
Alkaline phosphatase is one such marker which 
is derived from several sources including liver, 
bone, kidneys, spleen, intestines and placenta.15

Serum bone specific alkaline phosphatase (BSAP), 
a marker of osteoblast activity, can potentially be 
utilised as an early indicator of development of 
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osteoporosis and associated fragility fractures.16 
Changes in serum levels of BSAP precede 
changes in BMD. In postmenopausal women, 
serum BSAP is associated with fracture risk 
irrespective of BMD.17 This study was aimed at 
determining early changes in serum BSAP in 
patients with non-metastatic PC following initiation 
of ADT with LHRHa and to relate those changes 
to serum testosterone and oestradiol levels.

METHODS
The study was conducted at Charing Cross 
Hospital, London, United Kingdom. A longitudinal 
study design was employed. Patients with PC 
(n=9) between the ages 50 to 75 years who 
were to begin ADT with LHRHa for either newly 
diagnosed advanced non-metastatic disease or 
as adjuvant or neoadjuvant to RT for localised 
disease provided blood samples for the study. 
Written informed consent was obtained and 
blood samples were taken at baseline before 
starting treatment and three months afterward. 
Comparisons were made with blood samples taken 
at similar time points from age-matched controls 
without PC (n=9). Samples were centrifuged at 
3000 rpm for 10 minutes and separated serum 
was stored at -80oC until assayed.

Serum BSAP, testosterone and estradiol 
assays 
Serum samples were analysed at Imperial Clinical 
Chemistry Laboratory, Charing Cross Hospital for 
quantitative determination of BSAP, testosterone 
and oestradiol using commercially available kits. 
Serum BALP was measured using the Metra® 
BALP enzyme immunoassay (EIA) kit (Quidel® 
Corporation, San Diego, California, USA) (18). 
Serum testosterone and estradiol were measured 
by their respective ARCHITECT® assays (Abbott 
Laboratories, Abbott Park, Illinois, USA) using 
Chemiluminescent Microparticle Immunoassay 
(CMIA) technology with Chemiflex™ protocol 
(Abbott Laboratories, Abbott Park, Illinois, USA). 
The lowest detection limits of the assays were 
0.45 nmol/L and 37 pmol/L for testosterone and 
estradiol respectively.19,20

Statistical analysis
The data were entered into and analysed using 

SPSS version 22.0 (SPSS Inc, Chicago, Illinois, 
USA). Mean + S.E.M was calculated for normally 
distributed quantitative variables. One-way 
ANOVA was applied to observe group mean 
differences and post-hoc Tukey test was applied 
to observe which group means differ. Pearson’s 
correlation was applied to observe correlation 
between BALP and serum sex hormone levels. 
A p-value of <0.05 was considered statistically 
significant.

RESULTS
The BSAP range of control group was 20.4-65 U/L 
(mean 32.01 U/L) at baseline and 24.0-65.2 U/L 
(mean 36.14 U/L) at 3 months. The BSAP range 
of study group was 16.7-34.4 U/L (mean 26.15 
U/L) at baseline and 5.7-45.6 U/L (mean 26.17 
U/L) at 3 months after start of ADT. No significant 
difference in BSAP levels was observed between 
groups (p=0.242) (Table-I). The testosterone 
range of control group was 9.19-27.70 nmol/L 
(mean 15.72 nmol/L) at baseline and 9.41-22.55 
nmol/L (mean 14.85 nmol/L) at 3 months. The 
testosterone range of study group was 9.31-
21.40 nmol/L (mean 17.04 nmol/L) at baseline 
and 0.45-1.42 nmol/L (mean 0.66 nmol/L) at 3 
months after start of ADT. Significant difference 
in testosterone levels was observed between 
groups (p=0.000) (Table-I). The estradiol range 
of control group was 46-175 pmol/L (mean 102.78 
pmol/L) at baseline and 56-131 pmol/L (mean 
93.78 pmol/L) at 3 months. The estradiol range 
of study group was 51-147 pmol/L (mean 90.56 
pmol/L) at baseline. The mean value of estradiol 
in the study group at 3 months after start of ADT 
was 37 pmol/L. Significant difference in estradiol 
levels was observed between groups (p=0.000) 
(Table-I). Figure-1 depicts the group comparisons 
between the mean values of study parameters.

After applying post-hoc Tukey test, testosterone 
levels were significantly lower in the study group 
at 3 months than the study group at baseline as 
well as the control group at both assessments 
(baseline and 3 months) (p=0.001). Estradiol 
levels of study group at 3 months assessment 
were significantly lower than estradiol levels 
of study group at baseline assessment and 
control group at both time points (baseline and 
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3 months) (p<0.001). No significant correlation 
was observed between serum BSAP and serum 
testosterone (R=0.187, p=0.276) (Figure-2.) or 
serum estradiol (R=0.055, p=0.75) (Figure-3).

DISCUSSION
As both osteoblastic and osteolytic processes 
are involved in bone remodelling and turnover, 
metabolites of bone formation and resorption 
have been used to assess changes in skeletal 
homeostasis in several clinical contexts but such 
data are limited in the setting of ADT with LHRHa 
in PC. The present study looked at early changes 
in serum BSAP levels of patients undergoing ADT 
for PC. No change was observed in serum BSAP 
levels after 3 months of commencement of ADT 
(Table-I, Figure-1) although serum testosterone 
and estradiol levels were significantly reduced as 
compared to baseline concentration and control 
group (p<0.001). No correlation was found 
between serum sex hormone and BALP levels 
(Figures-2,3). Unlike these findings, a previous 
study by Greenspan et al. showed a rise in bone 
turnover markers in men on ADT for PC. Serum 
BSAP, osteocalcin, procollagen type 1 amino-
terminal propeptide and urinary N-terminal 
telopeptide of type I collagen (NTX) were elevated 
in men receiving ADT (n=30) compared with non-

Parameter
Control group n=9

Mean + S.E.M
Study group n=9

Mean + S.E.M P-value
Baseline 3 months Baseline 3 months

BSAP (U/L) 32.01 + 4.69 36.14 + 4.94 26.15 + 2.22 26.17 + 3.62 0.242
Testosterone (nmol/l) 15.72 + 1.89 14.85 + 2.05 17.04 + 1.47 0.66 + 0.14 0.000*
Estradiol (pmol/l) 102.78 + 13.41 93.78 + 7.45 90.56 + 9.35 37.00 + 0.00 0.000*

Table-I. Group characteristics of BSAP, testosterone and estradiol
*Difference is significant at p<0.05
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Figure-1. Mean BSAP, testosterone and 
estradiol levels in control and study groups at 

baseline and 3 months assessments

Figure-2. Scatter diagram of serum testosterone and 
BSAP levels

Figure 3. Scatter diagram of serum estradiol and BSAP 
levels
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ADT users (n=72) and healthy controls (n=43) 
after 12 months (p<0.05). Urinary NTX was also 
elevated after 6 months in men on ADT compared 
with men not on ADT (p<0.05).21 Greenspan et 
al. measured bone markers at 6 and 12 months 
from baseline whereas in the present study, 
BSAP was measured at 3 months from baseline. 
Further, the patients in the current study were 
ADT-naïve at baseline while patients included in 
the study by Greenspan et al. were already on 
ADT (mean duration of ADT at baseline was 2.9 
+ 1.5 months). 

In another study, Morote et al. showed increased 
serum BSAP levels in patients with non-metastatic 
PC receiving combined androgen blockade 
(n=35) over a 5 year follow-up period. After 5 years, 
there was a 65% increase in mean serum BSAP 
concentration from the baseline pre-treatment 
values. The increase was highest (32% from 
baseline) after the first year of commencement of 
treatment.22 Morote et al. measured BSAP levels 
annually for five years but changes in BALP levels 
immediately after castration were not determined.

The present results suggest that biochemical 
changes in skeletal metabolism as reflected by 
serum BSAP levels may not be evident as early 
as 3 months following ADT with LHRHa. However, 
this study is limited by the small sample size and 
comparison involving baseline and 3 month 
assessments. Another important limitation is the 
use of serum BALP measurements only which is 
one of the many markers of bone turnover. A larger 
prospective future study using serial assessments 
of multiple markers will help in determining the 
effects of acute reduction in sex hormones as a 
result of ADT on bone metabolism.
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