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A B S T R A C T

Purpose
To investigate changes in bone mineral density (BMD) and fracture risk in men who received
intermittent androgen deprivation (IAD) for nonmetastatic, hormone-sensitive prostate cancer.

Patients and Methods
Men with prostate cancer who lacked radiographically detectable metastases were treated in a
prospective trial of IAD. After 9 months of treatment with leuprolide and flutamide, androgen
deprivation therapy (ADT) was stopped until prostate-specific antigen reached a threshold (1
ng/mL for radical prostatectomy; 4 ng/mL for radiation or primary ADT) for a new cycle.
Dual-energy x-ray absorptiometry (DXA) scans were performed before starting ADT and subse-
quently with each change in therapy. At least two consecutive DXA scans were required for this
analysis. Computed tomography, bone scintigraphy, and lumbar spine x-rays were performed at
the beginning and end of each treatment period.

Results
Fifty-six of 100 patients met criteria for this analysis. The median age at study entry was 64.5 years
(range, 49.8 to 80.9 years). The average percentage change in BMD during the first on-treatment
period was �3.4% (P � .001) for the spine and �1.2% (P � .001) for the left hip. During the first
off-treatment period (median, 37.4 weeks; range, 13.4 weeks to 8.7� years), BMD recovery at the
spine was significant, with an average percentage change of �1.4% (P � .002). Subsequent
periods had heterogeneous changes of BMD without significant average changes. After a median
of 5.5 years (range, 1.1 to 13.8�) years on trial, one patient (1.8%) had a compression fracture
associated with trauma.

Conclusion
Patients experienced the greatest average change in BMD during early treatment periods of IAD
with a smaller average change thereafter. Fractures were rare.

J Clin Oncol 30:1864-1870. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Androgen deprivation therapy (ADT), which is
achieved through orchiectomy or gonadotropin-
releasing hormone agonists or antagonists, is an
established first-line therapy for patients with
metastatic disease and is commonly used to treat
nonmetastatic, biochemically recurrent prostate ca-
ncer.1-4 Men with biochemically recurrent disease
alone may live for many years5 and experience long-
term exposure to ADT. Prolonged ADT may lead to
significant treatment-related toxicities, such as hot
flashes, changes in sexual function and libido, hy-
perlipidemia, increased cardiac risk, and changes in
body composition.6-8 ADT also reduces bone min-
eral density (BMD), which increases risk of develop-

ing osteoporosis and skeletal fractures in men with
prostate cancer.9-12 In the first year of therapy, men
who undergo ADT have a five- to 10-fold higher rate
of bone loss, and risk of fracture increases with in-
creasing duration of ADT.10,13 These factors are im-
portant contributors to the morbidity associated
with ADT.

Because of issues with toxicity, along with cost
and efficacy of continuous ADT, multiple random-
ized studies of intermittent androgen deprivation
(IAD) versus continuous ADT have been per-
formed.14,15 There have not been differences in effi-
cacy, but there is evidence of less toxicity in patients
treated with IAD. Recently, a large trial of IAD versus
continuous ADT for men with biochemically recur-
rent prostate cancer after radiation revealed an equal
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overall survival, which suggested that IAD should be the standard of
care for patients who are treated with ADT in this setting.14 Although
quality-of-life data from this trial has only been partially presented,
with IAD leading to improvements in hot flashes and sexual adverse
effects,14 IAD has been shown to improve quality-of-life during the
off-treatment periods in multiple other studies.16-18 There is, however,
limited information on the potential for IAD to attenuate the loss of
BMD or fractures. We explored long-term changes in BMD and
fracture rates over the course of IAD for men with nonmetastatic,
hormone-sensitive prostate cancer.

PATIENTS AND METHODS

Study Design

In 1996, a prospective trial of IAD for biochemically recurrent or locally
advanced prostate cancer was initiated with study end points of BMD, lean
body mass, weight, body mass index, and cognitive and psychological func-
tion.19 Key eligibility requirements included a histologic diagnosis of prostate
cancer, previous therapy with radical prostatectomy or definitive radiation
with at least two consecutive increases in prostate-specific antigen (PSA) � 2
weeks apart, original American Urological Association stage A2-D1, no detect-
able metastasis by using a bone scan and computed tomography (CT) scan,
Eastern Cooperative Oncology Group performance status 0 or 1 (ie, none or
limited effect of disease on daily living abilities), and pretreatment testosterone
levels greater than 100 ng/dL. Late enrollment was permitted for patients with
biochemical relapse or localized disease who underwent primary ADT as long
as the duration of therapy was less than 10 months. Patients could have
received previous ADT for the neoadjuvant, adjuvant, or salvage setting as long
as the ADT duration was � 3 months and it was completed � 1 year before the
patient otherwise met eligibility criteria.

To be eligible for analysis, the patient must have had a baseline
pre-ADT DXA and at least two consecutive DXAs at the spine and left hip.
The patient also could not have been taking bisphosphonates before or at
the time relevant DXA scans were obtained. As a result of late enrollment
and other logistic factors, not all 100 patients in the IAD study were eligible
for the BMD analysis (Fig 1).

Before starting ADT, formal nutrition and physical therapy consulta-
tions were obtained to advise patients about optimal calcium and vitamin D
intake, weight-loss strategies, and proper exercises to maintain BMD and

prevent weight gain. Bone and CT scans were performed for the determination
of eligibility, and a baseline dual-energy x-ray absorptiometry (DXA) scan was
obtained when feasible. After all baseline studies and consultations were ob-
tained, flutamide 250 mg three times daily was started approximately 2 weeks
before the start of luteinizing hormone-releasing hormone agonist. Flutamide
was continued, and patients were treated with a total of 9 months of combined
ADT (Fig 2). At the end of the 9 months of therapy, new imaging studies,
including bone, CT, and DXA scans were performed, and ADT was stopped
provided that the PSA value was � 1 ng/mL and not rising. When the PSA
exceeded an arbitrary, prespecified threshold (1 ng/mL for radical prostatec-
tomy; 4 ng/mL for radiation or primary ADT), a new cycle was initiated with
another 9 months of ADT, and new imaging studies were repeated. PSA and
testosterone levels were measured monthly, and bone biomarkers were mea-
sured every 3 months throughout IAD therapy. Each cycle of therapy consisted
of a 9-month on-treatment period and a variable off-treatment period. The
protocol was amended in 2002 to include lateral lumbar spine films. If a patient
had a prolonged off-treatment period � 1 year, DXA, CT, and bone scans were
obtained annually. All patients continued cycling on and off therapy until the
development of castration resistance, which was defined as at least two serial
increases in PSA while undergoing ADT with a castrate level of testosterone less
than 50 ng/dL.

)44 = n( elbigile toN
)52 = n( AXD enilesab oN  

  On bisphosphonates at baseline (n = 7)
  Inadequate number of serial DXAs (n = 8)
  Did not complete entire first cycle (n = 3)
  Not eligible for IAD trial resulting (n = 1)
    from positive bone scan

)65 = n( elbigilE
)65 = n( sisylana DMB  

  Bone biomarker analysis (n = 56)

Enrolled onto prospective trial of
intermittent androgen deprivation

(N = 100)

Eligibility for analysis
  Completed 1 full cycle of IAD per protocol
  A minimum of at least a pre-ADT baseline DXA
    with at least 2 consecutive DXA scans
  No use of bisphosphonates prior to or between
    DXA scans

Fig 1. CONSORT diagram shows the ratio-
nale for selection of the 56 patients from the
clinical trial for the analysis. ADT, androgen-
deprivation therapy; BMD, bone mineral den-
sity; DXA, dual-energy x-ray absorptiometry;
IAD, intermittent androgen deprivation; PSA,
prostate-specific antigen.
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Fig 2. Study schema illustrates one full cycle of intermittent androgen depri-
vation. Cycles were repeated until the development of castration resistance or
death. Dual-energy x-ray absorptiometry (DXA) scan at baseline with at least
two consecutive DXA scans were required to be eligible for this analysis. (*)
The prostate-specific antigen threshold for radiation therapy or primary androgen-
deprivation therapy (ADT) was 4 ng/mL and for radical prostatectomy was
1 ng/mL.
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Statistical Analysis Methods

The primary objective of the analysis was to determine the long-term
effects of IAD on BMD and fracture risk. The mean change and average
percentage change in BMD relative to baseline and the previous DXA mea-
surement were reported at both the spine and left hip. Because DXA was
measured by using both the Hologic-4500 (Hologic, Bedford, MA) and Lunar
Prodigy (General Electric, Madison, WI) bone densitometers, spine and hip
measurements were standardized by using methods that have been deemed
suitable for population studies.20,21 Patients who eventually started bisphos-
phonate therapy were censored from the analysis at that time point.

We calculated averages and 95% CIs for absolute and percentage changes
in spine and left-hip BMD across patients within each on- and off-treatment
period. Changes in BMD across cycles are illustrated relative to baseline, but
the statistical significance of changes in BMD across cycles were tested relative
to previous DXA by using t tests with alternative hypotheses negative average
change in BMD during on-treatment periods and positive average change in
BMD during off-treatment periods.

We estimated the correlation between BMD and other important bio-
markers by using multivariate linear mixed models. In each model, the multi-
variate response contained BMD (spine or left hip) and a biomarker
(testosterone, urine N-telopeptide, or alkaline phosphatase) for a total of six
models; each model included a patient-specific random intercept, and the
cycle number and an indicator of on- or off-treatment were the only covari-
ates. Models were estimated by using the R package MCMCglmm,22 and P
values were derived by using a grid search of credible intervals from poste-
rior samples.

RESULTS

Patient Characteristics

Between June 1996 and September 2006, 100 patients were ac-
crued within the IAD trial (Fig 1). Fifty-six patients were eligible for
this analysis. Of patients who were ineligible, 25 patients registered late
and, therefore, did not have a baseline DXA, seven patients were taking
bisphosphonates at baseline, eight patient did not have the required
serial DXAs, three patients did not complete a full cycle of ADT (one
patient chose to leave the study to pursue alternative therapies, one
patient moved/transferred care before the end of the first on-
treatment period, and one patient developed progressive disease), and
one patient was ineligible as a result of the presence of metastatic
disease at baseline.

Baseline patient characteristics of the 56 evaluable patients are
listed in Table 1. The median age at study entry was 64.5 years (range,
49.8 to 80.9 years) with a median baseline spine BMD T score of 0.02
(range, �2.48 to 4.64) and a median baseline left-hip BMD T score of
�0.14 (range, �2.53 to 2.70). The median number of ADT cycles
completed was three (range, one to nine), and the median duration in
the trial was 5.5 years (range, 1.1 to 13.8� years). Fifteen patients were
still in the trial with data censored on June 23, 2011. Eight patients
were started on bisphosphonates while in the study during IAD (five
patients started during the first off-treatment period, two patients
started during the second off-treatment period, and one patient
started during the fifth on-treatment period). The median time to the
start of bisphosphonates for these eight patients was 13 months
(range, 9 to 62 months).

Change in BMD Relative to Last DXA by ADT Cycle

After the first 9 months of ADT, the absolute change in stan-
dardized average BMD was �0.04 g/cm2 (P � .001, Fig 3) at the
spine and �0.01 g/cm2 (P � .001, Fig 4) at the left hip. The average

Table 1. Patient Demographics and Clinical Characteristics

Demographic or Clinical Characteristic
No. of

Patients

Age at study start, years
40-50 1
50-60 14
60-70 26
70-80 14
80-90 1

Race
White 53
African American 2
Asian 1

Primary treatment
Radical prostatectomy 40
Radiation therapy 13
Primary androgen deprivation therapy 3

Baseline bone mineral density at spine, T score
� 2.5 3
1.0-2.5 18
0.0-1.0 8
�1.0 to 0.0 16
�2.5 to �1.0 11

Baseline bone mineral density at left hip, T score
� 2.5 1
1.0-2.5 5
0.0-1.0 17
�1.0 to 0.0 19
�2.5 to �1.0 13
� �2.5 1

Baseline testosterone, ng/dL�

100-199 3
200-299 15
300-399 14
400-499 7
500-599 1
600-699 2

Previous ADT
None 51
Neoadjuvant 2
Adjuvant 3

Greatest No. of total cycles completed†
1-2 22
3-4 19
5-6 10
7-8 3
9-10 2

Bisphosphonate use
Added later during trial‡ 8
None 48

Calcium use
In the study 44
None 12

Vitamin D use
In the study 49
None 7

Abbreviation: ADT, androgen deprivation therapy.
�Forty-two of 56 patients had baseline testosterone levels measured.
†Fifteen of 56 patients are still in the study.
‡Initiation of bisphosphonates while on trial was allowed based on treating

provider discretion. Of the eight patients who eventually started bisphospho-
nates on trial, five patients were started for osteopenia, and three patients
were started for osteoporosis.
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percentage change in BMD from the first on-treatment period was
�3.4% (P � .001) for the spine and �1.2% (P � .001) at the left
hip. After the first off-treatment interval, the absolute change in stan-
dardized average BMD was �0.02 g/cm2 (P � .001) at the spine and
�0.00 g/cm2 (P � .648) at the left hip. The average percentage change
in BMD from the first off-treatment interval was �1.4% (P � .002) at
the spine and �0.2% (P � .721) at the left hip. Therefore, only BMD
recovery at the spine was statistically significant during the first off-
treatment period. Other than cycle 4 at the spine (Fig 3), none of the
subsequent cycles showed statistically significant changes in BMD at
either site.

BMD Changes During On- and Off-Treatment Periods

During the first on-treatment period, 44 of 55 patients (80.0%)
and 31 of 55 patients (56.4%) experienced a decrease in BMD in the

spine and left hip, respectively. During the first off-treatment period,
30 of 45 patients (66.7%) and 21 of 45 patients (46.7%) experienced an
increase in BMD at the spine and left hip, respectively. In subsequent
cycles, there was more variability in the BMD response to on- or
off-treatment periods (Fig 5). The average response to ADT on- and
off-treatment relative to baseline for each cycle is also shown in Figures
3 and 4.

Conversion to and From Normal (T score > �1.0),

Osteopenia (T score from �1.0 to 2.5), and

Osteoporosis (T score < �2.5)

Of the 56 eligible patients, 38 patients (67.9%) had a baseline
DXA BMD within a normal range both at the spine and left hip. Of
these 38 patients, five patients (13.2%) developed osteopenia during

A

No. at risk 56 55 45 34 24 26 19 18 11 12 9 6
Median years 0.0 0.8 1.5 2.1 2.8 3.5 4.6 4.8 5.7 6.3 6.9 8.3
Mean change -0.04 0.02 -0.01 0.01 -0.01 0.01 -0.02 0.00 -0.01 0.02 -0.02
P < .01 < .01 .12 .20 .25 .08 .02 .49 .36 .15 .21

B

No. at risk 56 55 45 34 24 26 19 18 11 12 9 6
Median years 0.0 0.8 1.5 2.1 2.8 3.5 4.6 4.8 5.7 6.3 6.9 8.3
Mean change -3.40 1.43 -0.45 0.75 -0.58 1.00 -1.32 -0.07 -0.63 1.80 -1.80
P < .01 < .01 .17 .24 .22 .11 .02 .54 .34 .15 .17

ADT On       ADT Off

Ab
so

lu
te

 L
ev

el
 o

f A
ve

ra
ge

Sp
in

e 
BM

D 
(g

/c
m

2 )

Cycle

1.8

1.6

1.4

1.2

1.0

0.8

0.6

1 2 3 4 65

Ch
an

ge
 in

 A
ve

ra
ge

 S
pi

ne
BM

D 
(%

)

Cycle

30

20

10

0

-10

-20

-30

1 2 3 4 65

ADT On       ADT Off

Fig 3. Average and 95% CIs of (A) absolute and (B) percentage change in
standardized average bone mineral density (BMD) relative to baseline at the spine
are represented in the line graph over multiple cycles of intermittent androgen
deprivation. Displayed below each graph are the number of patients at risk,
median years from initiation of androgen deprivation therapy (ADT), mean change
in spine BMD relative to last dual-energy x-ray absorptiometry scan, and P values
from one-sided t tests.
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Mean change -1.16 -0.22 0.48 0.33 -0.71 -0.35 0.10 -1.47 -1.61 0.47 -1.15
P < .01 .72 .89 .28 .11 .76 .56 .93 .06 .25 .22
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standardized average bone mineral density (BMD) relative to baseline at the left
hip are represented in the line graph over multiple cycles of intermittent androgen
deprivation. Displayed below each graph are the number of patients at risk,
median years from initiation of androgen deprivation therapy (ADT), mean change
in left-hip BMD relative to last dual-energy x-ray absorptiometry scan, and P
values from one-sided t tests.
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IAD (three patients developed osteopenia at the spine, one patient
developed osteopenia at the left hip, and one patient developed
osteopenia at both sites). Of these five patients, two patients were
eventually administered an oral bisphosphonate 1.1 and 5.2 years
from the initiation of ADT. None of these five patients developed
frank osteoporosis over a median of 8.0 years (range, 6.1 to 13.7
years) in the study.

Osteopenia was present in 17 of 56 patients (30.4%) at base-
line (four patients had osteopenia at the spine, seven patients had
osteopenia at the left hip, and six patients had osteopenia at both
sites). Interestingly, the BMD of four of 17 patients (23.5%) nor-
malized during IAD (all in the left hip) without bisphosphonates.
Of the remaining 13 patients with baseline osteopenia, four pa-
tients were eventually started on bisphosphonates after a median of
1.0 years (range, 36.5 weeks to 2.4 years) from the initiation of
ADT. One of these four patients developed osteoporosis despite
having received oral bisphosphonate therapy 2.4 years from the
start of ADT.

Only one of 56 patients (1.8%) had baseline osteoporosis at the
left hip with osteopenia at the spine. The patient was started on
bisphosphonates while on IAD, with resulting improvement of his
left-hip osteoporosis to osteopenia, but osteoporosis developed later
at the spine despite antiresorptive therapy.

Fracture Data

All CT scans, bone scans, and lumbar spine x-rays (available after
amendment in 2002) were analyzed for radiographic evidence of frac-
ture for all patients while in the study. Twenty-five of 56 patients
(44.6%) had at least one lumbar spine x-ray while in the study. After a

median duration within the study of 5.5 years (range, 1.1 to 13.8�
years), one patient (1.8%) with normal BMD had a compression
fracture of T12 after a fall from a ladder.

Testosterone and Bone Biomarker Analysis

Median baseline levels of testosterone, urine N-telopeptide,
and alkaline phosphatase were all within normal limits and were
320 ng/dL (range, 130 to 660 ng/dL), 26 nM bone collagen equiv-
alents/mM (range, 10 to 45 nM bone collagen equivalents/mM),
and 66 �g/L (range, 45 to 120 �g/L), respectively. The median time
to testosterone recovery to greater than 50 ng/dL was 91 days
(range, 0 to 308 days) and to greater than 100 ng/dL was 110 days
(range, 49 to 343 days). Six of 45 patients (13.3%) with consistent
off-cycle testosterone measurements maintained castrate testoster-
one levels without recovery during any off cycle, and nine of 45
patients (20.0%) maintained testosterone levels less than 100
ng/dL during any off cycle; thus, most patients resumed testoster-
one production even after many cycles into IAD. A change in spine
BMD was positively correlated with a change in testosterone (correlation,
0.18 [95% CI, 0.04 to 0.27]; P � .009) and negatively correlated with a
change in urine N-telopeptide (correlation, �0.31 [95% CI, �0.65
to �0.07]; P � .005) after the cycle number and on- or off-
treatment period were controlled for. The change in left hip BMD
was similarly positively correlated with a change in testosterone
(correlation, 0.16 [95% CI, 0.04 to 0.26]; P � .026) but not with a
change in urine N-telopeptide (correlation, 0.007 [95% CI, �0.26
to 0.153]; P � .966). Neither a change in spine nor change in left
hip BMD was correlated with a change in alkaline phosphatase.
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Fig 5. Number of patients with decreasing or nondecreasing (either stable or increasing) bone mineral density (BMD) between consecutive dual-energy x-ray
absorptiometry scans at the beginning of on- or off-treatment periods at the (A) spine or (B) left hip demonstrate the heterogeneity of patient BMD response to androgen
deprivation therapy (ADT).

Yu et al

1868 © 2012 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



DISCUSSION

To our knowledge, this study is the first to evaluate the dynamics of
BMD on IAD by looking at DXA scans relative to the treatment
cycles of IAD. Instead of measuring BMD at baseline and predeter-
mined time points after the initiation of ADT, as was done in the
only other report of BMD changes after IAD,23 DXA scans were
performed at the beginning of each on- and off-treatment period
to more directly assess the impact of testosterone depletion and
recovery on BMD changes.

Patients administered IAD have a net improved quality of life
with fewer hot flashes and reduced sexual adverse effects.14,16-18 How-
ever, there is currently no definitive information on the long-term
effects of IAD on BMD, which is a strong predictor of fracture risk.24

On the basis of this trial, patients who were able to remain on IAD for
numerous cycles eventually experienced stabilization in BMD with
long-term BMD levels that seemed to fall just slightly below baseline.
The median period within the study for our patients was 5.5 years
(range, 1.1 to 13.8� years), and during this entire period, there was
only one fracture associated with trauma in a patient with normal
BMD. Although these trials cannot be directly compared, another
study of men without metastatic disease who received continuous
ADT reported a fracture rate of 3.9% (in the placebo arm) at 3 years in
673 patients.25 However, most patients were not followed from the
initiation of ADT because the median time of ADT before study entry
was 20.4 months.

Although we hypothesized that BMD would decline during ADT
and increase during testosterone recovery in the off-treatment period,
our data showed substantial heterogeneity. This heterogeneity was
likely due to a delayed response in DXA scans relative to hormonal
changes in either direction. Although the DXA scan shows the actual
BMD at that time point, it does not necessarily reflect the actual
biology that underlies any changes. Changes in BMD during the off
cycles are a function of the time to recovery of testosterone and, hence,
estrogen. Thus, changes in BMD, as measured by DXA, may not
accurately reflect the real-time biology of the bone at that time point.
This is one potential reason why significant changes in BMD in re-
sponse to on- and off-treatment periods are only observed during
cycle 1.

At baseline, all but five patients received consultations with our
nutrition and physical therapy services. Patients were counseled on
calcium and vitamin D intake on the basis of their individual dietary
habits, although compliance logs were not part of the protocol. De-
spite physical therapy consultations, most patients did not report
compliance with resistance and other recommended exercises. It is
doubtful, although possible, that differences in patient compliance
with these interventions may have contributed to the heterogeneity of
BMD changes in response to ADT. It is also important to note that
variability of BMD change in response to ADT was present even
during cycle 1. Individual biologic and/or environmental factors may
have led to this degree of heterogeneity. For instance, the median age
of the patients in this trial was 64.5 years (range, 49.8 to 80.9 years); it
is possible that an older patient population may have experienced a
more uniform loss of BMD.

Other reasons that statistically significant changes in BMD were
observed only during cycle 1 may exist. Because patients dropped out
of the study as a result of development of castration resistance, fewer

patients remained in the study, which decreased the statistical power. It is
also possible that patients lose the most bone during early stages of ADT,
and changes in BMD over time stabilize regardless of whether patients
receive IAD or continuous ADT. This assumption, however, was not
supported by Wadwha et al,26 who found that continuous ADT led to
persistent annual decreases in BMD over a 7-year period.26 Finally, it is
possible that IAD is an intervention that minimizes BMD loss over time.

Concerns over BMD loss and osteoporotic fractures have prompted
numerous intervention studies to maintain BMD for men who receive
ADT. This maintenance includes the use of bisphosphonates such as
alendronate,27,28 pamidronate,29 and zoledronic acid.30,31 Deno-
sumab, which is a receptor activator of nuclear factor kappa-B ligand
inhibitor, increases BMD and decreases risk of osteoporotic fractures
in patients who receive ADT.25 In September 2011, the US Food and
Drug Administration granted approval of denosumab at a dose of 60
mg subcutaneously every 6 months to prevent osteoporotic fracture
and loss of BMD for men who receive ADT. Whether denosumab
would have a significant impact in men treated with IAD is unknown.

Although the results demonstrated that patients who were
treated with IAD experienced a reasonably stable fluctuation in
BMD that was slightly below average baseline measurements and
did not have an increase in fracture risk, the patient numbers were
small. Fracture risk may be better defined in the phase III cooper-
ative group trial of intermittent versus continuous therapy in men
treated with biochemically recurrent, nonmetastatic disease after
treatment with radiation. In our trial, changes in BMD were un-
predictable in the individual patient, and hence, continued moni-
toring with DXA scans is advised.
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