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A B S T R A C T

Purpose
Androgen-deprivation therapy (ADT) for prostate cancer is associated with bone loss and osteoporotic
fractures. Our objective was to examine changes in bone density and turnover with sustained,
discontinued, or delayed oral bisphosphonate therapy in men receiving ADT.

Patients and Methods
A total of 112 men with nonmetastatic prostate cancer receiving ADT were randomly assigned to
alendronate 70 mg once weekly or placebo in a double-blind, partial-crossover trial with a second
random assignment at year 2 for those who initially received active therapy. Outcomes included
bone mineral density and bone turnover markers.

Results
Men initially randomly assigned to alendronate and randomly reassigned at year 2 to continue had
additional bone density gains at the spine (mean, 2.3% � 0.7) and hip (mean, 1.3% � 0.5%; both
P � .01); those randomly assigned to placebo in year 2 maintained density at the spine and hip but
lost (mean, �1.9% � 0.6%; P � .01) at the forearm. Patients randomly assigned to begin
alendronate in year 2 experienced improvements in bone mass at the spine and hip, but
experienced less of an increase compared with those who initiated alendronate at baseline. Men
receiving alendronate for 2 years experienced a mean 6.7% (� 1.2%) increase at the spine and a
3.2% (� 1.5%) at the hip (both P � .05). Bone turnover remained suppressed.

Conclusion
Among men with nonmetastatic prostate cancer receiving ADT, once-weekly alendronate im-
proves bone density and decreases turnover. A second year of alendronate provides additional
skeletal benefit, whereas discontinuation results in bone loss and increased bone turnover. Delay
in bisphosphonate therapy appears detrimental to bone health.

J Clin Oncol 26:4426-4434. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Androgen-deprivation therapy (ADT) is commonly

used for nonmetastatic and advanced prostate can-

cer, and use has increased two- to four-fold in the

last 10 years.1-3 We and others have previously re-

ported that men with prostate cancer receiving ADT

have significant bone loss across all skeletal sites

compared with men with prostate cancer who are

not receiving ADT.4-10 Bone loss is greatest within

the first 12 months after initiation of treatment.11

Long-term ADT is associated with a double to qua-

druple increase in fracture risk.12-16

We recently reported that once-weekly oral

alendronate prevents bone loss across 1 year in men

receiving ADT.17 Other investigators have also

demonstrated that intravenous bisphosphonates

maintain bone mass in these patients.18-20 Little in-

formation is available on changes in bone mass or

turnover after discontinuation of bisphosphonate

therapy or whether a second year of oral therapy

provides additional skeletal benefit. This trial was

designed a priori to include a second year of therapy

to determine whether men needed to continue ther-

apy to prevent bone loss and whether a second year

of therapy resulted in additional gain in bone mass.

We also examined the duration of ADT before

bisphosphonate therapy on skeletal health.

PATIENTS AND METHODS

Participant Characteristics
Men age 85 years or younger receiving ADT for non-

metastatic prostate cancer were enrolled.17 ADT included
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gonadotropin-releasing hormone agonists, antiandrogens, or combinations
of the two. Men were excluded if they were receiving medications or had
diseases known to affect bone metabolism, had an elevated prostate-specific
antigen (PSA) level, had a testosterone not in castrate range, or were previously
or currently on a bisphosphonate. The protocol was approved by the institu-
tional review board. Participants provided written informed consent.

Study Design
This study was a randomized, double-blind, placebo-controlled, partial-

crossover trial. We previously reported the results of the first year.17 This
report focuses on the second year of oral therapy. After the first year, partici-
pants in the placebo arm were crossed over to receive 1 year of alendronate.
Participants in the alendronate arm were randomly reassigned to receive
alendronate or matching placebo.

Treatments
Participants received alendronate 70 mg orally once per week or match-

ing placebo (Merck & Co, Rahway, NJ). Baseline total daily calcium intake was
assessed with a food frequency questionnaire,21 and men received supple-
ments with calcium carbonate and vitamin D (Oscal 500 Plus D, GlaxoSmith
Kline, Pittsburgh, PA) to ensure that their daily calcium intake was greater than
1,000 mg/d.

We screened 126 men, 112 men were randomly assigned, 56 were
treated with alendronate, and 56 received placebo17(Fig 1). At the end of
year 1, 51 patients remained on alendronate, 25 were randomly assigned to
continue active treatment (alendronate-alendronate), and 26 were ran-
domly assigned to placebo (alendronate-placebo). Of the 56 men in pla-
cebo arm at baseline, 52 men remained in the trial and were crossed to
alendronate (placebo-alendronate).

Protocol and Outcome Variables
Height (cm) and weight (kg) were assessed at each visit, and PSA,

testosterone and 25-hydroxyvitamin were measured at baseline.17 Bone
mineral density (BMD) of the hip (total hip, femoral neck, and trochan-
ter), lumbar spine (posteroanterior [PA] and lateral), and radius (one-
third ultradistal, and total) were measured by dual-energy x-ray
absorptiometry (QDR-4500A; Hologic Inc, Bedford, MA) at baseline, 6, 12,
18, and 24 months. The coefficient of variation (CV) is 1.3% and 1.4% for the
spine and total hip BMD, respectively.11

Markers of bone formation included serum intact N-terminal propep-
tide of type I procollagen (P1NP, �g/L; DiaSorin Inc, Saluggia [Vercelli], Italy),
bone-specific alkaline phosphatase (Alkphase-B, U/L; Quidel Corp, San Di-
ego, CA) and osteocalcin (Novocalcin, ng/mL; Quidel Corp). Markers of bone
resorption included serum C-telopeptide crosslinked collagen type 1 (CTX,
nmol/L BCE; Crosslaps; Osteometer Biotech, Hawthorne, CA) and urinary
N-telopeptide crosslinked collagen type 1 (NTX, nmol bone collagen equiva-
lents/mmol creatinine; Osteomark; Ostex International, Princeton, NJ).

Adherence assessed by return of unused tablets was defined as taking
80% of the medication during the study. Adverse events were coded using the
Medical Dictionary for Regulating Activities (MedDRA).

Statistical Analysis
Subject characteristics were compared across the three groups using

analysis of variance or Kruskal-Wallis tests. Within-group changes over time
were assessed using paired samples t tests. A mixed model was fitted using
SAS MIXED (SAS Institute, Cary, NC) procedure with change in each
BMD measure and marker of bone turnover as the response variable;
treatment group, time, and their interaction as main fixed effects of interest;
baseline value of the response variable as a covariate; and a participant random
effect to account for multiple measurement from the same participants over
time. Appropriate contrasts were used to make various between-group com-
parisons of interest. Specifically, the alendronate-alendronate and
alendronate-placebo groups were compared in terms of 12- to 24-month
change to assess the effect of sustained treatment. Baseline to 12-month change
in the alendronate-alendronate and alendronate-placebo groups was com-
pared with baseline to 24-month change in the placebo-alendronate group to
assess the effect of delaying treatment by 1 year. Both raw and percentage
changes were used as response variables to assess the robustness of the results.
A post hoc analysis was conducted using an alternative method to more
appropriately assess the effect of ADT duration before commencement of
alendronate treatment. Specifically, because all patients received 1 year of
alendronate therapy regardless of the randomized group assignment, our data
could be considered as having come from a 1-year prospective cohort study of
patients. A series of mixed models were fitted with raw BMD at each site as the
response variable; time (0/6/12 months of alendronate) and ADT duration
before starting alendronate (� 12/12 to 24/24 to 36/36-48/ � 48 months) as
fixed effects of interest; and a participant random effect. On observing a
discriminating threshold around 36 months of prior ADT use, the mixed
models were refitted with the appropriate dichotomized version of prior ADT
duration (� 36/� 36 months). The gain in BMD was estimated after receiving
alendronate for 12 months among those with less than 36 and 36 or more
months of prior ADT, and the difference in BMD between those with less than
36 and 36 or more months of prior ADT, after 12 months of alendronate
therapy. Compliance and adverse event rates across the groups were compared
using Fisher’s exact test.

RESULTS

There were no significant differences in baseline clinical characteris-

tics17 (Table 1). At baseline, the average age was a mean of 71.4 years

(� 8.6 years) , duration of ADT was a mean of 25.5 months (� 29.3

months; median, 14.0 months), and PSA level was a mean of 1.1

ng/mL (�4.3 ng/mL; median, 0.10 ng/mL). Sixty percent of men were

receiving gonadotropin-releasing hormone agonists, 38% were re-

ceiving combination with an antiandrogen, and 2% were receiving

Alendronate-

alendronate:

(allocated to 

alendronate; n = 25)

Alendronate-

placebo:

(allocated to 

placebo; n = 26)

Lost to follow up (n = 1)

Discontinued 

intervention (n = 4)

Discontinued 

intervention (n = 4)

Alendronate:

(allocated to alendronate; n = 56)

Randomly 

assigned again

(n = 51)

Randomly assigned

(n = 112)

Assessed for eligibility (n = 126)

Excluded

*(n = 14)

Placebo:

(allocated to placebo; n = 56)

Discontinued

intervention

(n = 1)

Lost to 
follow-up (n = 2)
Discontinued
intervention (n = 1)
Died (n = 1)
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intervention

(n = 2)

Analyzed

(n = 23)

Analyzed

(n = 25)

Analyzed

(n = 48)

Placebo-

alendronate:

(crossed over to 

alendronate; n = 52)

Fig 1. Flow diagram of the progress through the phases of the clinical trial. (*)

Participants were excluded if they dropped out during the initial screening (n � 6),

were not hypogonadal (n � 3), were too ill (n � 1), had metastatic disease at

baseline (n � 1), an elevated prostate-specific antigen (n � 1), were on

glucocorticoids (n � 1) or had another cancer (n � 1). During the 2-year follow-up,

the reasons for attrition in each group included lost to follow-up, discontinued

intervention, died, refused, or medical exclusion.

Alendronate for Prostate Cancer Skeletal Health

www.jco.org © 2008 by American Society of Clinical Oncology 4427



Table 1. Baseline Clinical Characteristics of Those on Study at Year 2

Characteristic

Alendronate-
Alendronate (n � 25)

Alendronate-Placebo
(n � 26)

Placebo-Alendronate
(n � 52)

PNo. % No. % No. %

Age, years .605

Mean 71.9 70.0 71.9

SD 7.1 9.1 9.0

Body mass index, kg/m2 29.5 27.2 28.9 .090

Mean 4.1 2.5 4.4

SD

ADT .276

GnRH agonists 15 60 12 46 34 65

Antiandrogen 0 0 0 0 2 4

Combination therapy 10 40 14 54 16 31

Duration of ADT, months .234

Mean 16.8 27.9 28.5

SD 5.4 29.7 33.5

Median 11.0 15.0 14.5

� 36 21 84.0 19 73.1 39 75.0 .600

� 36 4 16.0 7 26.9 13 25.0

Calcium intake, mg/d .464

Mean 1,007.9 851.4 1,055.7

SD 572.1 623.4 763.1

Vitamin D intake, U/d .049

Mean 718.2 550.2 479.1

SD 479.8 385.3 350.2

Serum 25 hydroxy vitamin D, ng/mL .774

Mean 33.4 34.0 32.5

SD 8.2 9.3 9.5

Bone mineral density, g/cm2

Posterior anterior spine .012

Mean 1.14 1.01 1.04

SD 0.17 0.14 0.17

Lateral spine .163

Mean 0.74 0.70 0.67

SD 0.12 0.16 0.14

Total hip .003

Mean 1.03 0.94 0.92

SD 0.11 0.12 0.13

Femoral neck .027

Mean 0.79 0.75 0.72

SD 0.10 0.10 0.10

Trochanter �.001

Mean 0.82 0.72 0.70

SD 0.13 0.12 0.11

One-third distal radius .017

Mean 0.77 0.74 0.72

SD 0.07 0.08 0.09

Markers of bone turnover

Urinary NTX, nmol BCE/mmol Cr .96

Mean 53.1 53.5 52.0

SD 19.8 20.9 26.2

Serum CTX, nmol/BCE .45

Mean 0.60 0.64 0.56

SD 0.25 0.26 0.26

P1NP, ng/L .18

Mean 55.3 71.0 59.6

SD 25.2 42.1 28.2

Osteocalcin,(ng/mL .46

Mean 14.5 16.3 15.4

SD 5.0 4.9 5.7

(continued on following page)
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only an antiandrogen. At baseline, there were small differences in

BMD across the three groups, but no differences in markers of bone

turnover (Table 1), for which the main analyses were adjusted. Ac-

cording to WHO classification,22,23 41% had osteoporosis, 49% had

low bone mass, and 11% were normal. Adherence was 74% in the

alendronate-alendronate group, 83% in the alendronate-placebo

group, and 77% in the placebo-alendronate group (P � .767).

Changes in Year 2

At the beginning of year 2, the men randomly reassigned to the

alendronate-alendronate group did not differ from the alendronate-

placebo group in BMD at the lateral spine, femoral neck, one-third

distal radius, total radius, or bone markers. There were small differ-

ences in spine (1.19 � 0.19 v 1.04 � 0.14 g/cm2; P � .002) and hip

(1.03 � 0.11 v 0.95 � 0.12 g/cm2; P � .015) BMD.

During year 2, BMD in the men in the alendronate-alendronate

group increased by a mean of 2.3% (� 3.4%) at the spine (P � .005)

and 1.3% (� 2.2%) at the total hip (P � .010; Fig 2) relative to their

12-month measurements. BMD remained stable at the femoral neck

and one-third distal radius. In comparison, BMD in the alendronate-

placebo group, decreased a mean 1.9% (� 3.1%; P � .006) at the

one-third distal radius and 2.1% (�2.6%; P� .001) at the total radius,

whereas bone density remained stable at the spine and hip.

Serum CTX in the men in the alendronate-alendronate group

decreased a mean of 18.6% (� 28.4%; P � .008), and other bone

markers remained stable (Fig 2). In the alendronate-placebo group,

urinary NTX increased a mean of 70.5% (� 126.2%; P � .010) with

significant increases also observed in P1NP and bone-specific alkaline

phosphatase (Fig 2).

Within-Group Changes After 2 Years

After 2 years of study, men in the alendronate-alendronate

group had the greatest increases in BMD relative to baseline in-

cluding mean increases of 6.7% (� 5.6%) at the spine (P � .001),

1.6% (� 2.7%) at the total hip (P � .011) and 3.2% (� 7.1%) at the

femoral neck (P � .041; all P � .05; Fig 3). The alendronate-placebo

group and the placebo-alendronate group also had increases at the

spine (mean, 3.3% � 3.6% and mean, 2.4% � 4.8%, respectively;

both P � .002), but the changes from baseline at the total hip and

femoral neck for both groups were not significant (Fig 3). At the

one-third distal radius, bone density decreased in all groups except for

men who received alendronate for 2 years. A similar pattern of de-

creased bone density was observed at the total radius (Fig 3).

After 2 years, biochemical markers of bone turnover were

significantly below baseline in all three groups (Fig 3). For example,

at 24 months, CTX was decreased by a mean of 60.7% (� 21.5%) in

Table 1. Baseline Clinical Characteristics of Those on Study at Year 2 (continued)

Characteristic

Alendronate-
Alendronate (n � 25)

Alendronate-Placebo
(n � 26)

Placebo-Alendronate
(n � 52)

PNo. % No. % No. %

BSAP, U/L .47

Mean 26.5 30.0 28.2

SD 8.7 13.2 9.2

Osteoporosis classification� .051

Normal 5 20 3 11.5 3 5.8

Low bone mass (osteopenia) 14 56 15 57.7 21 40.4

Osteoporosis 6 24 8 30.8 28 53.9

Abbreviations: SD, standard deviation; ADT, androgen-deprivation therapy; GnRH, gonadotropin-releasing hormone; NTX, N-telopeptide crosslinks of type 1
collagen; BCE, bone collagen equivalence; Cr, creatinine; CTX, C-telopeptide cross-links of type 1 collagen; P1NP, N-terminal propeptide of type 1 procollagen; BSAP,
bone-specific alkaline phosphatase.

�Osteoporosis classification by spine, hip, and femoral neck according to WHO and International Society of Clinical Densitometry.22,23,33
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the alendronate-alendronate group, 44.6% (� 28.6%) in the

alendronate-placebo group, and 45.8% (� 64.3%) in the placebo-

alendronate group (all P � .001). Similar significant decreases in all

three treatment groups were seen with urinary NTX, P1NP, and

bone-specific alkaline phosphatase (Fig 3).

Between-Group Differences in Changes After 2 Years

The increases in BMD in the alendronate-alendronate group

were greater than the alendronate-placebo group at the PA spine

(mean, 3.79% � 1.22%; P � .002), lateral spine (mean, 4.97% �

2.13%; P � .021), femoral neck (mean, 2.59% � 1.17%; P � .028),

ultradistal and total distal radius (mean, 2.34% � 0.98% and 2.25% �

0.68%, respectively; both P � .02; Table 2). The alendronate-

alendronate group also had greater increases compared with the

placebo-alendronate group at the PA spine (mean, 4.66% � 1.07%;

P� .001), lateral spine (mean, 4.64% �1.98%; P� .02), femoral neck

(mean, 3.75% � 1.04%; P � .001), trochanter (mean, 1.92% �

0.89%; P � .032), total hip (mean, 1.92% � 0.68%; P � .005), and

ultradistal and total radius (both P � .001; Table 2). At 2 years, there

were no significant differences in BMD between the alendronate-

placebo group and the placebo-alendronate group. Furthermore,

there were no differences in the bone markers between any groups at 2

years (Table 2). Using the WHO classification,22,23 at the end of 2 years

there were no differences in the osteoporosis classification between the

alendronate-alendronate group (normal, 21.7%; low bone mass,

56.5%; osteoporosis, 21.7%), the alendronate-placebo group (nor-

mal, 12.0%; low bone mass, 52.0%; osteoporosis, 36.0%) and the

placebo-alendronate group (normal, 10.4%; low bone mass, 35.4%;

osteoporosis, 54.2%; P � .097).

Effect of Sustained Treatment

To determine whether there was evidence for an additional

benefit by sustaining treatment for 24 months versus treatment of

only 12 months, 12- to 24-month gains in bone mineral density

were compared between alendronate-alendronate and alendronate-

placebo groups by mixed-model analysis adjusted for baseline. The

alendronate-alendronate group that sustained treatment had a

significantly greater percentage point increase in BMD compared

with the alendronate-placebo group at the spine (adjusted means

difference, 2.6 � 1.0; P � .009), lateral spine (adjusted means differ-

ence, 5.1 � 1.7; P � .004), total hip (adjusted means difference, 1.7 �

0.7; P � .019), trochanter (adjusted means difference, 2.1 � 0.8;

P � .010), and the one-third distal, ultradistal and total radial sites

(adjusted means difference, 2.1 to 2.2; all P � .021; Table 3).

Effect of Delaying Treatment

To determine whether a delay in treatment by 12 months was

detrimental, differences in BMD, after being on treatment for the

same length of time, were compared between men who initiated

treatment at baseline (alendronate-alendronate and alendronate-

placebo groups) versus those who delayed treatment (placebo-

alendronate) by 1 year using mixed-model analysis. On average, men

who did not delay treatment compared with men who delayed had a

gain in BMD that was greater at the spine, femoral neck, ultradistal

radius and total radius (all P � .05; Table 3) at 12 months.

To further explore the question of delay of treatment with alen-

dronate, we examined the change in BMD on the basis of duration of

ADT before alendronate treatment. When men were categorized as

having had ADT for less than 36 months versus at least 36 months,

men who had been receiving ADT for less than 36 months and then

treated with alendronate for 12 months had a gain of 0.043 g/cm2

(P � .001) of BMD at the spine compared with a gain of 0.030 g/cm2

(P � .001) for men who had prior ADT for greater than 36 months.

After 12 months of alendronate treatment, men with a shorter dura-

tion of ADT treatment had a 0.101 g/cm2 greater BMD compared with

those with a longer duration (P � .008). Similar additional gains were

also observed at the lateral spine, hip trochanter, one-third distal

radius, and total radius.

Adverse Events

Over the 2 years there were four participants experiencing

clinical fractures including one in the alendronate-alendronate

group, two in the alendronate-placebo group, and one in the

placebo-alendronate group. During year 2, there were no differences

Table 2. Between-Group Differences in Change � SE After 2 Years, Adjusted for Baseline Measurement of Outcome

Outcome

Alen/Alen v Alen/Placebo Alen/Alen v Placebo/Alen Alen/Placebo v Placebo/Alen

Percentage Point
Difference Change SE P

Percentage Point
Difference Change SE P

Percentage Point
Difference Change SE P

PA spine 3.79 1.22 .002 4.66 1.07 � .001 0.87 1.01 .392

Lateral spine 4.97 2.13 .021 4.64 1.98 .020 �0.33 1.87 .862

Femoral neck 2.59 1.17 .028 3.75 1.04 � .001 1.16 1.00 .247

Trochanter 0.67 0.99 .500 1.92 0.89 .032 1.25 0.82 .131

Total hip 1.26 0.77 .101 1.92 0.68 .005 0.67 0.65 .303

One-third distal radius 1.50 0.90 .096 1.15 0.80 .151 �0.34 0.77 .653

Ultradistal radius 2.34 0.98 .018 2.90 0.86 � .001 0.56 0.83 .502

Total distal radius 2.25 0.68 .001 2.07 0.60 � .001 �0.18 0.58 .762

Urine NTX �20.43 20.28 .315 �14.36 17.78 .420 6.08 17.33 .726

Serum CTX �17.16 14.28 .231 �11.79 12.51 .347 5.37 12.09 .657

BSAP �12.83 13.30 .335 �5.53 11.62 .634 7.31 11.20 .515

Osteocalcin �16.85 8.26 .042 �10.22 7.22 .158 6.63 6.97 .342

P1NP �31.8 15.06 .036 �17.27 13.13 .190 14.54 12.67 .252

Abbreviations: Alen, alendronate; PA, posteroanterior; NTX, N-telopeptide crosslinks of type 1 collagen; BSAP, bone-specific alkaline phosphatase; CTX, C-telopeptide
crosslinks of type 1 collagen; P1NP, N-terminal propeptide of type 1 procollagen.
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in the proportions of patients experiencing total or serious adverse

events (Table 4). There were no differences in the proportions of

patients experiencing adverse events associated with alendronate ex-

cept for myalgias and arthralgias, which were rare in the group ran-

domly reassigned to placebo in year 2 but were reported in the groups

assigned to alendronate.

DISCUSSION

This double-blind, placebo-controlled, randomized, partial-crossover

clinical trial was designed to examine once-weekly oral alendronate

for the prevention and treatment of androgen deprivation-induced

bone loss in men with prostate cancer. In the first year, we reported

that alendronate improved BMD in the spine and hip and prevented

loss at the distal radius.17 During the second year, our goal was to

determine whether an additional year of oral bisphosphonate treat-

ment resulted in continued improvement in bone density and

whether withdrawal of the treatment resulted in a decline. We also

examined whether a delay in alendronate treatment by 12 months was

detrimental to bone mass and the impact of duration of ADT before

alendronate therapy. Results of this trial support our a priori hypoth-

esis that a second year of alendronate therapy provides continued

skeletal benefit and suppression of bone turnover. Discontinuation of

alendronate however, resulted in maintenance of bone mass at the

spine and hip coupled with a significant decrease in bone density at the

forearm. However, a delay in bisphosphonate treatment was detri-

mental compared with early treatment. These results suggest that the

oral bisphosphonate is needed to provide continued benefit to the

skeleton during ADT and should be considered when androgen de-

privation is initiated.

Although previous reports have demonstrated the benefits of

intravenous bisphosphonates after 48 weeks,18,20 the impact of with-

drawal from either intravenous or oral therapy has not been examined

in men with prostate cancer. In postmenopausal women, after 2 or 5

years of oral alendronate therapy, bone density at the spine and hip

remained stable after the first year of discontinuation.24-26 The

decline in the radius observed in men has not been previously reported

in women. Men experience bone loss at the forearm with initiation

and continuation of androgen deprivation.11 Because the forearm is

strongly associated with fracture risk in men,27 these findings may be

clinically relevant.

Little data are available on the consequences of delaying treat-

ment with bisphosphonate after initiation of ADT for prostate cancer.

We examined this using several methods. Men who delayed alendro-

nate therapy had a smaller gain in BMD at 2 years compared with men

who initiated alendronate at the beginning of the study. Furthermore,

Table 3. Effects of Sustained Treatment and Delaying Treatment

Effect

Sustained Treatment Effect After 12 Months� Effect of Delaying Treatment for 12 Months†

Percentage Point Change From
12 to 24 Months SE P

Percentage Point
Change From Baseline SE P

PA spine 2.63 1.00 .009 1.75 0.84 .038

Lateral spine 5.10 1.74 .004 1.11 1.59 .489

Femoral neck 1.48 1.07 .171 2.21 0.83 .009

Trochanter 2.07 0.79 .010 1.14 0.70 .103

Total hip 1.67 0.71 .019 1.01 0.54 .064

One-third distal radius 2.24 0.80 .005 1.19 0.63 .062

Ultradistal radius 2.09 0.90 .021 2.76 0.68 � .0001

Total distal radius 2.20 0.61 � .0001 1.88 0.48 .0001

Abbreviation: PA, posteroanterior.
�Sustained treatment effect: Alendronate-alendronate versus alendronate-placebo.
†Effect of delaying treatment by 1 year: baseline to 12 months percentage change in combined alendronate-alendronate and alendronate-placebo groups v baseline

to 24 months percentage change in placebo-alendronate group. Assessed after receiving treatment for 12 months.

Table 4. Participants Experiencing Adverse Events

Event

During the Second Year After 2 Years

Alendronate-
Alendronate

Alendronate-
Placebo

Placebo-
Alendronate

P

Alendronate-
Alendronate

Alendronate-
Placebo

Placebo-
Alendronate

PNo. % No. % No. % No. % No. % No. %

Any adverse events 22 88.0 19 73.1 41 78.8 .409 23 92.0 23 88.5 50 96.2 .449

Serious adverse events 5 20.0 5 19.2 10 19.2 .996 11 44.0 7 26.9 18 34.6 .440

Known associations with alendronate

Gastric 1 4.0 0 0.0 1 1.9 .490 1 4.0 2 7.7 4 7.7 .99

Esophageal 1 4.0 1 3.8 1 1.9 .805 1 4.0 1 3.8 2 3.8 .99

Constipation 0 0.0 1 3.8 2 3.8 .99 2 8.0 2 7.7 8 15.4 .558

Myalgia 5 20.0 0 0.0 6 11.5 .038 6 24.0 1 3.8 10 19.2 .096

Arthralgia 10 40.0 4 15.4 16 30.8 .144 15 60.0 5 19.2 18 34.6 .009
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regardless of ADT duration, alendronate was effective. However, after

1 year of alendronate treatment, men who had been receiving ADT for

less than 3 years had a greater gain in BMD compared with those who

had been receiving ADT for more than 36 months. Because of the post

hoc secondary nature of analysis, these results should be interpreted

with caution. Nonetheless, our results provide preliminary evidence in

support of initiating bisphosphonate therapy early in the course

of ADT.

Our study has several limitations. This study was not designed to

examine clinical fractures. The occurrence of fractures may require

several years of androgen deprivation. We chose to examine surrogate

outcomes of osteoporosis using bone mass and turnover that provide

supportive evidence for fracture reduction as suggested by the Sur-

geon General.28 Second, because only 11% were classified with a

normal BMD at baseline, we felt we could not perform a complete

double-blind, placebo-controlled trial because it would be inappro-

priate to withhold treatment for 2 years in hypogonadal men who had

low bone mass or osteoporosis. All men received at least 1 year of

therapy. Despite blinded randomization, we observed a chance differ-

ence in baseline BMD between groups with the greatest BMD in men

who received therapy for 2 years. To address such differences, we

adjusted our analyses for baseline BMD by including it as a covariate in

our mixed models. Moreover, such differences should make the per-

centage change analyses more conservative because the same magni-

tude of absolute change will be interpreted as a smaller degree of

percentage change in the group that received alendronate during the

entire 2-year period. Finally, we included both men who were receiv-

ing chronic androgen deprivation and those who were initiating ther-

apy. Although, this broader inclusion increases the variability among

our participants, it also makes the results more generalizable and

makes a secondary analysis on effect of prior ADT duration on out-

comes possible.

Because the greatest bone loss occurs on initiation of ADT,11

early screening with BMD assessment and preventive measures

(calcium, vitamin D, exercise) would be encouraged.9,10,29 Suggested

guidelines have been generated from expert panels and reviews and

recommend treatment for men with prostate cancer receiving ADT

with (1) an adult fragility fracture, (2) osteoporosis, or (3) low bone

mass by bone density with a risk factor for fracture.9,10,29-32 Men

should also be evaluated for other secondary causes of bone loss.

Currently bisphosphonates are the recommended therapy.9,10,29,32

In summary, improvements in bone mineral density in men

with prostate cancer on androgen deprivation are greatest in men

who continue to receive alendronate therapy. Furthermore, delay

in treatment is detrimental to skeletal integrity. In men with low

bone mass or osteoporosis, once-weekly oral therapy with alendro-

nate should be considered early and continued for at least 2 years in

men with prostate cancer who are receiving ADT to gain maximum

benefit to the skeleton.
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