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Abstract
Purpose—Osteoporosis causes morbidity and mortality in men. The National Osteoporosis
Foundation recommends fracture risk assessment with the online WHO/FRAX® tool. Although
androgen deprivation therapy for prostate cancer increases fracture risk, there is limited
information about which men require preventative drug therapy. We applied the WHO/FRAX tool
to men treated with androgen deprivation therapy for prostate cancer.

Materials and Methods—Information was collected from a practice cohort of men treated with
gonadotropin-releasing hormone agonists, and included age, height, weight, history of
gonadotropin-releasing hormone agonist treatment, dual energy x-ray absorptiometry results, prior
bone targeted therapy and clinical risk factors for fracture. Subjects were evaluated with the
WHO/FRAX algorithm (http://www.shef.ac.uk/FRAX/).

Results—A total of 363 men treated with androgen deprivation therapy (median age 72 years)
were evaluated. By the FRAX algorithm with clinical information (no dual energy x-ray
absorptiometry data) the 3% hip fracture risk threshold for treatment was exceeded by 51.2% of
the men (median risk 3.1%). When subjects were grouped by age the treatment threshold was
reached by 3.3% of those younger than 70 years, 76.6% of those 70 to 79 years old and by 98.8%
of those 80 years old or older. Using FRAX with bone mineral density data in the 93 patients who
underwent bone mineral density testing the median 10-year hip fracture risk was 0.9% and the
treatment threshold was exceeded by 15% of these subjects.

Conclusions—In this cohort of men receiving androgen deprivation therapy the prevalence of
risk sufficient to necessitate drug therapy was high and was strongly influenced by age. The
WHO/FRAX algorithm identifies a greater proportion of men for treatment than the traditional
threshold of T score −2.5 or less.
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OSTEOPOROSIS is a substantial burden in men. Worldwide, men suffer from a third of all
hip fractures1 and the mortality associated with a male hip fracture can be as high as 37.5%.2

†Recipient of a National Institutes of Health K24 Midcareer Investigator Award (5K24CA121990-02) and grants from the Prostate
Cancer Foundation.
© 2010 by AMERICAN UROLOGICAL ASSOCIATION EDUCATION AND RESEARCH, INC.
*Correspondence: Division of Hematology-Oncology, Massachusetts General Hospital Cancer Center, 55 Fruit St., Lawrence House/
POB-2, Boston, Massachusetts 02114 (telephone: 617-643-1723; FAX: 617-724-3166; psaylor@partners.org).
Study was received institutional review board approval.

NIH Public Access
Author Manuscript
J Urol. Author manuscript; available in PMC 2011 June 1.

Published in final edited form as:
J Urol. 2010 June ; 183(6): 2200–2205. doi:10.1016/j.juro.2010.02.022.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.shef.ac.uk/FRAX/


The most common causes of acquired osteoporosis in men are hypogonadism, chronic
glucocorticoid therapy and excessive alcohol intake.3

The long established WHO diagnostic criteria compare BMD measured at the spine, hip or
forearm to the young normal mean BMD for the reference population. Normal is BMD
within 1 standard deviation (T score −1 or greater), low bone mass is 1.0 to 2.5 standard
deviations below (T score between −1.0 and −2.5) and osteoporosis is 2.5 or greater
standard deviations below (T score −2.5 or less).4

Most fractures occur in men whose BMD measurements are not in the osteoporotic range.5
The WHO/FRAX tool (http://www.shef.ac.uk/FRAX/) is designed to improve fracture risk
assessment by incorporating age, BMI and a group of clinical risk factors in addition to
femoral neck BMD.6 Clinical risk factors include prior fragility fracture, family history of
hip fracture, current tobacco smoking, chronic use of glucocorticoids, daily consumption of
alcohol, rheumatoid arthritis and other conditions associated with secondary osteoporosis.7–
13 The FRAX model is constructed from population based data and, therefore, is population
specific.

The NOF guidelines recommend initiation of drug therapy to prevent fractures if 1 of
several conditions is met (see Appendix).14 Drug therapy should be started if the T score is
−2.5 or less, or if the patient has a history of hip or vertebral fracture. Additionally, drug
therapy should be started for those who have low bone mass (T score between −1.0 and
−2.5, osteopenia) and a 3% or greater 10-year risk for hip fracture, or 20% or greater 10-
year risk of MOF by the United States adapted FRAX model.15 MOF is defined as a hip,
shoulder, forearm or clinical spine fracture. These recommendations align well with a
United States economic model that suggests that osteoporosis treatment is cost-effective
when the 10-year probability of hip fracture is at least 3%.16

Androgen deprivation therapy for prostate cancer decreases bone mineral density17–20 and is
associated with a greater risk of clinical fractures.21–23 Little is known about the application
of WHO/FRAX in men receiving ADT for prostate cancer. In this study we assessed
fracture risks with the FRAX algorithm in a cohort of men with prostate cancer treated with
ADT. We compared the results to traditional BMD criteria. These findings may provide
practical insight to identify patients with prostate cancer most likely to benefit from drug
therapy to prevent fractures.

MATERIALS AND METHODS
This cross-sectional study included men treated for prostate cancer with a GnRH agonist at
an academic genitourinary medical oncology practice (Massachusetts General Hospital
Cancer Center, Partners institutional review board approval). Enrollment took place during a
4-month period. Treatment and evaluation of the patients were at the discretion of the
treating physicians. All men were encouraged to take calcium (1,200 mg or more daily) and
vitamin D (800 to 1,000 IU daily) per NOF guidelines.

Information was collected on patient age, height, weight, timing and duration of GnRH
agonist treatment, relevant Hologic QDR® 4500A densitometer DXA results, relevant prior
bone targeted therapy, race, clinical status and presence or absence of clinical risk factors for
fracture. DXA scans were obtained at the discretion of the treating physicians. Clinical risk
factors for fracture include prior fragility fracture, parental history of hip fracture, current
tobacco smoking, daily consumption of 3 or more units of alcohol, history of long-term use
of oral glucocorticoids, rheumatoid arthritis and additional causes of secondary osteoporosis
(organ transplantation, untreated thyroid disorders, type 1 diabetes, inflammatory bowel
disease and prolonged immobility). Subjects were evaluated according to the WHO/FRAX
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fracture risk assessment tool. We considered ADT to be a form of secondary osteoporosis
within the FRAX algorithm.

We described the cohort prevalence of an indication for drug therapy to prevent fracture
according to the NOF guidelines and FRAX. All subjects were included in the analysis and
reporting except 18 men receiving bisphosphonates who were excluded from BMD
analyses. The primary end point was the percentage of subjects in the study cohort who
reached NOF guideline treatment thresholds for fracture prevention pharmacotherapy based
on FRAX. Secondary end points were the calculated 10-year risk of hip fracture and MOF,
as well as BMD.

RESULTS
A total of 363 patients were evaluated (table 1). Median age was 72 years (range 48 to 98).
The majority of subjects (89.3%) were white. Mean BMI was 29.6 kg/m2 and median ADT
duration was 1.6 years (range 0 to 17). All men were considered at risk for secondary
osteoporosis due to ADT. Daily consumption of at least 3 units of alcohol (11.6%) was the
most prevalent additional clinical risk factor assessed in the FRAX algorithm. The
prevalence of each of the other clinical risk factors was less than 10%. Bone metastases
were present in 30.8% of the subjects. Fewer than 1 in 4 patients (22.3%) had received
bisphosphonate treatment.

Using the FRAX algorithm with clinical information alone (no DXA data) the median 10-
year hip fracture risk was 3.1% and 51.2% of subjects exceeded the 3% threshold for drug
therapy (table 2). Median MOF risk was 12%. Hip fracture risk accounted for a higher
proportion of patients reaching treatment thresholds than did MOF risk (51.2% vs 10.2%).
In analyses that excluded ADT as a risk factor for secondary osteoporosis the median
estimated 10-year hip fracture risk was 1.8% and 32.8% of subjects still exceeded the 3%
threshold for pharmacotherapy.

Figure 1 shows individual estimates of hip fracture and MOF risk by age. None of the 32
subjects younger than 60 years and only 5 of the 119 age 60 to 69 reached the hip fracture
treatment threshold. In contrast the hip fracture treatment threshold was exceeded by 76.6%
(98 of 128) of subjects 70 to 79 years old and by 98.8% (83 of 84) of those 80 years old or
older.

Among the 93 subjects who underwent BMD assessment by Hologic DXA scan, median
BMD was 0.81 gm/cm2 (range 0.47 to 1.23) and median femoral neck T score was −1.0
(range −3.4 to 2.2). Median ADT duration was only slightly longer in this subset than in the
entire cohort (1.8 vs 1.6 years). Using the FRAX algorithm with BMD data the median 10-
year hip fracture risk was 0.9% and the hip fracture treatment threshold was exceeded by
15% (14 of 93) of subjects. In contrast the median 10-year hip fracture risk by FRAX
without BMD data was 2.4% and 41 of 93 subjects (44.1%) exceeded the 3% risk threshold.

Figure 2 is a scatter plot with the 10-year hip fracture risk assessments by FRAX with (y-
axis) and without (x-axis) BMD data. The fracture estimates with and without BMD data
were highly correlated (r = 0.81, p < 0.0001), although the estimated fracture risk rates were
consistently lower when BMD data were included in the FRAX algorithm. Of the 6 subjects
with a T score less than −2.5, 2 did not meet the treatment threshold by FRAX. Of the 14
subjects who exceeded the treatment threshold by FRAX only 4 had T scores less than −2.5.
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DISCUSSION
The WHO/FRAX calculator is a convenient online tool to estimate fracture risk for
individual patients. We applied this algorithm to a cohort of 363 men treated with GnRH
agonists for prostate cancer and found that a high proportion of subjects reached treatment
thresholds by NOF guidelines (51.2%). Use of the FRAX algorithm with clinical data
identifies a larger proportion of patients who meet NOF defined treatment thresholds than
would be identified by traditional BMD criteria.

Meta-analyses have shown that advancing age increases fracture risk beyond that predicted
by age related loss of BMD.24 Although typical changes in BMD would predict a 4-fold
increase in fracture risk from ages 50 to 90 years, fracture risk actually increases 30-fold.
Estimated fracture rates using FRAX calculations in our cohort reflect the strong influence
of older age on risk for clinical fracture. When clinical factors were used without BMD,
FRAX estimated that 76.6% of men in their 70s and virtually all men 80 years old or older
exceeded the NOF recommended risk threshold for drug therapy.

ADT is associated with an increased risk of fractures. 21,23 In an analysis of more than
50,000 men treated with ADT there was a statistically significant relationship between
fracture risk and number of doses of GnRH agonist even when the analysis was adjusted for
patient and tumor characteristics. The incidence of fracture 5 years beyond prostate cancer
diagnosis was 19.4% among those who received ADT and 12.6% among those who did not.
21 This hazard ratio of 1.54 is in line with the ADT attributable risk by FRAX within our
cohort.

In another study of men with prostate cancer Adler et al found limited concordance between
FRAX and T score treatment thresholds.25 Their cohort was older (average age 77 vs 72),
was majority African-American (58% vs 5%), had a larger proportion of current smokers
(15% vs 5%) and did not include men with bony metastases. They found a lower mean
femoral neck T score (−1.4 vs −0.9) and a higher percentage of men with T scores −2.5 or
less (33% vs 6.5%), although for the latter they used T scores at all sites rather than just at
the femoral neck. In contrast to our cohort their study population had a higher percentage of
subjects who met the treatment threshold by T score (33%) than by FRAX calculation
(17%). Similar to our cohort their study population had a higher percentage of patients that
met the treatment threshold by FRAX when the calculation was performed without BMD.

The epidemiological data on which FRAX is based are from the general population rather
than men receiving ADT. There are several reasons that FRAX calculated risk may
underestimate fracture risk in men treated for prostate cancer. Although ADT is a potent
cause of secondary osteoporosis, FRAX considers all causes of secondary osteoporosis to be
equivalent. In addition, the relative risk of fracture increases with increasing duration of
ADT, a phenomenon not captured by binary responses within FRAX.21 FRAX also does not
consider the potential for the additive impact of more than 1 form of secondary osteoporosis.
Finally FRAX considers greater BMI to be protective against fractures. GnRH agonists
increase BMI and fat mass but decrease lean muscle mass, a phenotype known as sarcopenic
obesity.17,26 As some data support a strong relationship between lean mass and BMD,
sarcopenia may be detrimental beyond that which is captured by FRAX.27 ADT related
sarcopenic obesity may also contribute to frailty and fall related fracture risk.

We did not consider bone metastases for the purposes of this analysis. Zoledronic acid is
standard of care for the prevention of skeletal related events in men with castration resistant
prostate cancer metastatic to bone.28–30 Therefore, some subjects within the cohort are
treated with zoledronic acid independent of osteoporotic fracture risk.
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Our subjects were drawn from a single institution academic practice. Different results may
be observed in patients in other practice settings. As risk calculations for the United States
adapted FRAX model are race specific, our observations within a largely white cohort may
differ from those of practices in the United States with a different racial profile or from
practices outside of the United States. Additionally, the subset of men evaluated with DXA
may not be broadly representative because those men were motivated and able to pursue an
additional test. The proportion of men meeting treatment thresholds was more modest in that
group (1 of 39 men younger than 70 years, 7 of 37 men in their 70s, 7 of 16 men 80 years
old or older).

The WHO/FRAX tool appears to provide improved guidance relative to traditional criteria
based on BMD alone. NCCN guidelines recommend screening and treatment for
osteoporosis in men with prostate cancer according to the NOF guidelines for the general
population. 28 NCCN recommendations specify that FRAX should be used and that ADT
should be considered secondary osteoporosis in the algorithm. Other pertinent NOF
recommendations include calcium (1,200 mg or greater daily) and vitamin D (800 to 1,000
IU daily) supplementation, regular weight-bearing and muscle strengthening exercise,
tobacco cessation and avoidance of excessive alcohol intake.

CONCLUSIONS
Men treated with ADT for prostate cancer are particularly vulnerable to clinical fractures.
Thoughtful selection of appropriate patients for drug therapy to reduce fracture risk is
essential. The use of FRAX to quantify fracture risk is a rational strategy as it incorporates
clinical risk factors that add to the discriminatory power of BMD. The use of FRAX is
recommended by NOF and NCCN guidelines. We informed the clinical management of
prostate cancer survivors by using the WHO/FRAX risk assessment tool to characterize
fracture risk in a cohort of men receiving ADT. The prevalence of risk sufficient to
necessitate drug therapy was high and was strongly influenced by age. Since FRAX was not
designed specifically for men receiving ADT, important clinical factors unique to men
receiving ADT may not be accounted for and the risk of fracture may be underestimated.
Further work is needed to refine risk assessment in this vulnerable population.

Abbreviations and Acronyms

ADT androgen deprivation therapy

BMD bone mineral density

BMI body mass index

DXA dual energy x-ray absorptiometry

GnRH gonadotropin-releasing hormone

MOF major osteoporotic fracture

NCCN National Comprehensive Cancer Network

NOF National Osteoporosis Foundation

APPENDIX

Relevant National Osteoporosis Foundation (NOF) recommendations

Screening
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Relevant National Osteoporosis Foundation (NOF) recommendations

NOF recommends testing of bone mineral density for:

• All men age 70 years or older

• Adults who have a fracture after age 50

• Adults with a condition or taking a medicine associated with low bone mass or bone loss

• Anyone considered for pharmacologic therapy for osteoporosis

• Anyone being treated for osteoporosis, to monitor treatment effect

• Anyone not receiving therapy in whom evidence of bone loss would lead to treatment

Treatment

NOF recommends calcium (1,200 mg or greater daily) and vitamin D (800–1,000 IU daily) for all and consideration for
treatment if age 50 or older and any of the following:

• History of hip or vertebral fracture

• T score 2.5 or less at the femoral neck or spine (secondary causes evaluated)

• Low T score at femoral neck or spine (−1.0 to −2.5) and either of the following:

10-year probability of a hip fracture 3% or greater by United States adapted WHO/FRAX algorithm

10-year probability of a major osteoporosis related fracture 20% or greater by United States adapted
WHO/FRAX algorithm

Adapted from National Osteoporosis Foundation’s Clinician’s Guide to Prevention and Treatment of Osteoporosis.14
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Figure 1.
Scatter plots for fracture risk by age. Risks are calculated with FRAX using clinical factors
without DXA information.
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Figure 2.
Correlation between FRAX calculations with and without BMD. Hip fracture risks were
calculated with FRAX using clinical factors without DXA BMD information (x-axis) and
again with DXA information (y-axis). Analysis was performed on subset of patients who
had been evaluated with DXA scan and had not been treated with bisphosphonate (93).
Correlation coefficient was 0.81 (p <0.0001).
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Table 1

Patient demographics

Mean ± SD pt age (range) 72.0 ± 9.5 (48–98)

No. race (%):

  White 324 (89.3)

  African-American 20 (5.5)

  Asian 7.0 (1.9)

  Hispanic 12 (3.3)

Mean ± SD kg/m2 BMI (range) 29.6 ± 5.2 (18–63)

No. individual clinical risk factors for fracture (%):

  Secondary osteoporosis (ADT) 363 (100)

  Daily consumption 3 or more drinks 42 (11.6)

  Long-term use of glucocorticoids 30 (8.3)

  Parental history of fracture 27 (7.4)

  Ongoing tobacco use 17 (4.7)

  Personal history of fracture 9 (2.5)

No. bone metastases (%) 112 (30.8)

No. bisphosphonate use (%) 81 (22.3)
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Table 2

Calculated fracture risks

FRAX fracture risk from clinical risk factors
  including ADT as secondary osteoporosis:

  Median % hip fracture risk (range) 3.1 (0.2–26)

  No. 3% or greater 10-yr hip fracture risk (%) 186 (51.2)

  Median % MOF risk (range) 12 (2.2–33)

  No. 20% or greater 10-y MOF risk (%) 37 (10.2)

FRAX fracture risk from clinical risk factors
  excluding ADT as secondary osteoporosis:

  Median % hip fracture risk (range) 1.8 (0.1–16)

  No. 3% or greater 10-yr hip fracture risk (%) 119 (32.8)

  Median % MOF risk (range) 8.4 (1.6–25)

  No. 20% or greater 10-yr MOF risk (%) 4 (1.1)

FRAX fracture risk calculated using measured
  femoral neck BMD (in 93 pts):

  Median T score (range) −1.0 (−3.4–2.2)

  Median gm/cc BMD (range) 0.81 (0.47–1.23)

  Median % hip fracture risk with DXA (range) 0.9 (0–15)

  Median % hip fracture risk without DXA (range) 2.4 (0.2–26)

  Median % MOF risk with DXA (range) 7.0 (2.5–25)

  Median % MOF risk without DXA (range) 11 (3.0–33)

  No. 3% or greater 10-yr hip fracture risk + T
    score less than −1 (%)

14 (15)

  No. 3% or greater 10-yr hip fracture risk without
    DXA (%)

41 (44.1)

  No. T score −2.5 or less (%) 6 (6.5)
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