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Abstract

To investigate the addition of a computed tomography (CT)-basedmethod of osteoporosis screening to FRAX
without bonemineral density (BMD) fracture risk assessment inmenundergoing radiotherapy for prostate cancer,
we reviewed the records of all patients with localized prostate cancer treated with external beam radiotherapy
at our institution between 2001 and 2012.The 10-yr probability of hip fracture was calculated using the FRAX
algorithm without BMD.The CT attenuation of the L5 trabecular bone (L5CT) was assessed by contouring the
trabecular bone on a single CT slice at the level of the midvertebral body and by averaging the Hounsfield units
(HU) of all included voxels. L5CT values of 105 and 130 HUwere used as screening thresholds.The clinical char-
acteristics of additional patients identified by each L5CT screening threshold value were compared to patients
whose estimated 10-yr risk of hip fracture was 3% or greater by FRAX without BMD. A total of 609 patients
treated between 2001 and 2012 hadCT scans available for review and complete clinical information allowing for
FRAXwithout BMD risk calculation. Seventy-four (12.2%) patients had an estimated 10-yr risk of hip fracture
of 3%or greater.An additional 22 (3.6%) and 71 (11.6%) patients were identified byCT screening when thresh-
olds L5CT = 105 HU and L5CT = 130 HU were used, respectively. Compared to the group of patients identified
by FRAXwithout BMD, the additional patients identified by CT screening at each L5CT threshold level tended
to be younger and heavier, and were more likely to be African–American or treated without androgen depri-
vation therapy. These results suggest that the addition of CT-based screening to FRAX without BMD risk as-
sessment identifiesadditionalmenwithdifferentunderlyingclinical characteristicswhomaybeat risk forosteoporosis
and may benefit from pharmacological therapy to increase BMD and reduce fracture risk.
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Introduction
Hip fracture is an uncommon, but potentially devastat-

ing, outcome in men with localized prostate cancer who have

received radiotherapy (RT).The incidence is estimated at
0.8–1.0 per 100 person-years (1). Men with intermediate
or high-risk prostate cancer are commonly prescribed an-
drogen deprivation therapy (ADT), which has been shown
to decrease bone mineral density (BMD) and increase frac-
ture risk (2–7). Current guidelines published by the Na-
tional Osteoporosis Foundation (NOF) (8) and the National
Comprehensive Cancer Network (NCCN) (9) recom-
mend screening all men undergoing prostate cancer treat-
ment by calculating their 10-yr fracture risk using the FRAX
(10) algorithm. For men at increased risk of fracture,
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dual-energy X-ray absorptiometry (DXA) is recom-
mended and treatment to increase BMD and reduce frac-
ture risk should be considered.

The FRAX algorithm is a useful screening tool for men
with prostate cancer because it can be used to estimate frac-
ture risk in the absence of BMD measurement, based on
body habitus and historical information (10). An alterna-
tive method of osteoporosis screening has recently been
described, performed by calculating the computed tomog-
raphy (CT) attenuation values of trabecular bone within
the vertebral bodies of the lumbar spine (11).When using
DXAmeasurements as the reference standard, various CT-
attenuation threshold levels yielded sensitivities and speci-
ficities greater than 90% for predicting osteoporosis (11).
Because CT scans are obtained as part of the external beam
RT planning process for men with prostate cancer, this al-
ternative method of osteoporosis screening could be uti-
lized efficiently without the need to obtain additional testing.
We retrospectively applied both screening methods to pa-
tients treated at our institution to determine if additional
patients at high risk for fractures could be identified with
the addition of CT-based screening.

Methods and Materials
We retrospectively reviewed the records of all patients

undergoing external beam RT for prostate cancer in our
department between 2001 and 2012.Demographic, disease,
and treatment characteristics were abstracted from each
patient’s medical record, and the 10-yr probabilities of major
osteoporotic and hip fracture were calculated using the
FRAX algorithm without BMD (10).All patients who had
adequate past medical history documented within 3 mo of
RT and who had CT imaging for RT planning inclusive of
the L4–L5 vertebral interspace available for review were
included in this analysis.When calculating fracture risk using
FRAX, patients who were prescribed ADT were consid-
ered to have secondary osteoporosis (one of the key inputs)
as recommended in the NCCN Guidelines (9). Screening
using FRAX without BMD was considered positive if the
10-yr hip fracture risk was 3% or if the 10-yr major osteo-
porotic fracture risk was 20% (9).

The CT attenuation of the L5 trabecular bone (L5CT)
was assessed as follows: first, Eclipse software (Varian
Medical Systems, PaloAlto, CA) was used to contour only
the cancellous bone at the midvertebral level of L5 (Fig. 1).
Care was taken so as to exclude the cortical bone, vascu-
lar channels, and any bony abnormalities. The CT attenu-
ation of the contour was then calculated using a custom
script we developed within the Eclipse Scripting Applica-
tion Programmer Interface. The script functions by aver-
aging the Hounsfield units across all voxels within the
contour (source available at https://github.com/rexcardan/
AverageHU_ESAPI).

L5CT values of 105 and 130 HU were chosen as pos-
sible screening thresholds based on the work of Pickhardt
et al, who utilized DXA as a gold standard and found

L5CT < 105 HU to be 89.4% specific for predicting osteo-
porosis and L5CT < 130 HU to be balanced with a sensitiv-
ity of 73.3% and a specificity of 74.1% (11). The cohorts
of additional patients whose FRAX-assessed risk was <3%
but were identified by each screening L5CT threshold value
were compared to the group of patients whose estimated
10-yr risk of hip fracture was 3% or greater based on the
FRAX algorithm. This threshold is the current NCCN-
recommended cut point for obtaining a DXA scan and con-
sidering treatment to increase BMD.

Categorical data were compared between groups using
the Pearson χ2 test and means were compared using the
independent samples t-test. For all patients who had un-
dergone DXA within 6 mo of the start of RT, spine BMD
(in gram per square centimeter) was recorded and as-
sessed for correlation with L5CT using Pearson’s r.All analy-
ses were performed using SPSS Statistics version 22.0 (IBM,
Armonk, NY).

Results
Of the 756 patients who underwent definitive RT in our

department between 2001 and 2012, 609 met the inclu-
sion criteria for this analysis.The reasons for excluding pa-
tients were as follows: 40 patients’ CT scans were
unavailable for review or did not extend up to L5, patient
height was missing from the medical record in 46 cases, and
the FRAX score could not be accurately calculated in 61
cases because of missing historical information (typically
tobacco or alcohol use). A description of the demo-
graphic, disease, and treatment characteristics of the cohort
is given in Table 1.All patients received external beam RT,
17 (2.8%) underwent low dose-rate brachytherapy boost,
and 391 (64.2%) received a course of ADT.

Fig. 1. Delineation of trabecular bone of L5 vertebral
body. A, anterior; P, posterior.
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