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Abstract

Purpose To evaluate the utility of vertebral Hounsfield unit (HU) values from computed tomography (CT) in cancer staging
as a supplementary screening tool for bone health among prostate cancer (PCa) patients.

Methods T-scores of bone mineral density (BMD) in each lumbar vertebra (L1-L4) and hip for newly diagnosed PCa
patients (N =139) were measured using dual-energy X-ray absorptiometry (DXA). The degenerative changes in each lumbar
vertebra were assessed, and the HU values of trabecular bone in axial CT images of each vertebral body (vertebral CT-HU
value) were measured using staging CT.

Results 556 vertebrae were analyzed. 326 of 556 (59%) lumbar vertebrae had degenerative changes. The vertebral CT-HU
value was positively correlated with the lumbar BMD T-score, with higher correlation coefficients observed in vertebrae with-
out degenerative changes (r=0.655, N=230) when compared to vertebrae with degenerative changes (r=0.575, N=326).
The thresholds matching BMD T-scores of —2.0 and — 1.5 set by cancer treatment-induced bone loss guidelines were 95
HU and 105 HU, respectively. Based on the intervention threshold (lumbar BMD T-score < — 1.5), 15.1% of PCa patients
required osteoporosis treatment; and, this value increased to 30.9% when L1-L4 CT-HU thresholds that corresponded to
BMD T-score < — 1.5 were used.

Conclusion Lumbar BMD values from DXA may not reflect true bone health in PCa patients who often have lumbar degen-
erative diseases. Thresholds based on the vertebral CT-HU value can be used as a supplementary method to identify PCa
patients who need anti-osteoporosis drugs.

Keywords Bone mineral density - CT Hounsfield unit value - Dual-energy X-ray absorptiometry - Lumbar degenerative
disease - Prostate cancer

Introduction important treatments for PCa. However, ADT interferes with

normal androgen-dependent physiological functioning in

Prostate cancer (PCa), whose incidence increases with age,
is one of the most common cancers occurring in elderly
men[1]. Androgen deprivation therapy (ADT) is one of the
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organs, resulting in various adverse events. One of the seri-
ous adverse events in ADT is bone loss (the so-called cancer
treatment-induced bone loss [CTIBL]) and an increase in
fragility fractures[2, 3]. ADT for 12 months reduces bone
mineral density (BMD) by 2-5% and increases the risk of
fracture by nearly two-fold[2, 3]. Similarly, a longer duration
of ADT is associated with a greater decrease in the lumbar
and hip BMD[4].

Recent advances in surgical techniques using robotic
surgical systems have provided significant benefits to older
adults who may not withstand conventional surgery. There-
fore, the routine management of locally advanced PCa using
radiation therapy combined with ADT can be replaced by
robot-assisted radical prostatectomy, which does not require
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ADTI[S5]. This approach is suitable for newly diagnosed PCa
patients with low bone mass. Therefore, we should consider
both the adverse events caused by ADT and its anticancer
properties when selecting treatment options for localized
PCa.

BMD measurement by dual-energy X-ray absorptiom-
etry (DXA) has been highly recommended in various pub-
lished CTIBL treatment manuals for all patients starting
ADTI[6-8]. The resultant BMD T-score considerably affects
a patient’s treatment algorithm[6—8]. However, BMD values
obtained from lumbar DXA are reported to be often overes-
timated in elderly persons with concurrent lumbar degenera-
tive diseases[9]. There are no studies that have investigated
the proportion of PCa patients with spinal degenerative dis-
eases, such as degenerative arthritis, osteophyte formation,
and bone sclerosis.

Several studies have reported that the vertebral Houns-
field unit (HU) measured using computed tomography (CT)
could be used as a complementary method to assess bone
health. A positive correlation between vertebral HU value
obtained from CT (vertebral CT-HU value) and BMD from
DXA supports the use of the vertebral CT-HU value in eval-
uating bone health[10-13]. Because patients diagnosed with
PCa routinely undergo staging CT, including spinal lesions,
the vertebral CT-HU value can be obtained at no additional
costs and without further exposure to radiation. To the best
of our knowledge, previous research has not investigated
whether the vertebral CT-HU value in PCa staging can be
used as a supplementary method to identify bone health of
PCa patients who need anti-osteoporosis drugs.

In this study, we examined the relationships between the
lumbar BMD T-score from DXA and the PCa staging CT-
assessed lumbar spine degenerative changes. Additionally,
we evaluated the utility of vertebral CT-HU as a supple-
mentary screening tool for bone health in patients with PCa.

Materials and Methods
Eligibility criteria and enrollment

This prospective study enrolled consecutive male patients
newly diagnosed with PCa at our institute from November
2018 to May 2020. All patients had both abdominal CT and
DXA measurement within a month of prostate biopsy. Fur-
thermore, all patients routinely underwent pelvic MRI for
the local staging of PCa and bone scintigraphy to identify
PCa bone metastasis.

The study’s inclusion criteria were 1) men aged over
50 years 2) who had both abdominal CT and DXA done
within a month of prostate biopsy. Patients with a history of
spinal surgery, or a benign spinal tumor, or who had spinal
metastasis were ineligible for inclusion.

This study was conducted in accordance with the Dec-
laration of Helsinki and approved by the ethical review
board of our institution (IRB number 202001069). The
board waived the requirement for patients’ informed con-
sent by posting the opt-out information on the hospital’s
homepage.

BMD measurements

BMD (measured in g/cmz) was measured using DXA (Hori-
zon W; Hologic, Inc., Marlborough, MA, USA), beginning
with the areal BMD for the first (L1) to the fourth lumbar
vertebra (L4), and left hips (femoral neck and total hip).
BMD T-score was then calculated by the difference between
a patient’s measured BMD and the mean BMD in healthy
young Japanese men. We set our intervention thresholds
based on CTIBL treatment manuals as follows: patients
with BMD T-scores of < — 1.5 were eligible for interven-
tions for bone loss induced by ADT[7, 14]. The position
statement of the Japanese Society of Bone and Mineral
Research (JSBMR) in their CTIBL treatment manual rec-
ommends anti-osteoporosis drug treatment for patients with
BMD —-2.0 <T-score < — 1.5 and either a family history of
hip fracture, or > 15% of 10-year probability of major osteo-
porotic fractures based on a fracture risk assessment tool; or
in patients with BMD T-score < —2.0[7].

CT analysis for lumbar degenerative changes

Using Revolution EVO (GE Healthcare Japan, Tokyo, Japan)
CT scans, multi-planar reconstruction (MPR) CT images
were created. The settings used for each scan included a slice
thickness of 1.25 mm, a tube voltage of 120 kVp, and an
automatic exposure tube current of 50-250 mA. A spine sur-
geon (K.T.) who was blinded to patients’ clinical outcomes
measured the parameters obtained from MPR CT images
(window width, 2000; window level, 300) on a flat monitor
using in-built imaging software (Synapse; Fujifilm Medical
Co, Ltd., Tokyo, Japan).

We assessed the presence of lumbar degenerative changes
in each lumbar vertebra (L1-L4) using methods employed
in a previous study[13]. A lumbar vertebra was defined as a
vertebral bone with degenerative changes (Fig. 1): (A) it fea-
tured third-degree osteophytes in the shape of a bird’s beak
or fourth-degree osteophytes appearing as a bone bridge
according to the four-degree classification system of osteo-
phytes; (B) it had adjacent fourth-degree disk degeneration
according to the University of California at Los Angeles
Grading Scale [, (C) it had narrowed facet joint(s) with
large osteophytes, or (D) there was obvious vertebral com-
pression (>25% loss of height).
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Fig. 1 Examples of vertebrae with degenerative changes (A, C,
E) and vertebrae without degenerative changes (B, D, F). A osteo-
phytes in the shape of bird’s beak and bony bridge around vertebral
body (white arrows) and sclerotic change of bony endplate (white
arrow head) in the coronal plane. C osteophytes in the shape of bird’s
beak and bony bridge around vertebral body (white arrows), sclerotic
change of vertebral endplate (white arrow head), and osteophytes in
facet joints (black arrows) in the sagittal plane. E Osteophytes on the
facet joints (black arrows) and the narrowing of facet joint space

Vertebral CT-HU measurements

Vertebral CT-HU measurements for each lumbar vertebra
(L1-L4) were performed using the method described by
Schreiber et al.[12]. We then reconstructed precise MPR CT
axial images parallel to the coronal and sagittal plane of each

@ Springer

Fig.2 Vertebral CT-HU measurements using multi-planar recon-
struction computed tomography images. A The reconstructed axial
image in the third lumbar vertebral body. The largest possible oval
region of interest in the trabecular bone area of vertebral body was set
up and the average HU within the ROI was automatically measured.
B Slice (1) was set immediately inferior to the superior vertebral end
plate, slice (2) was set in the middle of vertebral body, and slice (3)
was set immediately superior to the inferior vertebral end plate

vertebral body, and the largest possible oval regions of inter-
est (ROI) in the trabecular bone area of the vertebral body
were set up so as not to include the cortical shell (Fig. 2A).
The average CT-HU value within this click-and-drag ROI
was calculated automatically using an in-built imaging
software. The average CT-HU value was measured on the
axial images at L1 through L4 at three separate locations:
1) immediately inferior to the superior vertebral end plate,
2) in the middle of the vertebral body, and 3) immediately
superior to the inferior vertebral end plate (Fig. 2B). The
average CT-HU values from the three axial images obtained
at these three separate locations described the mean CT-HU
value for each lumbar vertebra (L1-4).

Statistical analysis

Statistical analyses were performed using the JMP software
(version 12.2.0; SAS Institute, Inc., Cary, NC, USA). The
three groups were assessed using one-way analysis of vari-
ance followed by the Tukey—Kramer honestly test for multi-
ple comparisons. P value of <0.05 was considered statisti-
cally significant. Associations between continuous variables
were expressed using the Pearson’s correlation coefficient
test. To assess the utility of vertebral CT-HU, we plotted
receiver operating characteristic (ROC) curves to compute
the largest area under the curve (AUC).

Results
Participant selection and participant characteristics

Altogether, 150 consecutive men diagnosed with PCa were
enrolled in the study. Two men with metastasis in the lumbar
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spine and nine men with incomplete data were excluded,
leaving 139 men who were included in the final analysis
(Supplemental Fig. 1). The baseline characteristics are
shown in Table 1. The mean age was 73.4 years (range
52-90). The mean serum testosterone level was 5.15 ng/mL
(range 1.43-12.2). ADT as a future PCa treatment was pre-
scribed for 78 patients (56%).

BMD and BMD T-score measurements

The mean values of BMD and BMD T-score in the lum-
bar spine (L1-L4) and left hips are shown in Supplemental
Table 1. BMD T-scores gradually increased as the lumbar
level progressed from L1 to L4.

Comparing patient groups by patient
characteristics, BMD and vertebral CT-HU score

All 556 vertebrae (4 for each patient) belonging to the 139

patients were assessed for the presence of lumbar degen-
erative changes. There were 326 vertebrae (59%) with

Table 1 Characteristics of study participants with prostate cancer

Characteristics Total (N=139)
Age (years) 73.4+72
Height (m) 1.67+0.06
Weight (kg) 65.1+10.2
BMI (kg/m?) 23.7+3.10
Current smoking

No 126 (91%)

Yes 13 (9%)
Alcohol 3 or more units per day

No 97 (70%)

Yes 42 (30%)
PSA (ng/mL) 152+214
Gleason Score

6 15 (11%)

7 100 (72%)
8-10 24 (17%)
Testosterone (ng/mL) 5.15+1.95

Clinical stage
A 1 (1%)
B 110 (79%)
C 21 (15%)
D1 3 (2%)
D2 3 (2%)
ADT
+ 78 (56%)
- 61 (44%)

ADT androgen deprivation therapy, BMI body mass index, PSA pros-
tate-specific antigen

degenerative changes observed in L1 (51%), L2 (57%), L3
(58%), and L4 (68%). Based on the number of vertebral
bones between L1 and L4 with degenerative changes, all
patients were divided into three groups. Fifty-one patients
(Group B, 37%) had one or two vertebrae with degenera-
tive changes, 68 patients (Group C, 49%) had three or four
lumbar vertebrae with degenerative changes, and only
20 patients (Group A, 14%) had no lumbar degenerative
changes (Table 2).

Patients with a higher vertebral degenerative change were
older (p=0.013). When comparing individual groups, the
L1-L4 BMD and BMD T-score values significantly differed
by patient group (p <0.001). No significant differences were
observed among the three groups regarding hip BMD val-
ues and vertebral CT-HU values, which are less affected by
degenerative changes (Table 2).

Validity of vertebral CT-HU

The vertebral CT-HU was positively correlated with lumbar
BMD T-score with higher correlation coefficients in verte-
brae without degenerative changes (r=0.655, N=230) than
in vertebrae with degenerative changes (r=0.575, N=326)
(Fig. 3A). The ROC curves and AUC results for predict-
ing a BMD T-score of < — 1.5 and < —2.0 in 230 vertebrae
without degenerative changes are shown in Fig. 3B. The
optimal cut-off vertebral CT-HU corresponding to< — 1.5
was 105 HU with 68.4% and 75.0% sensitivity and specific-
ity, respectively (AUC=0.782 [95%CI, 0.710—0.853]). The
optimal cut-off vertebral CT-HU corresponding to < —2.0
was 95 HU with 76.9% and 77.6% sensitivity and specificity,
respectively (AUC=0.808 [95% CI, 0.703 — 0.914]).

Proportion of patients in need of anti-osteoporosis
treatment

We compared the percentages of PCa patients in need of
anti-osteoporosis treatment based on the JSBMR treat-
ment algorithm and several types of bone health thresholds
(Table 3). Using the lumbar BMD T-score < — 1.5, the per-
centage of patients with PCa who needed osteoporosis treat-
ment was 15.1%, and this percentage increased to 30.9%
based on the L.1 — L4 CT-HU threshold, which corresponded
to a BMD T-score < — 1.5. The percentages of patients
with no need of osteoporosis treatment as evaluated by the
L1—-L4 CT-HU threshold (69.1%) did not differ from that
evaluated by DXA-derived BMD T-score obtained from both
lumbar spine and hips (68.3%). Based on a lumbar BMD
T-score < — 2.0, the percentage of PCa patients who were
highly in need of osteoporosis treatment was 10.1% and this
percentage was 25.9% using the L1 —L4 CT-HU threshold,
which corresponded to a BMD T-score of —2.0.
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Table 2 Demographic

e Group A (n=20) Groups B (n=51) Groups C (n=068) P value

characteristics, BMD, and

vertebral CT-HU categorized Age 70.4+6.0 723+7.1 75.1+£9.2 0.013

gzgi‘;rr‘;‘ﬁ“izecrh‘;i‘g;i‘:;veegth BMI (kg/m?) 238432 23.6+32 23.743.0 0.960

L1 and L4 PSA (mg/mL) 18.3+4.8 11.0+3.0 17.4+2.6 0.215
BMD (g/cm?)
L1 0.84+0.11 0.93+0.16 1.01+£0.22¢ 0.002
L2 0.86+0.15 0.98+0.17 1.09+0.224f <0.001
L3 0.90+0.17 1.03+0.192 1.15+£0.220f <0.001
L4 0.93+0.18 1.08+0.21% 1.18 +0.25¢ <0.001
L1-L4 0.88+0.15 1.01+0.17* 1.11£0.22%¢ <0.001
Femoral neck 0.71+0.12 0.76 +0.15 0.74+0.14 0.474
Total hip 0.88+0.13 0.94+0.15 0.92+0.21 0.451
BMD T-score
L1 —0.55+0.87 0.21+1.21 0.77 +1.749 0.002
L2 —0.73+1.11 0.22+0.33 1.08 +1.68%F <0.001
L3 —0.65+1.30 0.36+1.53 1.28 +1.73%f <0.001
L4 —0.55+1.39 0.62+1.65 1.41+1.97%f <0.001
L1-L4 -0.91+1.31 0.19+1.54 1.08 + 1.944¢ <0.001
Femoral neck —-0.92+1.41 —-0.38+1.72 —-0.60+1.54 0.433
Total hip 0.08+1.31 0.45+1.51 0.49+1.49 0.527
Vertebral CT-HU
L1 127.9+32.6 129.3+40.6 1343+43.9 0.734
L2 119.5+30.1 124.4+38.1 13224473 0.398
L3 115.4+32.3 119.3+44.4 129.9+47.7 0.290
L4 113.2+32.1 126.1+48.4 119.8+45.3 0.518
L1-L4 12524278 135.2+40.8 128.2+42.6 0.656

Group A: patients with no lumbar degenerative changes between L1 and L4; Group B, those with degen-
erative changes in one or two lumbar vertebrae; Group C, those with degenerative changes in three or
four lumbar vertebrae. Statistical tests used were one-way analysis of variance and the Tukey—Kramer test
among groups A, B, and C (group A vs. B; “P<0.05, °P<0.01, group A vs. C; °P<0.05, “P<0.01, group

B vs. C; °P<0.05, P<0.01)

BMI body mass index, BMD bone mineral density, CT computed tomography, HU Hounsfield unit, PSA

prostate-specific antigen

Using the lowest T-score from both lumbar and hip BMD
T-score < — 1.5, the percentage of patients with PCa who
needed osteoporosis treatment was 31.7%, and this per-
centage increased to 44.6% based on the L1 —L4 CT-HU
threshold combined with BMD T-score obtained from
both lumbar spine and hips, which corresponded to a BMD
T-score < — 1.5. Twenty-two patients (15.8%) showed the
discordance between hip BMD value and L1 —L4 CT-HU
threshold. In these patients, the hip BMD value was normal
(T-score> — 1.5), but the L1 — L4 CT-HU threshold showed
lower bone mass (T-score < — 1.5).

Discussion
This is the first prospective study to evaluate the accuracy

of lumbar BMD values measured by DXA and the utility of
vertebral CT-HU value based on PCa staging CT. This study

@ Springer

showed that lumbar degenerative disease frequently occurs
in patients with PCa, which has an impact on lumbar BMD
values. Bone health screening using the vertebral CT-HU
value is a supplementary tool to identify PCa patients in
need of CTIBL prevention.

BMD measurement using DXA is the gold standard
for diagnosis of osteoporosis and is recommended for
all patients starting ADT[6-8, 16—18]. However, lumbar
BMD measurements from DXA have some limitations
especially in patients with lumbar degenerative disease[9,
19, 20]. Muraki et al. reported that lumbar degenerative
disease increases lumbar spine DXA-derived BMD by 15%
[19]. Tenne et al. argued that degenerative changes that are
very common among elderly persons frequently increase
from vertebrae L1 to L4 resulting in the under-diagnosis of
osteoporosis [20]. In this study, 119 of 139 (86%) patients
and 326 of 556 (59%) lumbar vertebrae in PCa patients
(the mean age: 73.4 years) had obvious degenerative
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Fig.3 A The correlation between lumbar T-score from DXA and
vertebral CT-HU value with scatter plots and regression lines for
both vertebral without degenerative changes (DC) and vertebral with
DC. B Receiver operating characteristic (ROC) curves in 230 ver-

changes. There was a significant relationship between the
number of vertebrae with degenerative changes and L1-4
BMD T-scores from DXA. Similar to previous reports, this
study also revealed that lumbar degenerative disease is a
common comorbidity in elderly PCa patients, and lumbar
DXA-derived BMD may be overestimated.

1 - specificity

tebrac without degenerative changes for both DXA-derived BMD
T-score= —1.5 (A) and DXA-derived BMD T-score= —2.0 (B). The
area under the curve (AUC) was calculated for each ROC curve

The International Society for Clinical Densitometry rec-
ommends that BMD should be measured in both lumbar ver-
tebrae and hips, and the lowest T-score is used to diagnose
osteoporosis [21]. Although hip BMD is used as an alterna-
tive to lumbar BMD, hip BMD measurement is wrought with
challenges, such as a lower reproducibility of measurement
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Table 3 Treatment algorism by the position statement of the Japanese Society of Bone and Mineral Research in their CTIBL treatment manual

evaluated by various indices related to bone health

Follow-up with routine
BMD measurements

Recommenda-
tion for medica-
tion

Recommendation for medi-
cation with conditions

T-score from DXA

CT-HU threshold which corresponds to T-score from DXA
Lumbar BMD from DXA

Hip BMD from DXA

The lowest T-score from both lumbar and hip BMD
Vertebral CT-HU L1-4

Lumbar and hip BMD combined with Vertebral CT-HU L1-4

—15<

105<

84.9% (N=118)
73.4% (N=102)
68.3% (N=95)
69.1% (N=96)
55.3% (N=77)

—20<and< -1.5 <-=20
95<and< 105 <95

5.0% (N=1T) 10.1% (N=14)
8.6% (N=12) 18.0% (N=25)
10.8% (N=15) 20.9% (N=29)
5.0% (N=17) 25.9% (N=36)
7.9% (N=11) 36.7% (N=51)

BMD bone mineral density, CT computed tomography, HU Hounsfield unit, DXA dual-energy X-ray absorptiometry

and discordance between hip and lumbar BMD measure-
ments [22-24]. In this study, 22 patients (15.8%) showed the
discordance between hip BMD value and L1 —L4 CT-HU
threshold. Diagnosing osteoporosis on the basis of hip BMD
is likely to fail to identify PCa patients in need of CTIBL
prevention. Re-analysis of lumbar BMD values by exclu-
sion of the vertebra with fractures or degenerative changes
and understanding the discordance between hip and lumbar
BMD may be challenging for urologists who are not conver-
sant with diagnosing osteoporosis. Therefore, developing a
simple method to evaluate bone health is required.

In this study, vertebral CT-HU measurements which show
bone density of trabecular bone within the cortical shell were
performed using a simple method described by Schreiber
et al.[12]. They reported the excellent reliability for the
reproducibility of measurements that intra-observer and
inter-observer intra-class correlation coefficients were 0.964
and 0.975, respectively. Choi et al. performed a retrospective
study using DXA and CT, and categorized 110 patients into
the degenerative group and the non-degenerative group simi-
lar to how we did it[25]. They reported a higher correlation
between mean L.1-L.4 CT-HU value and BMD T-score in the
non-degenerative group (r=0.734) when compared to the
degenerative group. Zou et al. also reported a positive and
higher correlation (r>0.7) between vertebral CT-HU val-
ues and BMD T-score in the non-degenerative group when
compared to the degenerative group [13]. In this study, the
correlation coefficient of lumbar BMD T-score and verte-
bral CT-HU was 0.655 in vertebrae without degenerative
changes. Our correlation coefficient was slightly lower than
that reported in previous studies [13, 25] since all our sub-
jects were men who were more likely to have spinal diseases
with more severe degenerative changes.

We identified lumbar DXA-derived BMD T-score and
vertebral CT-HU thresholds matching BMD T-score of —2.0
and — 1.5 from linear regression equations in vertebrae
without degenerative changes. All previous studies have
identified a vertebral CT-HU threshold for distinguishing

@ Springer

osteoporosis (T < —2.5) from osteopenia (—2.5<T< —1)
[26]. Pickhardt et al., in a study of 1,867 participants,
reported the L1 thresholds which matched a BMD T-score
of —2.5 was 135 HU[10]. Zou et al. reported that the ver-
tebral CT-HU thresholds matching a T-score of —2.5 were
110, 100, 85 and 80 HU for L1, L2, L3 and L4, respectively
[13]. The vertebral CT-HU thresholds obtained from our
study are similar to that obtained from previous studies [12,
13, 25]. However, it is impossible to directly compare the
validity of the thresholds obtained from the present study to
that of previous studies because of the present study’s BMD
T-scores < — 1.5 and — 2.0 set as the intervention thresholds
for CTIBL[7, 14].

In this study, osteoporosis treatment targets were selected
in all patients, including patients with lumbar degeneration.
The percentage of patients in need of osteoporosis treatment
as determined by lumbar DXA-derived BMD was about half
that evaluated using both lumbar and hip BMD from DXA
or vertebral CT-HU value. These data may indicate that
assessment of lumbar DXA-derived BMD alone underes-
timates the number of patients who need anti-osteoporosis
treatment in PCa patients, who have a high frequency of
lumbar degeneration. The vertebral CT-HU measurement
has several advantages, including: 1) being a simple and
easy measurement for urologists to assess using the routine
PCa staging CT, 2) accurate measurement by exclusion of
regions with obvious spinal degeneration or aorta calcifica-
tion, 3) finely distinguishing between cortical bone which
is less affected by osteoporosis and trabecular bone that is
more affected by osteoporosis[27-30], and 4) it can be avail-
able at no additional costs and without additional radiation
exposure.

There were some limitations in this study. This study
had a small sample size. Second, this study only included
Japanese patients; thus, its results may not be generalizable
to other populations. Third, the relationship between the
CT-HU value and fracture risk were not evaluated in this
study. Further studies with larger sample size are necessary
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to investigate whether the lumbar CT-HU values can predict
fracture risk and be used as a complementary screening tool
for bone health.

In conclusion, lumbar degenerative disease is a common
comorbidity in elderly PCa patients, and lumbar DXA-
derived BMD may be overestimated. The vertebral CT-HU
value provides additive information to better identify PCa
patients who need CTIBL prevention.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00774-022-01328-4.
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