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Abstract

Purpose Aromatase inhibitors (Als) represent the first-line adjuvant therapy for hormone receptor-positive breast cancer
(BC) women. Als have been associated with an increased rate of fractures. The aim of our study was to investigate trabecular
bone score (TBS) and bone quantitative ultrasound (QUS) measurements as bone quality surrogates in Als users.

Methods Sixty postmenopausal BC women starting Als and forty-two controls (mean age 61.64 +8.33 years) were con-
sidered. Bone mineral density (BMD) at lumbar spine and femoral neck and TBS were measured by DXA; QUS-derived
Amplitude-Dependent Speed of Sound (AD-SoS), Bone Transmission Time (BTT), and Ultrasound Bone Profile Index
(UBPI) were assessed at phalangeal site; morphometric vertebral fractures (Vfx) by X-ray, serum bone-specific alkaline
phosphatase (BSAP), and C-telopeptide of type 1 collagen (CTX) were also evaluated.

Results After 18 months, changes of TBS vs baseline were significantly different between Als group and controls [A TBS
—2.2% vs —0.4%, respectively, p=0.001]. AD-SoS, BTT and UBPI values decreased only in Als’ group (—3.7%, —6.45%,
—8.5%, vs baseline, respectively, p,; <0.001). 3 Vfx occurred in Als users and were associated with the greater TBS and
AD-SoS modifications. In the Als’ group, ATBS was associated with AAD-SoS (r=0.58, p<0.001) and AUBPI (r=0.415,
p=0.001), but not with ABMD. Moreover, ATBS was independently predicted by AAD-SoS, after correcting for BMD,
CTX and BSAP level changes (f=0.37, SE=2.44, p <0.001).

Conclusions TBS and phalangeal QUS provide useful information related to bone quality in Al-treated BC survivors and
could be considered for fracture risk evaluation.
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Introduction with tamoxifen (TAM) [1]. Their use is not always free from

adverse events; some of them may threaten quality of life

Aromatase inhibitors (Als) represent the first-line adjuvant
therapy among patients with receptor-positive breast cancer
(BC) leading to longer disease-free survival in comparison
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and adherence to treatment [2]. Due to suppression of estro-
gen levels caused by inhibition of the aromatase enzyme, Al-
treated BC survivors often develop bone loss, which occurs
at a rate at least twofold higher than those one observed in
healthy, age-matched postmenopausal women, resulting in a
significantly higher fracture incidence. In comparison with
TAM, Als lead to a 47% increased fracture risk [3].

Preventing fractures in BC survivors is mandatory, and
concerns about Al-induced osteoporosis have led to several
guidelines and recommendations [4].

Beyond bone mineral density (BMD) that is the stronger
predictor of fragility fracture, bone strength is determined
also by bone microarchitecture and materials’ properties
that cannot be measured by the current golden standard
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investigation for osteoporosis dual-energy X-ray absorpti-
ometry (DXA). As a consequence, Quantitative Computed
Tomography (QCT), high-resolution (peripheral) QCT, but
also the minimally invasive microindentation technique
have been investigated to improve bone strength recogni-
tion [5-8].

Trabecular bone score (TBS) represents a new texture
parameter coming from pixel gray-level variations in DXA
images at lumbar spine. It has been proposed to reflect bone
microarchitecture status and cumulating evidences suggest
that it may contribute to fracture risk assessment [9—11].

Quantitative ultrasound (QUS) have been recently used
in Al-treated BC women to detect bone health [12, 13],
and the previous several studies showed correlations with
DXA, prevalent vertebral fractures (Vfx), and risk of future
fractures [14—19]. In particular, our group reported data on
BMD, QUS, bone turnover markers, and morphometric Vfx
after 18 months of Als’ treatment [12]. Phalangeal QUS was
proven to be able in identifying bone loss in BC postmeno-
pausal women under Als [12].

Such as TBS, QUS may detect information related to
bone strength. QUS measurements are associated with
physical properties of bone tissue (e.g., structure and elas-
ticity affect ultrasound transmission) that contribute to bone
strength and that are not recognized by DXA [20].

To date, there is no evidence of the association between
TBS and QUS at phalangeal site in Al-treated BC women.
Aim of this study was to explore bone health by phalangeal
QUS and DXA including both BMD and TBS evaluations
in BC survivors receiving Als.

Materials and methods

Early BC postmenopausal white women taking adjuvant
endocrine therapy with Als (i.e., anastrozole, letrozole,
and exemestane) were considered. Inclusion and exclusion
criteria were described in a previous research on the same
population [12]. Briefly, women were recruited if they had
completed surgical treatment, concluded chemotherapy
and/or radiation therapy when prescribed, at least 3 months
before the start of the study. Exclusion criteria were repre-
sented by: metastatic BC, other malignancies, chronic renal
or liver failure, secondary causes of osteoporosis including
hyperthyroidism, hyperparathyroidism, hypercortisolism,
malabsorption, and diabetes mellitus, previous or current use
of active bone agents (e.g., bisphosphonates, selective estro-
gen receptor modulators, strontium ranelate, teriparatide or
PTH, calcitonin, and denosumab), but also drugs poten-
tially involving bone metabolism in the previous 6 months
(including corticosteroids, heparin, and anticonvulsant).
Women with the previous fragility fractures were excluded.
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A control group of healthy age-matched postmenopausal
women was also considered.

FRAX® algorithm (http://www.shef.ac.uk/FRAX) was
used at baseline to estimate the 10-year probability of a
major fracture (hip, clinical spine, humerus, or wrist frac-
ture) and hip fracture too. FRAX score was calculated with-
out considering BMD. Vitamin D (cholecalciferol 25,000 UI
bimonthly) and calcium (calcium carbonate 500-1000 mg
daily, when necessary to reach the recommended daily cal-
cium intake) were administered over the 18-month observa-
tion period.

In our previous study, we investigated BMD, QUS, and
bone turnover markers at baseline and after 18 months [12].
BMD was assessed by DXA densitometer (Hologic Discov-
ery) at the lumbar spine (L1-L4) and femoral site, at base-
line and after 18 months. DXA densitometer was calibrated
daily according to the manufacturer’s instruction and its
coefficient of variation (CV) was 0.5% at lumbar spine and
femoral site. Phalangeal quantitative ultrasound (QUS) of
bone was performed at the proximal phalangeal metaphysis
of the last four fingers of the non-dominant hand using a
DBM Sonic Bone Profiler (Igea, Carpi, Italy) as previously
described [12, 21, 22], and several variables were consid-
ered (i.e., Amplitude-Dependent Speed of Sound (AD-SoS),
Bone Transmission Time (BTT), Fast Wave Amplitude
(FWA), Signal Dynamic (SDy), and Ultrasound Bone Pro-
file Index (UBPI) automatically calculated [UBPI=—(0.00
18 X SDy —0.0560 x FWA 0.0560 — 1.1467 x BTT +3.0300
)]. To check for morphometric Vfx, a lateral X-ray scan of
dorsal and lumbar spine was performed at baseline and at the
end of the study, and a fracture was diagnosed if a vertebra
body had at least a 20% height reduction in the anterior, mid-
dle, or posterior height compared with the same or adjacent
vertebra according to the semiquantitative method proposed
by Genant [23].

At baseline, and at after 18 months, C-telopeptide of type
1 collagen (CTX) (Roche, Basel, Switzerland) and Bone-
Specific Alkaline Phosphatase (BSAP) (Beckman Coulter,
Fullerton, California) were measured by enzyme-linked
immunosorbent assay. High-performance liquid chromatog-
raphy was used to explore 25-hydroxyvitamin D [25(OH)
D] levels.

In addition to these preliminary variables, we further
investigated TBS through DXA images. The TBS was
obtained by iNsight software (version 3.0; Medimaps group,
Geneva, Switzerland). TBS was evaluated considering the
variogram of the trabecular bone projected image, calculated
as the sum of the squared gray-level differences between pix-
els at a specific distance and angle. TBS was then calculated
as the slope of the log—log transform of this variogram. TBS
was reported as the mean value of the individual measure-
ments for lumbar spine TBS. For longitudinal TBS compari-
son, if any vertebra was excluded at baseline, all subsequent
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TBS calculations were adjusted to ensure that identical ver-
tebral bodies were analyzed [9, 24].

Statistical analysis was performed using MedCalc soft-
ware (version 10.2.0.0; Mariakerke, 173 Belgium). The nor-
mal distribution of values was verified with the Kolmogo-
rov—Smirnov test. Student’s 7 test for paired and unpaired
observations or Wilcoxon test and Mann—Whitney test were
used as appropriate. The degree of association between two
variables was verified by Spearman’s coefficient. A multiple
regression analysis was performed to analyze the relation-
ship between a dependent variable and one or more explana-
tory variables. Values of p <0.05 were considered to indicate
statistical significance. All reported p values were two-sided.

The study was conducted in accordance with the 1964
Declaration of Helsinki and its later amendments, and writ-
ten informed consent was obtained from all the participants.

Results

The baseline main clinical characteristics of all the partici-
pants are shown in Table 1. The percentages of patients with
different grade of TBS deterioration (grade 1: TBS > 1.350,
grade 2: 1.350-1200, grade 3: < 1.200) in Als and control
group are shown in Fig. 1. Comparing the BC women with

controls, no significant differences were noticed as for the
studied variables.

FRAX-derived 10-year probability of major frac-
tures and hip fractures was significantly associated
with TBS values (r=-0.392, p<0.001; r=-0.363,
p <0.001; respectively) and with all the QUS meas-
urements (p <0.001 for all), but not with BMD values.
TBS measurement were also negatively associated with
age (r=-0.39, p<0.001) and positively related with
T-score values at lumbar spine and femoral neck (r=0.21,
p=0.04; r=0.20, p=0.04; respectively). After 18 months,
variation of TBS was significantly different between AI-
treated BC women and controls. In Al-treated BC women,
TBS significantly changed from 1.310 (1.258-1351) to
1.298 (1.244-1.328) (p <0.0001), while, in controls,
TBS variation was not significant [1.315 (1.290-1354)
to 1.312 (1.288-1.348) (p =0.18)]. Change of TBS was,
thus, significantly different between groups [A TBS (%)
—2.24+3vs —0.4+0.5, respectively, p=0.0011 (Fig. 2)].
QUS values at phalangeal site changed over time too. After
18 months, AD-SoS, UBPI, and BTT values were signifi-
cantly decreased in BC women receiving Als (—3.7%,
—6.45%, — 8.5%, respectively, p <0.001 for all), but not
in controls (—0.7%, —3.53%, —2.97%, respectively) and,
with the exception of UBPI, between-groups QUS differ-
ences were all statistically significant at the end of the

Table 1 Baseline clinical characteristics of BC women starting treatment with aromatase inhibitors and of controls

Whole population (n=102) Als (n=60) Controls (n=42) P values

Main clinical characteristics

Age (year) 61.64+8.33 60.44+8.51 63.46+7.78 0.56

BMI (kg/m?) 26.34+4.10 26.27+3.77 26.45+4.96 0.83

Time since menopause (year) 11.01+6.08 10.77+5.37 11.33+7.16 0.65

10 year probability of major fractures (%) 5.6 (4-9.9) 5.4 (3.6-9.3) 7.4 (4.1-9.7) 0.19

10 year probability of hip fractures (%) 1(0.5-3) 1(0.4-2.3) 1(0.6-3.7) 0.17
DXA measurements

L1-L4 T-score (SD) —-1.6(-2to—1.3) —1.6(—2to—1.22) —-1.7(-2t0—1.02) 0.89

Femoral neck T-score (SD) —1.85(-2.1to —1.3) —1.6(-=2to—1.3) -19(-2.1to—-14) 0.13

TBS value 1.313 (1280-1352) 1.310 (1.258-1351) 1.315 (1.290-1354) 0.45
Phalangeal QUS measurements

AD-SoS (m/s) 1869 (1796-1956) 1.874 (1.797-1992) 1.861 (1.793-1.931) 0.25

UBPI (s) 0.3 (0.21-0.47) 0.30 (0.21-0.5) 0.3 (0.2-0.44) 0.57

BTT (s) 1.2 (1.05-1.42) 1.12 (1.01-1.3) 1.16 (1.-1.3) 0.45
Bone metabolism

CTX (ng/ml) 0.48 (0.37-0.66) 0.47 (0.36-0.62) 0.54 (0.38-0.68) 0.35

BSAP (ng/ml) 14.2 (13.3-15.9) 14 (13.1-15.57) 15.1 (13.6-16.6) 0.07

25(OH)D (ng/ml) 27.6 (21.1-32) 27.5(21.3-32) 28 (21-32.75) 0.86

Data are expressed as mean +SD or median (IQR) as appropriate. P values are for comparison between Als and controls

Alsaromatase inhibitors (40% anastrozole, 40% letrozole, and 20% exemestane). DXA dual-energy X-ray absorptiometry, TBStrabecular bone
score, AD-SoS amplitude-dependent speed of sound, BTTbone transmission time, UBPI ultrasound bone profile index, CTX C-telopeptide of type
1 collagen, BSAP bone-specific alkaline phosphatase
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Grade 1: TBS >1.350, grade 2: TBS 1.350-1200, grade 3: TBS <1.200

Fig. 1 Distribution of Al-treated BC women (a) and controls (b)
according to basal TBS values

Percent change of TBS

0,0 <
0,4 _-
0,8 _-
1,2 _-
' Als Controls

Fig.2 Change (%) of TBS values over the 18-month observation
period in BC women treated with aromatase inhibitors (Als) and con-
trols
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study. In AIs’ users, a significant positive association was
observed between change of TBS and change of AD-SoS
values (r=0.58; p<0.0001) (Fig. 3), but also between
change of TBS and change of UBPI (r=0.41, p=0.001),

Modification of BMD at lumbar spine was significantly
different between Als treated BC women and controls
(=2.94% vs —0.69%, respectively, p=0.001) and the
same was observed for BMD at femoral neck (—2.5% vs
—0.39%, p=0.01). 25-OHD increased in both groups, and
CTX and BSAP increased only in Al-treated women as
previously reported [12]. At the end of the study, three
incident morphometric mild Vfx occurred in three Als’
users in comparison to one incident morphometric mild
vertebral fracture in one woman from controls. After
grouping Al-treated women in tertiles according to TBS
variation [A TBS (%) —5.8+2, —1.4+0.8, 0.6 +0.6,
respectively] and AD-SoS variation [A AD-SoS (%)
—6.8+1.8,—2.9+1.3,1+1.8, respectively], a post hoc
analysis indicated that incident Vfx occurred in the tertile
of greater negative variation of TBS and AD-SoS.

In the Als’ group, TBS variation over time was not sig-
nificantly associated with BMD changes at lumbar spine
and femoral neck (r=0.16, p=0.27 and r=0.14, p=0.36;
respectively), but was significantly associated with AD-
SoS (r=0.58, p<0.001) and UBPI (r=0.415, p=0.001)
variations.

At a multiple regression analysis, change of TBS was
independently predicted by change of AD-SoS, after cor-
recting for BMD variation at lumbar spine and femo-
ral neck and for modification of CTX and BSAP levels
(#=0.37, SE=2.44, p <0.001).

10

AD-SoS change (%)

-12 9 -6 -3 0 3 6
TBS change (%)

Fig.3 Association between percent change of TBS with percent
change of AD-SoS in BC women receiving aromatase inhibitors (Als)
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Discussion

Als are the recommended standard of care for hormone
receptor-positive BC postmenopausal women and the
duration of adjuvant endocrine therapy is increasing
beyond 5 years [1, 25].

Because of the predictable increased fracture risk, bone
loss evaluation represents a challenge in the management
of BC survivors assuming Als [3, 4].

To our knowledge, this is the first time that DXA assess-
ment including the TBS calculation was associated with
QUS measurements of bone in postmenopausal women
with early stage, hormone receptor-positive BC assuming
Als.

In accordance with the published data and in compari-
son with controls, we found increased bone loss in Als’
users consistent with the more pronounced decrease of all
DXA and QUS measurements and with a higher incidence
of morphometric Vfx [2, 3].

We evaluated TBS as a surrogate assessment of bone
quality. TBS is a novel gray-level texture measurement
based on standard DXA images, which correlates with
three-dimensional parameters of bone texture and that
provides further information on bone strength additional
to the standard BMD. Differently from BMD, it may be
less affected by spinal degenerative changes [26].

In the largest published study assessing TBS and con-
sidering 29,407 postmenopausal women in the Canadian
province of Manitoba, there were 1668 incident major
osteoporotic fractures, including 439 vertebral fractures
and 293 hip fractures over the 5 years of follow-up. BMD
at lumbar spine and TBS predicted fractures equally well,
and the combination of both performed better than either
individually [27, 28]. Moreover, TBS appeared to enhance
fracture risk prediction in those women with BMD in the
normal or osteopenic range, but not in those women in the
osteoporotic BMD range [29].

At baseline, a strong positive association between lum-
bar BMD and TBS was detected, suggesting that women
with preserved BMD were more likely to have well-main-
tained bone microarchitecture and vice versa. However,
when investigating for correlations between TBS and
BMD changes over the 18 months of Als’ treatment, we
found no significant associations. On the contrary, in the
B-ABLE prospective cohort study, after 5 years of Als,
changes in spine BMD and TBS were weakly correlated
[30]. It could be speculated that Als’ treatment may dif-
ferentially affect BMD and TBS within individual patients,
thus, providing further evidence to the dramatic impact of
Als on bone health [31].

Bone QUS measurements reflect properties of bone not
detected by DXA, and phalangeal QUS could represent

a simple screening tool to improve fracture risk predic-
tion [15]. QUS measurements were proven to distinguish
between fractured and non-fractured patients and to be
useful in different clinical settings, also in secondary oste-
oporosis [12, 13, 15, 21, 22]. In BC survivors treated with
Als, we previously explored bone health by phalangeal
QUS and observed a significant bone loss over 18 months
[12]. In the present study, we added data on TBS and
reported significant changes of TBS values due to Als’
treatment.

Interestingly, change of AD-SoS was associated with
TBS variation over the observation period. This is a novel
finding that supports the concept that phalangeal QUS and
TBS measurements may be influenced by Als’ treatment
irrespectively from BMD variation.

In the study of Hans et al., strong significant correla-
tions were obtained between TBS and three-dimensional
parameters of bone microarchitecture such as connectiv-
ity density (connD), trabecular number (TbN), and tra-
becular spacing (TbSp) derived from micro-computed
tomography acquisitions of human cadaver vertebrae. The
highest degree of correlation was detected between TBS
and connD, and TBS explained 67.2% of the variance in
three-dimensional connectivity; therefore, low TBS was
indicative of weak microarchitecture, associated with low
connD, high TbSp, and a reduced TbN, whereas a high
TBS reflected a stronger microarchitecture [10]. Further-
more, TBS was associated with trabecular microarchi-
tecture and cortical width measured by bone biopsy in
patients with chronic kidney disease [32].

Ultrasound is a mechanical wave and the QUS tools
involve ultrasound impulses that are transmitted through
the bone. Thus, the ultrasound wave may be differently
transmitted according to the bone material properties and
microarchitecture resulting in weak transmission when
quality of bone is poor.

The phalangeal bone at the metaphyseal level which we
considered for QUS investigation is a long bone consisting
of both the trabecular and the cortical components, which
are main determinants of the mechanical resistance [20].

It was previously reported that AD-SoS is mainly
affected by cortical area, cortical bone density, and cor-
tical porosity [33]. Consequently, because of Als’ treat-
ment impair both TBS and AD-SoS, we argue that BC
survivors’ fracture risk could be increased due to qual-
ity derangement of trabecular and cortical components of
bone, also beyond BMD variation. This is consistent with
the reported increased rate of fractures in Al-treated BC
survivors at sites where trabecular bone (e.g., vertebrae)
or cortical bone (e.g., femur) is prevalent [2—4].

The positive association between TBS and AD-SoS was
also indicative of concomitant disruption of trabecular and
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cortical bone, respectively, possibly explaining weaken
bone in BC survivors assuming Als.

Remarkably, the three morphometric Vfx in Als group
occurred all in those women with greater reduction of TBS.
Change of AD-SoS values was also predictive of TBS modi-
fication; thus, QUS could serve to keep information on bone
health (i.e., bone quality) regardless of BMD and bone turn-
over markers. Finally, in Als’ users, we observed unbalanced
bone turnover as suggested from modification of CTX and
BSAP, indicative of bone loss. As well, vitamin D status
improved in all the study participants due to cholecalciferol
supplementation which could have preserved at least in part
bone health and quality of life [34-36].

We acknowledge that this study has some limitations as
the small sample size and the observation period not long
enough to cover all the planned 5-10 year Als’ treatment
period. At the same time, this is the first observation of a
significant positive association between QUS measurements
at phalangeal site and DXA-derived TBS in BC survivors
taking Als.

In conclusion, in hormone receptor-positive BC postmen-
opausal women, Als could cause bone loss and enhance frac-
ture risk. Beyond BMD, TBS at lumbar spine and phalangeal
QUS measurements provide information about bone strength
and could help physicians to identify women at higher frac-
ture risk. Because QUS is a simple, inexpensive radiation-
free tool, it might be considered in the follow-up of bone
status in Al-treated BC women.
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