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ABSTRACT

Osteoporosis is a skeletal disease char-
acterised by reduced bone mass and de-
terioration of bone microarchitecture,
underlying a higher risk of fragility
fractures. Several options are available
for its treatment, including both anti-re-
sorptive and anabolic agents. The pre-
sent review discusses and summarises
the most recent literature on anabolic
treatment, with a focus on abalopara-
tide, and on the assessment of fragility
fracture risk, with a focus on trabecular
bone score. Finally, we provide a dis-
cussion on the effects of different anti-
osteoporotic medications in terms of
fragility fracture risk reduction.

Introduction

Osteoporosis (OP) is a progressive
skeletal disease characterised by re-
duced bone mass and deterioration of
bone architecture; it is especially prev-
alent among postmenopausal women
and the elderly population. Fragility
fractures (FFs) are a major complica-
tion of OP and may result in low qual-
ity of life along with increased morbid-
ity and mortality (1). Much effort has
been made over the last two decades to
develop new anti-osteoporotic medica-
tions (AOMs) and to accurately predict
the individual risk for FFs and drive
treatment accordingly. The present pa-
per tackles the most relevant contribu-
tions published throughout 2023 on the
evaluation of FF risk, including trabec-
ular bone score (TBS), and on anabolic
treatment of OP, with a special focus on
abaloparatide (ABL).

Abaloparatide: overview
and key findings of 2023
Several AOMs are available nowadays
for the treatment of OP. Anti-resorp-
tive agents comprise bisphosphonates
(BPs), menopausal hormone therapy

(MHT), selective estrogen receptor
modulators (SERMs) and denosumab,
whereas anabolic agents include the
parathyroid hormone (PTH) analogues
teriparatide (TPTD) and abaloparatide
(ABL), and the anti-sclerostin antibody
romosozumab, which features also an
anti-resorptive effect (2).

ABL is the second PTH-like agent after
TPTD to be approved for the treatment
of OP following the results observed in
an international, randomised, placebo-
and active-controlled trial, called The
Abaloparatide Comparator Trial In Ver-
tebral Endpoints (ACTIVE), in which
2463 postmenopausal women with se-
vere OP in 28 centres across 10 coun-
tries were randomised 1:1:1 to receive
daily subcutaneous (SC) injections
of 80 pg ABL (n=824), 20 ng TPTD
(n=818), or placebo (n=821), for a dura-
tion of 18 months. New morphometric
vertebral FFs (the primary efficacy end-
point of the ACTIVE study) occurred in
0.6% of ABL-treated patients, in 0.8%
of TPTD-treated patients, and in 4.2%
of placebo-treated patients, with a sta-
tistically significant difference being
reached between each of the anabolic
agents and placebo. ABL treatment also
decreased the risk of non-vertebral FFs
(secondary endpoint of the study) com-
pared with placebo. ABL and TPTD
were not compared in terms of FF risk
reduction because the study would
have required a much larger sample
size to yield the statistical power nec-
essary to detect any significant differ-
ence. ABL significantly improved bone
mineral density (BMD) at the lumbar
spine (LS), femoral neck (FN) and total
hip (TH) compared with placebo from
baseline to 18 months, with a treatment
difference of 10.4%, 4%, and 4.3%, re-
spectively. BMD increases in the ABL-
treated group were greater than those
in the TPTD group at TH and FN at
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all timepoints (6, 12 and 18 months),
and at LS at 6 and 12 months, but not
at 18 months. Improvements in BMD
with both ABL and TPTD were statis-
tically greater than placebo at all sites
and at all timepoints. There were more
adverse events (AEs), although mild
to moderate in severity, in the ABL
group (9.9%) than in the TPTD (6.8%)
or placebo (6.1%) groups. These were
nausea (1.6%), dizziness (1.2%), head-
ache (1.0%), and palpitations (0.9%).
No differences in serious AEs were
observed among the three treatment
groups. However, hypercalcaemia was
significantly less frequent in the ABL-
treated arm (3.4%) compared with the
TPTD-treated arm (6.4%) at all time-
points. The bone resorption marker
serum cross-linked C-telopeptide of
type I collagen (CTX) was significantly
lower in the ABL- compared with the
TPTD-treated arm. Thus, it was hy-
pothesised that the more pronounced
resorptive action of TPTD might be
responsible for the increased risk of hy-
percalcaemia compared with ABL. On
the contrary, the bone formation marker
serum procollagen type I N-propeptide
(PINP) increased in a similar fashion in
the two groups during the first month of
treatment, but after 3 months it began to
decrease in the ABL group even though
it always remained 50% above baseline
also at 18 months.

Overall, the ACTIVE study led to
three main conclusions: 1) daily SC
administrations of 80 ug ABL for 18
months significantly decreased the risk
of new vertebral or non-vertebral FFs
compared with placebo, 2) ABL treat-
ment may enhance BMD, especially
at the femur which is rich in cortical
bone, compared with both placebo
and TPTD, and 3) hypercalcaemia was
significantly less frequent in the ABL-
treated arm than both the TPTD- and
the placebo-treated groups (3). As a
result, ABL was approved in several
countries, including the United States
(April 2017) (4) and the European Un-
ion (December 2022) (5).

ABL is a 34—amino acid synthetic ana-
logue of PTH-related protein (PTHrP)
whose anabolic effect is achieved,
similarly to TPTD, thanks to tran-
sient binding to PTH type 1 receptor
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(PTHIR), a G protein-coupled recep-
tor. It was shown that structurally dif-
ferent PTH-like ligands may bind with
higher affinity to specific conforma-
tions of the PTHIR, inducing signal-
ling responses differing in duration. In
particular, TPTD binds selectively to a
G protein-independent conformation of
PTHRI1, called R°, inducing more pro-
longed and greater calcaemic respons-
es compared to that induced by ABL,
which binds selectively to a G protein-
dependent receptor conformation of
PTHIR, called RG. Since it was sug-
gested that more intermittent exposures
to PTH analogues provide more pro-
nounced anabolic effects on bone with
more limited anti-resorptive action, it
was postulated that ABL may be more
favourable on bone metabolism due to
the more transient signalling ascrib-
able to the selective binding of ABL
to the RG conformation of PTHI1R, as
compared with TPTD (6). Following
these findings, the differences between
TPTD and ABL were investigated at
the histological level, and it was shown
that while TPTD may stimulate endo-
cortical bone remodelling resulting in
increased porosity at the bone cortex
(7), ABL did not show such effect in
either animals or humans (8). A com-
parative study on oestrogen-depleted
mice published in 2023 expanded the
knowledge on this topic. The authors
claimed that while TPTD and ABL
had similar effects on long bone bio-
mechanics and gave similar protection
from trabecular bone loss at the ver-
tebrae, ABL had a more pronounced
anabolic effect than TPTD on cortical
bone, resulting in increased BMD and
cortical area at the femur. Furthermore,
only ABL succeeded at preventing
cortical marrow enlargement due to
enhanced endosteal resorption related
to estrogen depletion. Interestingly,
although both TPTD and ABL bind to
PTHIR, the analysis of bulk RNA-Seq
from cortical bone osteocytes showed
that despite inducing similar transcrip-
tomic changes, certain signalling path-
ways involving genes with a role in
bone remodelling and postmenopausal
OP were upregulated (the JAK/STAT
pathway) or downregulated (the IP3
pathway) specifically by ABL, possi-

bly explaining the differences in cor-
tical responses between the two PTH-
like agents (9). Hopefully, more studies
in the future will help fully uncover the
effects of ABL at the molecular and
histological level and thus unveil the
real differences from TPTD.

The previous paragraph may arise the
question on whether ABL may be more
efficacious than TPTD at improving
BMD in osteoporotic patients eligible
for anabolic therapy. As mentioned
earlier, the ACTIVE trial was not con-
clusive in this regard due to an insuf-
ficient sample size (3). In a more recent
report published in 2021, Cosman et al.
claimed that at present it is still not pos-
sible to clearly establish the superiority
of any anabolic agent over the other
two (10). Four multicentre randomised
clinical trials (RCT) and 12 post-hoc
analyses for a total of 2938 postmeno-
pausal women were included in a meta-
analysis published in 2023 to try to an-
swer such question. The results showed
that ABL was significantly more effec-
tive than TPTD at improving BMD at
the FN and the TH at 24 weeks, with a
high grade of evidence. Such findings
were not confirmed at the LS, although
this result was classified as with very
low grade of evidence, probably due
to the large heterogeneity in ABL dos-
ages among the 16 studies involved
in the analysis. Again, the occurrence
of hypercalcaemia in the ABL-treated
patients was half as common as in the
TPTD-treated group, although without
statistical significance (11), as opposed
to what was observed in the ACTIVE
trial (3). In conclusion, the superiority
of either anabolic agent remains con-
troversial, and more high-quality RCTs
with large sample sizes are needed to
better address this issue.

Because no Japanese patients were in-
cluded in the ACTIVE and ACTIVEx-
tend trials, a multicentre, double-blind
phase 2 RCT involving ABL treatment
was recently conducted at 10 sites in
Japan (ACTIVE-] trial); 139 Japanese
postmenopausal women with OP at high
risk of FFs were randomised 1:1:1 to
receive daily SC injections of 40 or 80
pug ABL or placebo for 48 weeks. The
results published in 2023 were consist-
ent with the global ACTIVE study and
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showed that ABL treatment increased
BMD at LS, at FN, and at TH in a dose-
dependent manner, with 80 pg ABL be-
ing more effective than 40 pg, and with
both being significantly more effective
than placebo. Most AEs were mild or
moderate and were not dose-dependent;
the most common were, again, head-
ache and dizziness. The small sample
size and the short duration of the study
did not allow to estimate the efficacy of
ABL at reducing FF risk. In conclusion,
ABL proved efficacious and safe also in
Japanese postmenopausal women with
OP (12). Consequently, a phase 3 RCT
was conducted at 21 sites in Japan; both
postmenopausal women and men with
OP were randomised 2:1 to receive daily
SC injections of 80 ug ABL or a placebo
for 18 months. BMD at LS, FN and TH
increased throughout ABL treatment,
whereas only a small increase in LS
BMD and almost no changes in TH and
FN BMD values were observed in the
placebo group, with a statistically signif-
icant difference between the two groups
being reached already at 3 months. In
the ACTIVE-] trial, treatment differ-
ences in BMD between the ABL and
placebo groups were more pronounced
at the LS, and were similar at TH and
FN, compared with what was observed
in the ACTIVE study. Even though
AEs were more frequent in the ABL
group (32%) than in the placebo group
(13.9%), the most serious AEs occurred
in the latter group. In conclusion, the ef-
ficacy of ABL in Japanese patients was
comparable to that observed in the AC-
TIVE study (13). An exploratory analy-
sis using the data from the ACTIVE-J
trial evaluated the effects of ABL on hip
geometry and biomechanical properties
in Japanese men and postmenopausal
women with OP by means of dual-ener-
gy x-ray absorptiometry (DXA)-based
hip structural analysis (HSA). Bone ge-
ometric parameters and derived strength
indices such as the periosteal outer di-
ameter (OD), average cortical thick-
ness (CoTh), bone cross-sectional area
(CSA), cross-sectional moment of iner-
tia (CSMI), section modulus (SM), and
buckling ratio (BR) were calculated at
the narrowest diameter of the FN (NN),
at the intertrochanteric (IT) region along
the bisector of the neck-shaft angle, and
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at the proximal femoral shaft (FS) 2 cm
distal to the midpoint of the lesser tro-
chanter. The results suggested that daily
80 ng ABL SC injections for 18 months
versus placebo significantly and rapidly
improved bone structural strength in all
investigated regions, indicating the po-
tential reduction in the risk of hip FFs in
Japanese patients (14).

At present, all available anabolic thera-
pies including PTH-like agents require
SC injections for their administration.
Despite their considerable benefit es-
pecially for individuals at high risk for
FFs, many patients refuse daily SC in-
jections thereby limiting the adherence
to anabolic therapy (15). Even though
several attempts have been made to
produce alternative ways of adminis-
tration for TPTD, none has eventually
reached clinical practice (16). An al-
ternative, short-weartime transdermal
method of administration, called the
solid microstructured transdermal sys-
tem (sMTS), was recently developed
for ABL and compared with the stand-
ard SC administration in a phase 3,
open-label, multicentre, non-inferiority
RCT, whose results were published in
2023. A total of 255 and 256 patients
were randomised to receive 80 ug of
ABL-SC and 300 pg of ABL-sMTS, re-
spectively, for a 12-month period. Skin
reactions at the administration site,
mostly mild in intensity, were more
common in the sMTS group, whose
safety profile was otherwise compara-
ble to the SC group. The least-squares
mean percentage change from baseline
in LS BMD at 12 months were 7.14%
in the SMTS group and 10.86% in the
SC group, with a treatment difference
of -3.72%. Due to the failure to achieve
a non-inferiority cut-off of at least -2%,
the SMTS method did not prove non-
inferior to the standard SC method of
administration, although clinically rel-
evant improvements in LS BMD were
reached with both methods (17). Con-
sidering the global crisis related to OP
treatment gap (18), reaching adequate
compliance with therapy with AOMs
among osteoporotic patients is funda-
mental. The development of new ways
of administration alternative to SC in-
jections for anabolic agents, including
ABL, is a key step in the process.

Take home messages

e ABL is an anabolic AOM which can
provide significant increases in BMD
(3). Despite claims of more benefi-
cial effects compared with TPTD es-
pecially at sites rich in cortical bone
(9), high-quality comparative studies
between ABL and TPTD with large
sample sizes are needed.

e Hypercalcaemia was significantly
less common in ABL- than in TPTD-
treated patients (3).

e ABL proved safe and efficacious in
recently published RCTs involving
Japanese patients (12) (13).

e Transdermal ABL administration did
not prove non-inferior to the stand-
ard subcutaneous injections (17). At
present, there is no way of adminis-
tration for anabolic agents other than
subcutaneous injections.

Trabecular bone score (TBS) and
estimation of fragility fracture risk:
what’s new?

As mentioned earlier, both bone mass,
expressed as BMD, and bone micro-
architecture, defined as the organisa-
tional properties of bone, may be at the
basis of OP and the subsequent FF risk.
It was previously shown that most FFs
are not justified by BMD values in the
osteoporotic range, i.e. T-scores below
-2.5 on DXA scans (19). Therefore,
it was suggested that, besides BMD
measured by DXA, a comprehensive
bone assessment should also include
trabecular bone score (TBS), a grey-
level texture measurement acquired by
conventional DXA images at the spine
level which can provide an estimation
of the quality of bone microarchitec-
ture (20). A review published in 2015
by an Expert Working Group of the
European Society on Clinical and Eco-
nomic Aspects of Osteoporosis, Osteo-
arthritis and Musculoskeletal Diseases
(ESCEO) stated that TBS can predict
major osteoporotic FFs at least par-
tially independently of BMD and clini-
cal risk factors (CRF), and suggested
that TBS may potentially change dur-
ing therapy with AOMs (21). New
evidence supporting the role of TBS
for FF risk estimation in both primary
and secondary OP was gathered and
discussed in a more recent paper pub-
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lished in 2023 (22). Throughout this
chapter, we provide a comprehensive
analysis of its most relevant points.
Firstly, in consideration of the available
and most recent literature, the authors
provided recommendations with high
level of evidence which stated 1. that
TBS can predict FFs independently of
BMD and CRFs present in the Frac-
ture Risk Assessment Tool (FRAX®)
algorithm; 2. that the combination of
FRAX® and TBS has a greater value
than FRAX® alone when predicting FF
probability in postmenopausal women
and men over the age of 50; and 3.
that TBS adjustment is most useful in
individuals with T-scores or FRAX?®
scores close to intervention thresholds
to guide the appropriate management
strategies (22).

The review (22) also focused on the
effect on TBS by different AOMs. It
was concluded that anti-resorptive
treatment with BPs, SERMs, and MHT
should be considered when the preser-
vation rather than the increase in TBS
is the goal of treatment. By contrast,
long-term treatment with denosumab
may result in significant TBS gains as
shown in a recent international RCT,
in which the proportion of postmeno-
pausal women with degraded TBS
and treated with denosumab decreased
from 48.6% to 29.1%, and that with
normal TBS increased from 26.1% to
53.2%; notably, greater improvements
in TBS were also associated with a re-
duced incidence of FFs, thus further
highlighting the role of TBS as a FF
predictor (23).

The studies included in the review
showed that all anabolic agents may
lead to notable TBS improvement. A
RCT involving postmenopausal wom-
en with glucocorticoid-induced OP
showed significant TBS improvements
with a mean of 3.7% at 36 months in
the TPTD-treated group compared
with the alendronate (ALN)-treated
group, in which TBS did not change
significantly at any timepoint (24).
Cosman et al. recently carried out a
post-hoc analysis (25) on 911 Cauca-
sian women who completed the AC-
TIVE (3) and ACTIVExtend trials (26)
and with available TBS corrected for
soft tissue based on abdominal tissue
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thickness (TBS,) at baseline, 6, 18,
and 43 months, to assess whether mean
TBS improved after 18 months of ABL
treatment compared with placebo (AC-
TIVE trial), and to evaluate whether
such improvement would stabilise
during subsequent 2-year treatment
with ALN (ACTIVExtend trial). The
results showed a TBS,, increase from
baseline by 2.4% at 6 months and 4%
at 18 months in the ABL-treated group,
with a statistically significant differ-
ence at both timepoints compared with
the placebo group in which there was
no significant change in TBS ;. The cu-
mulative increase in TBS,, from base-
line considering also the ACTIVEx-
tend trial was 4.4% in the ABL/ALN
group and 1.7% in the placebo/ALN
group, with a statistically significant
difference at 43 months. Finally, TBS,
increased from baseline to equal to or
above least significant change (LSC) in
52% of the women who were treated
with ABL/ALN, compared with 32% in
the placebo/ALN group; a much lower
probability of having a vertebral FF
was seen in patients who reached TBS
=LSC (25). For what concerns romo-
sozumab, results from the Active-Con-
trolled Fracture Study in Postmenopau-
sal Women With Osteoporosis at High
Risk (ARCH) RCT showed that TBS
improved significantly with a mean of
5.1% compared to ALN, which did not
achieve statistically significant changes
in TBS, and that among women treated
with romosozumab, those with degrad-
ed TBS decreased from 52.6% to 33%
and those with normal TBS increased
from 28.9% to 48.1% at the end of the
study (27). These results led to the con-
clusion that TBS in combination with
BMD is useful for monitoring the re-
sponse to anabolic agents (22).

Another section of the review (22) fo-
cused on secondary OP, defined as OP
caused or exacerbated by other dis-
eases or by exposure to certain medica-
tions, primarily glucocorticoids (GC)
and aromatase inhibitors (Al). The sus-
picion for secondary OP should arise
especially when considering men and
premenopausal women, although it is
often found also in postmenopausal
women (28). Shevroja et al. stated that
degraded TBS may be observed in most

diseases associated with secondary OP,
and that TBS can predict FF risk inde-
pendently of BMD in type 2 diabetes
mellitus (T2DM), chronic kidney dis-
ease, GC-induced OP, and rheumato-
logical diseases including both connec-
tive tissue diseases and inflammatory
arthropathies. Furthermore, the skele-
tal effects of treatment with Al and GC
have been shown to be reliably moni-
tored by the combination of TBS and
BMD. Despite limited evidence, TBS
seems to be less affected by degenera-
tive or inflammatory spinal changes,
namely osteophytes and syndesmo-
phytes, thereby possibly improving
the estimation of FF risk in individuals
with overestimated BMD values in the
presence of a discordantly lower TBS.
Nevertheless, it is still recommended
to exclude vertebrae with structural ab-
normalities both from BMD and from
TBS analysis (22).

Notably, the positive effect of anabol-
ic treatment on TBS was proven also
in the context of secondary OP. In a
post-hoc analysis of the ACTIVE trial
on 198 postmenopausal osteoporotic
women affected by T2DM, which is
known to be associated with decreased
bone turnover, reduced serum PTH lev-
els and serum markers of bone forma-
tion, it was observed that the 65 women
treated with ABL for 18 months had
significant TBS improvements with a
mean percentage change from baseline
of 3.72% at LS compared with placebo
(-0.56%), and when comparing ABL
and TPTD, TBS gains at LS were more
rapid at 6 months (2.63% vs. -1.32%,
respectively) and overall numerically
more pronounced in the ABL group
(3.72% vs. 2.37% at 18 months, re-
spectively), although without reaching
statistical significance at any timepoint
(29).

Take home messages

e TBS is an independent predictor
of FFs and enhances the predictive
power of FRAX®, both in primary
and secondary OP (22).

e TBS may have a decisive role in
driving management of OP patients
with T-scores on DXA or FRAX®
scores close to intervention thresh-
olds (22).
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e Anti-resorptive agents, except for
denosumab (23), provide preser-
vation rather than enhancement of
TBS. All anabolic agents proved ef-
ficacious in improving TBS (22).

Comparing anti-osteoporotic
medications in terms of reduction

of fragility fracture risk:

what do we know?

FF prevention is the most important
outcome in OP management; however,
few RCTs have been carried out to
compare the effect of different AOMs
on FF risk (30). With the assumption
that understanding such differences
may improve the development of treat-
ment guidelines, Hindel et al. carried
out a systematic review, network meta-
analysis, and meta-regression analysis
of 69 RCTs including more than 80,000
patients to characterise the effect of
AOMs on FF risk according to base-
line CRFs. The primary outcome was
all clinical fractures excluding fingers
and toes; the secondary outcomes were
vertebral FFs, non-vertebral FFs, hip
fractures, and major osteoporotic FFs,
as defined in the RCTs. For clinical
fractures and major osteoporotic FFs,
the results highlighted that BPs, PTH
analogues and romosozumab showed
a protective effect compared with pla-
cebo, whereas denosumab and SERMs
did not. BPs were less effective than
PTH analogues, and denosumab was
less effective than PTH analogues and
romosozumab. For vertebral FFs, all
AOMs were more effective than place-
bo, with denosumab, PTH analogues,
and romosozumab being superior to
oral BPs; at the hip, only SERMs had no
protective effect for hip FFs. Network
meta-analyses could not be performed
for non-vertebral FFs. In the meta-
regression analyses, anti-resorptive
therapy provided a more pronounced
incidence reduction of FFs with older
patients, compared with placebo; con-
versely, baseline CRFs had no role in
the effects of all other AOMs. In par-
ticular, anabolic agents proved more
effective at reducing FFs than anti-re-
sorptive drugs, with their comparative
efficacy being independent of CRFs.
Therefore, the authors concluded that
1. Anti-resorptive agents may be es-
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pecially beneficial for the oldest pa-
tients to reduce their FF risk, and 2. OP
management guidelines may allow an
earlier introduction of anabolic agents,
without restricting their administration
only on patients with the highest risk
of FFs (2).

Despite their advantage over anti-
resorptive therapy in terms of FF risk
reduction and BMD and TBS gains,
another recent network meta-analy-
sis found that ABL and TPTD gave a
higher incidence of withdrawals due to
AEs, the most of which were nausea,
dizziness, vomiting, headache, palpita-
tions, and leg cramps, compared with
BPs. The authors also highlighted the
relative gap in the literature concern-
ing the risk of FFs seen in the context
of sequential therapy with AOMs with
different mechanisms of action (31).
Nevertheless, considering that BMD
reduction at the hip and radius and ac-
celerated bone turnover were observed
in women switching from denosumab
to TPTD (32), it is generally not rec-
ommended to administer anabolic
therapy after denosumab or BPs (31),
especially BPs with longer skeletal
half-lives which may partially impair
the action of anabolic therapies admin-
istered afterwards, although apparently
without negative influence on FF risk
(33). Conversely, there is evidence
that the use of oral BPs may efficiently
maintain BMD gains obtained from in-
itial therapy with TPTD (34) and ABL
(26). Furthermore, denosumab after in-
itial therapy with TPTD may enhance
BMD and lead to a significantly lower
incidence of FFs, without an increased
occurrence of AEs (35). It was also
observed that denosumab after romo-
sozumab also sustained further BMD
gains as compared with placebo, with
which BMD values tended to diminish
towards baseline levels; a decrease of
bone turnover markers was also ob-
served compared with placebo (36). In
conclusion, the available evidence sug-
gests that the best strategy for reducing
FF risk consists of anabolic therapy to
enhance TBS and BMD followed by
anti-resorptive agents to maintain such
enhancements. However, more data on
FFs in the context of this type of se-
quential therapy is needed (37).

Take home messages

e Recent evidence suggested that ana-
bolic treatment could not be restrict-
ed to patients with the highest FF
risk, and may be beneficial also for
patients with lower risk profiles (2).

¢ Sequential therapy should consist of
anabolic agents for TBS and BMD
enhancement followed by anti-re-
sorptive treatment for TBS and BMD
stabilisation, and not vice versa (31).
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