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ABSTRACT

Introduction: Domino osteoporotic vertebral fracture (OVF) is as a subsequent fracture that develops within 3
months before the initial OVF heals. There is limited evidence regarding the efficacy of osteoanabolic agents on
its treatment. This study evaluated the effects of bisphosphonates and anabolic agents teriparatide and romo-
sozumab on subsequent domino OVF.

Methods: This was post hoc analysis of a prospective, multicenter, observational study conducted across 8 hos-
pitals, enrolling 144 patients with conservatively treated OVF, grouped into patients receiving bisphosphonate
(BP, n = 55), teriparatide (TPTD, n = 62), and romosozumab (Romo, n = 27). The primary outcome was the
incidence of subsequent OVF at 3 and 12 months, whereas the secondary outcomes included the incidence of
pseudoarthrosis and progression of vertebral collapse (VC). Pseudoarthrosis was classified as stable or unstable
based on vertebral instability.

Results: The use of osteoanabolic agents did not reduce the incidence of subsequent OVF at 3 and 12 months.
There were no significant differences in the background data or type of conservative treatment among the three
groups. However, the TPTD and Romo groups had significantly lower rates of unstable pseudarthrosis (p = 0.03).
Additionally, there were no significant differences in VC progression between groups, but it tended to be higher
in the BP group than the TPTD and Romo group (p = 0.07).

Conclusion: Osteoanabolic agents were beneficial in reducing unstable pseudoarthrosis, but were not more
effective than bisphosphonates in the development of subsequent domino OVF. A more comprehensive approach
to the treatment of osteoporosis is needed to prevent domino OVFs.

1. Introduction

Meanwhile, the incidence of subsequent vertebral fractures (VF) after an
initial OVF increases with age, and the risk of subsequent fractures is

The incidence of osteoporotic vertebral fractures (OVFs) is the highest immediately after the initial fracture (Banefelt et al., 2019; van
highest among fragility fractures (Balasubramanian et al., 2019). Geel et al., 2010). Recent studies have emphasized the concept of

* Corresponding author at: 1-1 Mukogawa-cho, Nishinomiya, Hyogo 663-8501, Japan.
E-mail address: kmaruol25@gmail.com (K. Maruo).

https://doi.org/10.1016/j.bonr.2024.101762

Received 15 January 2024; Received in revised form 6 April 2024; Accepted 11 April 2024

Available online 12 April 2024

2352-1872/© 2024 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-

nc/4.0/).


mailto:kmaruo125@gmail.com
www.sciencedirect.com/science/journal/23521872
https://www.elsevier.com/locate/bonr
https://doi.org/10.1016/j.bonr.2024.101762
https://doi.org/10.1016/j.bonr.2024.101762
https://doi.org/10.1016/j.bonr.2024.101762
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

K. Maruo et al.

imminent fractures, which are fractures that occur within 2 years after
an initial fracture (Balasubramanian et al., 2019; Roux and Briot, 2017;
van Geel et al., 2010; Wong et al., 2022). Clinical VF poses the highest
risk of subsequent fracture, with a 14 % risk within one year for older
women (Balasubramanian et al., 2019). Previously, we have proposed
domino OVF as a secondary fracture that develops within 3 months
before the initial OVF heals (Kusukawa et al., 2023; Yamaura et al.,
2023). Subsequent domino OVF had an incidence of 13.6 % and nega-
tively impacted quality of life (QOL) (Kusukawa et al., 2023). Therefore,
preventing refractures after an initial OVF is essential for QOL. The
prevalence of OVFs is also a major risk factor associated with an
increased risk of subsequent OVFs (Hagino et al., 2013; Lindsay et al.,
2001). Immediate care of osteoporosis is crucial for the initial treatment
of OVF, but only a few patients receive treatment for osteoporosis at the
time of injury (Kusukawa et al., 2023). Currently, osteoanabolic agents,
teriparatide (TPTD) or romosozmab (Romo), are being used more
frequently as first-line treatments for patients with a very high risk of
fracture. (Kostenuik et al., 2023), but there is no evidence on their ef-
fects on domino OVF. This study aimed to evaluate the effects of
osteoanabolic agents, including TPTD and Romo, on subsequent domino
OVF, bony union, and progression of vertebral collapse (VC) after initial
OVF.

2. Material and methods
2.1. Study design and patient selection

This is a post hoc analysis of a multicenter, prospective, observa-
tional study (Kusukawa et al., 2023), which included 277 patients
diagnosed with OVF confirmed via magnetic resonance imaging (MRI),
who underwent conservative treatment between May 2020 and May
2022. The inclusion criteria for this analysis were as follows: acute OVF
occurring within 3 weeks, age > 60 years, use of osteoanabolic agents
(TPTD and Romo) or bisphosphonates (BP), and a minimum follow-up of
12 months. The study included multiple acute OVFs at baseline. The
exclusion criteria for the original study and therefore also for this
analysis were as follows: prevalent OVFs (>3), pathologic fractures,
spinal infections, surgery required for progression of VC, and discon-
tinuation of osteoporosis treatment due to side effects. This study was
approved by the Institutional Ethical Committee (IRB No.3562), and all
patients provided informed consent. Initially, 190 patients with at least
12 months of follow-up were included. We did not perform a power
analysis because this study was a post-hoc analysis of the subsequent
domino OVF study. We excluded 38 patients who received other
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treatments for osteoporosis, including activated vitamin D3 (n = 6),
denosumab (n = 10), and selective estrogen receptor modulators (n = 2),
no treatment (n = 20), as well as 8 patients who discontinued osteo-
porosis treatment (TPTD group, n = 7; Romo group, n = 1). Finally, the
study involved 144 patients who received treatment with BP (n = 55),
TPTD (n = 62), and Romo (n = 27) (Fig. 1). Twenty-two patients (81.5
%) in the Romo group and forty patients (61.5 %) in the BP group
received active vitamin D3. The TPTD group included patients who
received daily 20-pg TPTD (Forteo®; Eli Lilly, Japan) (n = 20), once-
weekly 56.5-ug TPTD (n = 17), and twice-weekly 56.5-ug TPTD
administration (Teribone®; Asahi Kasei Pharma, Japan) (n = 25). The
attending physicians determined the selection of medication for osteo-
porosis. Osteoanabolic agents were recommended for cases of more se-
vere osteoporosis, with multiple acute OVFs at baseline, and prevalent
multiple OVF at a high risk of domino OVF. TPTD was not given for
elderly patients who found it difficult to self-inject. Romo was not given
to patients with a history of cardiovascular ischemic events. Serum
levels of procollagen type 1 amino-terminal propeptide (P1NP) and
tartrate-resistant acid phosphatase 5b (TRACP5b) were measured at
baseline.

2.2. Radiographic and clinical assessment

Clinical, demographic, and radiographic data were obtained from
medical records. To detect subsequent OVF, all patients underwent MRI
scans at baseline, 3 months, and 12 months. Computed tomography (CT)
was performed to assess bone union at 12 months. Pseudoarthrosis was
defined as the presence of an intervertebral vacuum cleft on CT or a fluid
sign on MRI, and cases were classified as either stable or unstable. The
criteria for unstable pseudoarthrosis include 1) vertebral instability >3°,
measured in both sitting and supine positions, and 2) the lack of bridge
formation to the adjacent vertebra. This classification system is based on
objective criteria and avoids subjective evaluations (Fig. 2a, b). The
severity of VC was classified based on the Genant semiquantitative (SQ)
grading system. (Genant et al., 1993), and VC progression was defined as
progression from SQ grade 0 or 1 at baseline to SQ grade 3 at 12 months.
Patient data was blinded, and subjective evaluation of CT imaging and
MR, including vertebral fracture, SQ grade, and pseudarthrosis, was
diagnosed by six orthopaedic spine surgeons (K.M, M.T., T.K., T.Y., K.N.
and M.H. with 22, 9, 9, 8, 7, and 7 years of experience, respectively). A
diagnosis was determined if four out of six were in agreement. However,
if three or fewer agreed, a decision was made by discussion among the
six surgeons. Bone mineral density (BMD) was measured using dual-
energy X-ray absorptiometry for the lumbar spine (L2-4) and total hip

190 pts with OVFs
> 12 months follow-up

38 excluded

* None; 20

different medication * Vitamin D; 6

152 pts

BP or TPTD or Romo

discontinuation of medication

» Denosumab; 10
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BP group
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Fig. 1. Flowchart of conservative treatment for osteoporotic vertebral fracture.
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Fig. 2. a. Stable pseudoarthorosis case (a). Lateral standing position of X-ray and prone position of CT showed changes in kyphotic angle (KA) <3°. Bridge formation
was evidenced in the coronal plane of the CT scan, as depicted in the rightmost image of panel a.
b. Unstable pseudoarthorosis case. (b) Change in kyphotic angle (KA) > 3° and presence of intervertebral vacuum cleft.

at baseline and 12 months. Clinical outcomes were evaluated using the
visual analogue scale (VAS) and Oswestry Disability Index (ODI) at
baseline, 3 months, and 12 months.

2.3. Primary and secondary outcome measures

The primary outcome of the study was the incidence of subsequent
OVF at 3 and 12 months. The secondary outcomes included the inci-
dence of pseudoarthrosis, VC progression (SQ grade 3), change in BMD
at 12 months, and VAS and ODI scores. The incidence of subsequent OVF
was calculated per patient. The incidence of VC progression and pseu-
doarthrosis was calculated per vertebra.

2.4. Statistical analysis

The study analyzed the differences among the three groups using
one-way analysis of variance with Tukey's post hoc test. Differences
between baseline and 3 or 12 months were analyzed using the Wilcoxon
sum rank test. For categorical variables, the chi-square test or Fisher's
exact test was used. All statistical analyses were performed using JMP
Pro software (Version 15; SAS Institute Inc.), with P < 0.05 considered
statistically significant.

3. Results

3.1. Baseline characteristics, bone health assessment, and conservative
treatment

There were no significant differences in baseline characteristics,
including age, sex, body mass index, lumbar and total hip BMD,
TRACP5b, and PINP (Table 1). The number of prevalent OVFs and
multiple acute OVFs were not significantly different among the three
groups at baseline (Table 2). At baseline, the Romo group had signifi-
cantly more cases of SQ grade 3 VC versus the BP and TPTD groups. The
three groups were not significantly different in terms of previous anti-
resorptive therapy and equivalent types of conservative treatment,
including hospitalization and brace type. Previous osteoporosis therapy
is defined as a history of osteoporosis treatment for more than one year.
One patient received denosumab as previous osteoporosis therapy,
while four patients received selective estrogen receptor modulators
(Table 2).

3.2. Primary outcomes

The primary and secondary outcomes are shown in Table 3. There
was no significant difference across all groups in the incidence of sub-
sequent OVF at 3 months (BP: 9.1 %, TPTD: 8.1 %, Romo: 14.8 %, p =
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Table 1 Table 3
Baseline patient characteristics. Primary and secondary outcomes in the three groups.
Characteristics BP group TPTD Romo group  p- Variable BP group TPTD Romo p-
(n = 55) group (n=27) value (n = 55) group group value

(n=62) (n=62) (n=27)

Age (yrs) 78.6 £ 7.7 79.8 £7.3 79.5+ 7.5 0.69 Subsequent OVF

Sex (female) [n, (%)] 46 (84) 52 (84) 17 (63) 0.07 3 months [n, (%)] 509.1) 5(8.1) 4(14.8) 0.60

Height (cm) 152.8 + 8.7 152.2 + 154.1 + 8.0 0.61 12 months [n, (%)] 7 (12.7) 7 (11.3) 4 (14.8) 0.89
8.0 VC progression n =64 n=78 n=31 0.07

Body weight (kg) 51.5 + 8.9 52.7 £ 8.7 50.7 £ 9.5 0.58 SQ grade 3 [n, (%)] 25 (39.1) 19 (24.3) 6(19.4)

Body mass index (kg/m?)  22.1 + 3.4 22.8+3.2 21.3+3.3 0.21 BMD change at 12 months

Lumbar BMD (L2-4) (g/ 0.81 +£0.13 0.80 + 0.84 +0.17 0.58 (%)

cm?) 0.15 Lumbar (L2-4) 6.3 +8.1 81+74 8.8 +11.2 0.18

Total hip BMD (g/cmz) 0.64 £ 0.02 0.60 + 0.63 £ 0.13 0.16 Total hip —-28+ —-09+7.5 —04+73 0.39
0.02 7.9

T-score < —2.5 28 (51) 39 (63) 15 (56) 0.41 Pseudarthrosis n=67 n=87 n=40

TRACP5b (mU/dL) 457.5 + 517 £ 179 473.7 £ 0.13 Total [n, (%)] 13 (19.4) 15 (17.2) 6 (15) 0.84

2249 214.2 Unstable type [n, (%)] 11 (16.4) 4 (4.6) 2(5) 0.03*

PINP (pg/L) 70.3 £ 48.1 872+ 75.8 £ 54.4  0.52 - - -

100.8 BP; bisphosphonates, TPTD; teriparatide, Romo; romosozumab, OVF; osteopo-

Values are presented as mean =+ standard deviations or %. BP; bisphosphonates,
TPTD; teriparatide, Romo; romosozumab, BMD; bone mineral density, OVF;
osteoporotic vertebral fracture, TRACP; tartrate-resistant acid phosphatase,
PINP; type 1 amino-terminal propeptide.

Table 2
Baseline severity of osteoporosis and type of conservative treatment.
Variable BP group  TPTD Romo p-
(n =55) group group value
(n =62) (n=27)
Prevalent OVFs [n, (%)] 0.18
0 33 (60) 34 (55) 13 (48)
1 16 (29) 21 (34) 7 (26)
2 6 (11) 4 (6) 6 (22)
3 0 3(5) 14
Multiple acute OVFs [n, (%)] 7 (13) 13 (21) 6 (22) 0.41
SQ grade 3 [n, (%)] 3(5) 9 (15) 8 (30) 0.01*
Previous osteoporosis 0.97
therapy
BP [n, (%)] 7 (13) 8(13) 3(11)
Risedronate (n) 2 1 0
Minodronate (n) 1 2 2
Alendronate (n) 4 5 1
Denosumab (n) 1 0 0
SERM (n) 3 0 1
Hospitalization (yes) [n, 23 (42) 36 (58) 12 (44) 0.18
9]
Type of brace [n, (%)] 0.06
Hard 27 (49) 34 (55) 7 (26)
Soft 26 (47) 27 (44) 17 (63)
Other 24 1(2) 31

Multiple acute OVFs is >1 OVF within the 3 weeks of study enrollment; prev-
alent OVFs are OVFs before the 3 weeks of study enrollment. Values are pre-
sented as number or %. BP; bisphosphonates, TPTD; teriparatide, Romo;
romosozumab, BMD; bone mineral density, OVF; osteoporotic vertebral frac-
ture, SQ; semiquantitative, SERM; selective estrogen receptor modulator *; p <
0.05.

0.60) and at 12 months (BP: 12.7 %, TPTD: 11.3 %, Romo: 14.8 %, p =
0.89).

3.3. Secondary outcomes

No significant difference in VC progression for SQ grade 3 was
observed among the three groups (BP: 39.1 %, TPTD: 24.3 %, Romo:
19.4 %, p = 0.07). Pseudarthrosis was also not significantly different
among the groups (BP: 19.4 %, TPTD: 17.2 %, Romo: 15 %, p = 0.84).
However, unstable pseudarthrosis was significantly higher in the BP
group than in the TPTD and Romo groups (16.5 % vs. 4.6 % and 5 %,
respectively; p = 0.03). There were no significant differences in lumbar
or total hip BMD changes between the BP, TPTD, and Romo groups

rotic vertebral fracture, VC; vertebral collapse, SQ; semiquantitative, BMD; bone
mineral density.

(lumbar BMD change: 6.3 % vs. 8.1 % vs. 8.8 %, p = 0.18; total hip BMD
change: —2.8 % vs. —0.9 % vs. —0.4 %, p = 0.18). In all 3 groups, VAS
and ODI showed significant improvement at 3 and 12 months compared
to baseline (p < 0.01). There were no significant differences in VAS and
ODI between the three groups at any time point (Table 4).

4. Discussion

In this study, osteoanabolic agents did not provide any advantage
over BP in preventing subsequent domino OVF within 3 months. Some
reasons for these results are as follows. First, the administration period
could be too short to provide a substantial anabolic effect in the TPTD
group. A histomorphometric analysis revealed that bone formation
significantly increases at least 3 months after TPTD treatment (Sawa-
kami et al., 2022). Second, in previous reports, a higher prevalence of
OVF was associated with an increased risk of subsequent OVF (Hagino
et al., 2013; Lindsay et al., 2001). The anabolic agent group may have
included patients with more severe osteoporosis. Nevertheless, the risk
factors for subsequent domino OVF remain unclear and may be multi-
factorial. Although there was no statistically significant difference in
subsequent domino OVF among the three groups, the Romo group
showed a trend toward more use of soft bracing (63 %) than the BP (47
%) or TPTD (44 %) groups. Paradoxically, no subsequent OVFs were
observed in the Romo group between 3 and 12 months. Notably, Inose
et al. indicated that a soft brace was associated with a higher risk of
subsequent OVF (Inose et al., 2021). Most of the anabolic effect of
romosozumab appears within the first 3 months, and is over by the 6
months. However, using osteoanabolic agents alone to prevent domino
OVFs is difficult because the pathogenesis of domino OVF may have
multifactorial causes, such as mechanical instability due to osteoporosis

Table 4
The results of VAS score and ODI at baseline, 3 months, and 12 months across the
three groups.

Variable BP TPTD Romo p-value
(n =55) (n=62) n=27)
VAS score
Baseline 65.5 + 19.6 69.7 + 24.6 62.5 + 29.7 0.35
3 months 42.4 £+ 30.3 33.2+23.1 28.6 + 22.9 0.07
12 months 23.7 + 4.6 30.8 +£26.2 24.7 + 245 0.34
ODI (%)
Baseline 46.1 +16.7 53.9 + 20.4 48.5 + 23.2 0.21
3 months 28.3 + 20.4 34.9 +18.9 29.8 +19.32 0.26
12 months 20.7 £19.3 30.9 +19.6 27.2 +21.4 0.11

VAS; visual analogue scale, ODI; Oswestry Disability Index, BP; bisphospho-
nates, TPTD; teriparatide, Romo; romosozumab.
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medication and stress concentration caused by kyphotic deformity.

Several studies have demonstrated the advantages of TPTD over BP
or naive in terms of VC progression, bone healing, and pain (Ikeda et al.,
2020; Iwata et al., 2017; Kitaguchi et al., 2019; Nair et al., 2023; Tsuchie
et al., 2016). In particular, several reports have demonstrated earlier
bone union after treatment with TPTD than with BP (Kitaguchi et al.,
2019; Nair et al., 2023; Shigenobu et al., 2019). The incidence of
nonunion or pseudoarthrosis ranges from 9.8 % to 19.6 %, and inter-
vertebral cleft or gas is commonly seen on radiographs, CT, or MRI
(Inose et al., 2020; Takahashi et al., 2016; Tsujio et al., 2011; Wakao
etal., 2023). However, diagnosing pseudarthrosis based on the presence
of a cleft or fluid on static images is challenging, prompting us to classify
them as either stable or unstable based on dynamic factors evaluated
using X-rays in the lateral sitting position. Our study showed that the
conventional definition of pseudarthrosis was equivalent among all
groups at 12 months, as well as a comparable incidence of pseu-
doarthrosis to previous reports (Inose et al., 2020; Takahashi et al.,
20165 Tsujio et al., 2011; Wakao et al., 2023). Notably, the TPTD and
Romo groups had a significantly lower incidence of unstable pseu-
doarthrosis versus the BP group (4.6 % and 5 % vs.14.6 %). Our results
were also lower than those of previous studies of pseudoarthrosis (Inose
etal., 2020; Wakao et al., 2023), which was defined as the presence of an
intervertebral cleft in the seated position and an incidence of 9.8 %
(Wakao et al., 2023). This was likely due to our definition of pseu-
doarthrosis and the use of antiosteoporotic medication. In addition,
most studies used BP as a medication for osteoporosis, but in our study,
62.8 % of patients used osteoanabolic agents. In particular, little is
known about the effects of Romo on bone union for conservative
treatment of OVF. Hayashi et al. demonstrated that TPTD treatment had
a significantly higher union rate versus Romo at 6 months (Hayashi,
2023). Conversely, Park et al. reported a significant decrease in the
numerical rating scale for back pain in the Romo group compared to the
TPTD group, but radiographic outcomes were equivalent (Park et al.,
2023). Our study demonstrated unstable pseudarthrosis was signifi-
cantly higher in the BP group than in the TPTD and Romo groups. Also,
our results showed that the TPTD and Romo groups were superior to the
BP group in terms of bone healing at 12 months, suggesting that
osteoanabolic agents may have contributed to the formation of a bony
bridge to the adjacent vertebra.

The VC progression leads to delayed union and causes residual back
pain (Yasuda et al., 2017). In this study, there were no significant dif-
ferences among groups in VC progression, but tended to be higher in the
BP groups (39.1 %) than the TPTD (24.3 %) and Romo groups (19.4 %).
Hoshino et al. (2013) reported that VC progression was found in 31.2 %
of patients and was associated with middle-column injury, while Oku-
waki et al. demonstrated its correlation with posterior wall injury,
vertebral instability, and vitamin D levels (Okuwaki et al., 2022). Hence,
the progression of VC is related to the severity of OVF at baseline. Recent
comparative studies between BP and TPTD have shown similar pro-
gression of VC (Ikeda et al., 2020; Iwata et al., 2017). Studies have
concluded that VC progresses immediately after a fracture (Ikeda et al.,
2020), and thus it can occur before osteoanabolic agents have an effect
on vertebral mechanical strength. In our study, VC progression was not
significantly reduced after treatment with TPTD and Romo.

There was no significant difference in the change in lumbar and total
hip BMD among the three groups after 12 months. BMD, particularly
total hip BMD, decreased in all 3 groups after 12 months. The reasons for
our results are as follows. First, the baseline population of this study
included patients with severe osteoporosis, such as prevalent OVFs,
multiple OVFs, and severe VC (SQ grade 3). Second, disuse or decline of
walking ability after OVF may affect decreased BMD, with age- and sex-
related heterogeneity compared to previous reports. Notably, however,
the VAS score and ODI significantly improved at 3 and 12 months in all 3
groups, suggesting that the type of osteoporosis medication did not
affect the patient's QOL after 12 months of conservative treatment.

This study had several limitations. First, the original cohort study did
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not include a placebo or control group. Additionally, patients with se-
vere VC at baseline were significantly different among the three groups.
To prove the efficacy of osteoanabolic agents, randomized prospective
studies are required to corroborate our findings. Second, since this was a
multicenter study, the type of brace and medication were not stan-
dardized; differences in the type of conservative treatment may have
affected our outcomes. Third, the follow-up period of 12 months may
not be sufficient to observe the natural course of OVF. Longer follow-up
is required to consider kyphotic deformity and spinal alignment after
OVF. Forth, the denosumab group was excluded due to the small number
of patients in this study. Denosumab may have been administered to
patients with more severe osteoporosis than bisphosphonates. In addi-
tion, twenty patients with no osteoporosis medication were excluded.
There were no clear criteria for the management of osteoporosis medi-
cations. Fifth, the original study excluded subjects with >3 prevalent
OVFs who were likely at high risk for subsequent domino OVFs, so such
subjects were not available for this analysis. Despite these limitations,
this observational study of conservative treatment for OVF is clinically
significant and may support the selection of osteoporosis treatment.

In summary, although the osteoanabolic agents were not more
effective than the bisphosphonates in the development of domino OVF,
they significantly reduced the occurrence of unstable pseudoarthrosis. A
prospective, randomized, controlled study is needed to assess the effi-
cacy of osteoanabolic agents for subsequent OVFs. A more comprehen-
sive approach to the treatment of osteoporosis is needed to prevent
domino OVF.
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