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Abstract

Summary Romosozumab is an effective treatment for spine osteoporosis because it reduces the incidence of new fractures and
significantly increases the percent change in the spine BMD at 12 months. The percent change in the spine BMD is higher in
patients not previously treated with other anti-osteoporosis medications.

Introduction Romosozumab appeared as a new osteoporosis medication in Japan in 2019. It is an anti-sclerostin antibody, which
increases bone formation and suppresses bone resorption. The aim of our study was to elucidate the clinical effects, safety, and
predictors of the effects of one-year romosozumab treatment.

Methods This study was an observational study designed as a pre—post study in 262 patients. Romosozumab (210 mg) was
administered subcutaneously once every 4 weeks during 12 months. We focused on incidence of new fractures, safety, bone
mineral density (BMD) at the spine and total hip, and bone metabolism markers.

Results There were five cases of new fractures during one-year romosozumab treatment. There were no fatal adverse events.
Percent changes from baseline in the spine and total hip BMD after 12 months of romosozumab treatment were 10.67% and
2.04%, respectively. Romosozumab had better effects in cases of severe osteoporosis with low spine BMD, high TRACP-5b, and
high iPINP at the start of romosozumab treatment. The percent change in the spine BMD at 12 months was significantly lower in
the group transitioning from bisphosphonates than in the group not previously treated with other anti-osteoporosis medications.
Conclusion Romosozumab is an effective treatment for spine osteoporosis because it significantly increases the percent change in
the spine BMD at 12 months. The percent change in the spine BMD is higher in patients not previously treated with other anti-
osteoporosis medications.
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Introduction

The number of osteoporosis patients is increasing in devel-
oped countries due to population aging [1]. According to
Research on Osteoarthritis/Osteoporosis Against Disability
(ROAD) study, there were 6.4 million patients with lumbar
spine osteoporosis and 17.3 million patients with hip osteopo-
rosis in Japan in 2005 [1, 2]. New therapeutic agents for
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osteoporosis have recently appeared. Since introduction of
romosozumab in Japan in 2019, there have been several pa-
pers on clinical use of romosozumab [3, 4]. Romosozumab is
a humanized antibody against sclerostin. Sclerostin, a glyco-
protein secreted by bone cells, inhibits the classical Wnt/(3-
catenin signaling to suppress bone formation [5]. Although
Wnt/(3-catenin signaling pathway is a systemically distributed
pathway, sclerostin is specifically expressed in osteocytes.
Romosozumab increases bone formation, but also suppresses
bone resorption [6]. Such uncoupling phenomenon leads to an
increase in bone density of the spine and hip and prevents new
fractures [7-9]. This pathway is a specific pathway for bone
metabolism [5]. Previous articles reported that romosozumab
caused a significant increase in bone density compared with
placebo, and some articles highlighted its effect on decreased
incidence of new vertebral and femoral fractures compared
with placebo [10]. It has been recently reported that anti-
osteoporosis drugs used before the start of romosozumab
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treatment affected the therapeutic effect of romosozumab [3,
4]. However, there were some concerns about an increased
incidence of cardiovascular and cerebrovascular events with
romosozumab compared with alendronate preparations [11].
Previous studies [4] reported the rate of increase in bone min-
eral density (BMD) and the kinetics of bone metabolism
markers during the first 6 months of romosozumab treatment,
but the effects of 12 months of treatment with romosozumab
have not yet been reported. The aim of the study was to further
understand the effects of one-year romosozumab treatment by
investigating its actual clinical effects, adverse effects, and
factors influencing the effects of romosozumab treatment.
Particular attention was paid to percent change in BMD from
baseline as well as to the kinetics of bone metabolism markers
during one-year treatment. We also aimed to elucidate the
influence of anti-osteoporosis pretreatment on the effects of
12 months of romosozumab treatment.

Material and methods

This study was an observational study and included patients
who were treated for osteoporosis at our hospital between
March 2019 and August 2020. Patients who had either low
spine BMD (BMD before starting romosozumab treatment
<-2.5 standard deviations) or previous multiple fragility bone
fractures were included in the study. The exclusion criteria
encompassed presence of cardiovascular disease (CVD) and
cerebrovascular disease (CeVD) events in the year before
starting romosozumab treatment. Romosozumab (210 mg)
was administered with a subcutaneous injection once every 4
weeks during 12 months. The study was designed as pre—post
comparison of the study endpoints. We investigated the inci-
dence of new fractures, safety, and side effects as primary end-
points. Furthermore, as secondary endpoints, we evaluated the
changes in BMD and bone metabolism markers, and evaluated
factors predicting or influencing the effects of romosozumab.
All procedures were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or com-
parable ethical standards. The study was approved by our insti-
tute Ethics Committee, number 5596. Informed consent was
obtained from all participants included in the study.

Total number of included patients was 262 (35 men and
227 women). The patients’ age ranged between 35 and 95
years (mean age 77.06 + 9.31 years) (Table 1). Among the
included patients, 201 patients (76.72%) had primary osteo-
porosis, whereas 61 patients (23.28%) had secondary osteo-
porosis due to glucocorticoids, diabetes mellitus, chronic renal
failure, end stage renal failure, rheumatoid arthritis, cirrhosis,
or multiple myeloma. The average BMD before starting treat-
ment was 0.77 g/em® (+0.011 g/cmz) at the spine and 0.62
g/em? (+£0.007 g/cm?) at the hip. More than 90% of the
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Table 1  Baseline characteristics. SE, standard error; n, number
Variable Mean (SE), n (%)
Age (years) 77.06+9.31
Gender, n (%)

Males 35 (13.36%)
Females 227 (86.64%)

Primary or secondary osteoporosis, n (%)
Primary osteoporosis 201 (76.72%)
Secondary osteoporosis 61 (23.28%)

Pretreatment (some had multiple treatment), n

Without pretreatment 115
Teriparatide 68
Denosumab 49
Bisphosphonates 79

Previous osteoporotic fracture n (%)

Total osteoporotic fracture 249 (95.04%)
Vertebral body 188 (71.76%)
BMD

Lumbear spine (L1-4) (g/cmz) 0.77+0.011
Total hip (g/cm?) 0.62+0.007

patients experienced fragility fractures before starting
romosozumab. Among them, 188 patients (71.76%) had ver-
tebral fractures (VFs). Mean number of VFs per individual
was 1.65 £ 0.10. There were 33 cases of new fractures within
3 months before the start of romosozumab treatment. Fourteen
patients received active vitamin D preparations during
romosozumab treatment.

The presence of adverse effects was recorded from the
interview every time before the injection was administered,
and it was verified using Naranjo algorithm [12]. We per-
formed dual-energy X-ray absorptiometry (DXA) to deter-
mine areal BMD at the spine (L1-L4 total) and total hip before
romosozumab treatment (0 month), after 6 months (spine
n=158; total hip n=153), and after 12 months (spine n=127,
total hip n=116). We also screened for new vertebral fracture
during the treatment by using X-ray before and after one-year
romosozumab treatment, or when symptoms appeared. Bone
densitometry equipment used in this study included Lunar
iDXA (GE Healthcare, Chicago, USA) and Discovery
(HOLOGIC, Marlborough, USA). Each patient always
underwent bone densitometry using the same device. Serum
analysis was performed before romosozumab treatment (0
month), as well as after 1, 3, 6, 9, and 12 months.
Specifically, we measured the following parameters in the
blood: corrected calcium level (Ca level), phosphate concen-
tration (serum P level), total alkaline phosphatase (tALP), cre-
atinine, serum cross-linked N-telopeptide of type 1 collagen
(sNTX) and tartrate-resistant acid phosphatase 5b (TRACP-
5b) as bone resorption markers [13, 14], and intact type I
procollagen N-terminal propeptide (iP1NP) and bone alkaline
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phosphatase (BAP) as bone formation markers [15, 16]. In
addition, we measured intact parathyroid hormone (iPTH).

There were 115 patients without previous treatment (NON
group), whereas the remaining patients had received previous
anti-osteoporosis medication (teriparatide 68 patients;
denosumab 49 patients; bisphosphonates 79 patients; some
patients had multiple treatments). No wash-out term was set.
The pretreatment groups were based on the most recent anti-
osteoporosis pretreatment before starting romosozumab, and
they included the following four groups: no pretreatment
group (NON, n=115), change from teriparatide (TPD,
n=47), change from denosumab (DMAB, n=46), and change
from oral bisphosphonates (BIS, n=54). We investigated
whether previous treatment affected the results of the current
romosozumab treatment. In these groups, we evaluated per-
cent change from baseline in spine and total hip BMD and
bone metabolism markers (TRACP-5b and iP1NP).

The least significant (LSC) and the minimum signifi-
cant change (MSC)

LSC of percent change from baseline is 2.77% and 4.16% for
the spine and total hip BMD, respectively [17]. MSC of per-
cent change from baseline of bone metabolism markers are as
follows: 16.3% for sNTX, 12.4% for TRACP-5b, 12.1% for
iPINP, and 9% for BAP [18].

Statistical analysis

We performed statistical analysis using the GraphPad Prism 8
(GraphPad software, San Diego, USA). Outliers were identi-
fied by Smirnov—Grubbs test. Paired ¢ test was used for pre—
post comparisons of normally distributed data. Pearson corre-
lation analysis and one-way analysis of variance (one-way
ANOVA) with post hoc tests (Tukey test) were also per-
formed. The cut-off value was calculated from the receiver
operating characteristic curve (ROC) analysis. Estimation of
the required sample size was based on the BMD at the spine;
specifically, when the standard deviation was 0.07 and the
effective value was 0.028 as LSC [17], the number of patients
required was 103. The p-value of 0.05 or lower was consid-
ered statistically significant.

Results

Primary endpoint: Incidence of new fractures,
compliance, safety, and adverse events during one-
year romosozumab treatment

There were five cases of new fractures during administration
of romosozumab (Table 2). Of these, three cases had VFs. The
incidence rate of new fractures was 1.91%. None of the

patients in this study showed symptoms of suspected CVD
or CeVD. There were no romosozumab-related deaths. One
case (0.38%) died, but he suffered from severe chronic ob-
structive pulmonary disease (COPD) and died of acute pneu-
monia. The Naranjo algorithm showed that his death was
doubtful as an adverse drug reaction to romosozumab, which
allowed us to consider it a non-romosozumab-related matter.
In addition, there were no cases of atypical fracture or jaw
bone necrosis during treatment with romosozumab. There
were 59 cases (22.52%) in which treatment was unavoidably
discontinued (see Table 2). The most distinctive feature was
the interruption caused by COVID-19 (eight cases, 3.05%).
Another noteworthy reason for the interruptions was the ex-
tension of prothrombin time-international normalized ratio
(PT-INR) in patients using warfarin (two cases, 0.76%).

Secondary endpoint: Effects of romosozumab
treatment on BMD at the spine and total hip

From baseline, the spine BMD increased by 6.38% + 0.5%
and 10.67% +0.8% after six (n=158) and 12 months (n=127)
of romosozumab therapy, respectively (Fig. 1a). Considering
that the LSC of percent change from baseline in the spine
BMD is 2.77% [17], the spine BMD showed significant
changes beyond LSC both at 6 and 12 months of
romosozumab therapy. On the other hand, the average percent
change from baseline in the total hip BMD was 1.01 + 0.5%
and 2.04 £ 0.6% at six (n=153) and 12 months (n=116) of
romosozumab therapy, respectively. Considering that the LSC

Table 2 Incidence of new fractures, compliance, safety, and adverse
events. CVD, cardiovascular disease; CeVD, cerebrovascular disease;
PT-INR, prothrombin time-international normalized ratio

Variable n (%)
New fractures 5(1.91)
Event

Dead 1 (0.38)
CVD and CeVD symptoms 0(0)
Atypical femoral fractures 0(0)
Jaw osteonecrosis 0(0)
Withdrawal due to complications n(%) 59 (22.52)
Due to COVID-19 8 (3.05)
Fever 3(1.15)
Injection site pain 2 (0.76)
Hospitalization at another hospital 2 (0.76)
Extansion of PT-INR 2 (0.76)
Liver enzyme elevation 1 (0.38)
Pancreatic enzyme elevation 1(0.38)
Vomiting 1(0.38)
Dental treatment 1(0.38)
Self-interruption of unknown cause 38 (14.5)
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of the total hip BMD was 4.16% [17], neither six- nor 12-
month treatment showed therapeutic effect higher than LSC.
We evaluated factors affecting the degree of percent
change in BMD with romosozumab treatment. Factors show-
ing significant association with percent change in BMD in-
cluded the spine and total hip BMD values before starting
romosozumab treatment (Fig. 1b), TRACP-5b value before
the start of romosozumab treatment (Fig. 1¢), and iPINP value
before starting romosozumab treatment (Fig. 1d). Spine BMD
level at the start of treatment showed negative correlation with
percent change in the spine BMD at six and 12 months
(p=0.0364, p=0.0355, respectively). Total hip BMD Ilevel at
the start of treatment showed negative correlation with percent
change in the hip BMD at 12 months (p=0.0082). The cut-off
value was below 0.682 g/cm? for the spine BMD and below
0.604 g/cm? for the total hip BMD. There was also a direct
correlation between TRACP-5b level before the start of
romosozumab treatment and percent change in the spine
BMD at 12 months (p=0.004). The cut-off for TRACP-5b
value was 297 mU/dL. There was also a positive correlation
between iP1NP level before the start of treatment and percent

change in the spine BMD at 12 months (p=0.0051). The cut-
off iPINP value was 29.5 mg/mL.

Secondary endpoint: Percent change from baseline in
bone metabolism markers

Corrected Ca level percent change from baseline

Percent change from baseline in serum-corrected Ca levels is
shown in Fig. 2a. Maximum decline in Ca level was recorded
at the third month of romosozumab treatment. However, no
special concomitant drug addiction was required, and the
corrected Ca value returned to approximately baseline values.

P level percent change from baseline
Percent changes in serum P levels are shown in Fig. 2a.

Maximum percent change from baseline was recorded at 6
and 9 months of treatment.
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Fig. 1 a Percent change in the spine BMD increased above LSC at both
the sixth and twelfth month whereas the percent change in the total hip
BMD did not increase above LSC neither at the sixth or twelfth month of
treatment. BMD (bone mineral density), LSC (least significant change). b
The spine BMD before starting romosozumab treatment negatively
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correlated with percent change in the spine BMD at the twelfth month.
¢ TRACP-5b value before starting romosozumab treatment positively
correlated with percent change in the spine BMD at the twelfth month.
d iPINP value before starting romosozumab treatment positively corre-
lated with percent change in the spine BMD at the twelfth month
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Percent change from baseline of bone resorption Psecent change from baseline of bone formation
markers markers and iPTH
15% 90%
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——sNTX TRACP-5b —iPINP = =iPTH BAP
IM 3M 6M M 12M IM 3M 6M M 12M
Ca -1.73% -2.31% -0.50% -0.61% -0.80% iPINP 77.34% | 54.26% | 50.23% | 41.25% 27.96%
P -0.41% 1.71% 3.02% 2.28% 1.56% BAP 52.11% | 46.35% 18.63% 9.45% 6.27%
SNTX -3.70% 2.94% 0.01% -1.07% 3.69% iPTH 29.20% | 38.01% | 31.38% | 27.90% 20.14%
TRACP-5b | -17.48% | -6.02% -8.00% 11.17% 3.56%

Fig. 2 Results of serum parameters. a While SNTX did not show any
changes beyond MSC, TRACP-5b showed changes beyond the MSC. b
Both iPINP and BAP showed changes over MSC. IPTH was elevated
throughout 12 months of romosozumab treatment. Ca (calcium), P

Percent change from baseline in bone resorption markers

Percent changes from baseline in SNTX, a bone resorption
marker, are shown in Fig. 2a. The MSC of sNTX was
16.3% [18], meaning that no significant change above the
MSC was found during the 12-month period.

Compared with the baseline, TRACP-5b levels are shown
in Fig. 2a. Evidently, compared with baseline, TRACP-5b
decreased most at the first month and increased most at the
ninth month. Since the MSC of TRACP-5b is 12.4% [18],
TRACP-5b showed a significant change during
romosozumab treatment. In addition, percent change from
baseline in TRACP-5b at first month correlated negatively
with percent change from baseline in the spine BMD at 12
months (p=0.0062). Also, there was a negative correlation
between percent change in TRACP-5b at 12 months and per-
cent change in the spine BMD at 12 months (p=0.0015).

Percent change from baseline in bone formation markers

Compared with the baseline, iPINP levels are shown in Fig.
2b. Hence, iP1NP increased significantly at the first month,
and it remained high during all 12 months, although with a
downward trend. The MSC of iPINP is 12.1% [18], meaning
that the observed changes during romosozumab treatment
were significant.

Compared with the baseline, BAP levels are shown in Fig.
2b. The maximum increase was observed at the first and third
months, and the values decreased thereafter to the twelfth
month. The MSC of BAP is 9% [18], indicating that the
changes from the first to the ninth month were significant.

(phosphorus), sSNXT (serum cross-linked N-telopeptide of type 1 colla-
gen), TRACP-5b (tartrate-resistant acid phosphatase 5b), iPINP (intact
type I procollagen N-terminal propeptide), BAP (bone alkaline phospha-
tase), iPTH (intact parathyroid hormone), M (month)

Percent change from baseline in iPTH level

Compared with the baseline, iPTH levels are shown in Fig. 2b.
iPTH was elevated throughout 12 months of romosozumab
treatment, but percent changes were moderate and nearly
constant.

Examination of factors influencing the percent
change in BMD

Results of cases with postmenopausal osteoporosis
without pretreatment with anti-osteoporosis drugs

Considering that other studies often focused only on patients
with postmenopausal osteoporosis [3, 19], we focused on
cases of postmenopausal osteoporosis without previous oste-
oporosis treatment (n=71). Percent change from baseline in
the spine BMD was 7.83 £+ 1.35% and 14.61 + 1.91% at six
and 12 months, respectively, whereas percent change from
baseline in the total hip BMD was —0.07 + 1.12% (6 months)
and 2.13 £ 1.34% (12 months). Percent changes in bone me-
tabolism markers were as follows: compared with the base-
line, TRACP-5b levels were —24.51% (£9.16%), —1.59%
(£9.81%), 7.48% (£12.91%), 13.11% (+12.29%), and
12.92% (£11.28%) at the first, third, ninth, and twelfth months
of therapy. iPINP levels were 67.10% (+21.11%), 47.15%
(£9.94%), 59.91% (£17.06%), 16.22% (£14.64%), and
4.79% (£16.77%) at the first, third, ninth, and twelfth months
of therapy. Further analysis showed that percent change from
baseline in the spine BMD at 12 months was inversely related
to the spine BMD before starting romosozumab treatment.
Percent change from baseline in the spine BMD showed a
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direct correlation between iPINP level before starting
romosozumab treatment. The cut-off values were 0.656
g/em? or less in the spine BMD and 62.90 mg/mL or more
in iP1NP before starting romosozumab (p=0.0421, p=0.0133,
respectively).

Comparison of non-pretreated group and pretreated group

Percent changes in BMD, TRACP-5b, and iPINP were com-
pared between the NON group (n=115), TPD group (n=47),
DMAB group (n=46), and BIS group (n=54).

Percent changes in the spine BMD are shown in Fig. 3a.
Between zero and 6 months, percent change from baseline in
the spine BMD was greater than LSC in all four groups.
Moreover, at six to 12 months of treatment, percent change
from baseline in the spine BMD was greater than LSC in all
four groups. Percent change in spine BMD was significantly
higher in the NON than in DMAB group at 6 months (one-
way ANOVA, p=0.0274) and BIS group at 12 months of
treatment (one-way ANOVA, p=0.0358).

Percent changes in the total hip BMD are shown in Fig.
3b. Percent change from baseline in the total hip did not
change above LSC between zero and 6 months, or between
6 and 12 months. There were no statistically significant
differences in percent changes in the total hip BMD be-
tween the groups.

Percent changes from baseline in TRACP-5b are shown in
Fig. 3c. TRACP-5b decreased in the NON, TPD, and BIS
groups 1 month after starting romosozumab treatment, where-
as in DMAB group, it increased immediately after starting the
treatment. Percent change in TRACP-5b from 1 to 12 months
was significantly higher in DMAB group compared with the
NON, TPD, and BIS groups (one-way ANOVA and Tukey
test, p=0.05).

In contrast, iPINP increased in the NON, TPD, and
BIS groups at the first month of romosozumab treatment,
and decreased thereafter (Fig. 3d). However, DMAB
group showed a continuous upward trend from 1 to 12
months. There was a significant difference between TPD
and BIS group at the first month (one-way ANOVA and
Tukey test, p=0.0003). There was a significant difference
between the NON and DMAB group, TPD and DMAB
group, and TPD and BIS group at the third month (one-
way ANOVA and Tukey test, p=0.0015, p<0.0001, and
p=0.0335). There were significant differences between
DMAB and NON/TPD/BIS groups at 6 months (one-
way ANOVA and Tukey test, p=0.001). However, no
inter-group differences were observed at the ninth month.
There were significant differences between DMAB group
and NON/TPD/BIS groups (one-way ANOVA and Tukey
test, p=0.0002) and between BIS group and NON/TPD
groups at 12 months (one-way ANOVA and Tukey test,
p=0.05).
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Comparison of romosozumab effects depending
on the presence or absence of new fracture within 3 months
before starting romosozumab treatment

We compared cases with new fractures within 3 months be-
fore starting romosozumab treatment (new Fx(+), n=33) and
those without (new Fx(-), n=229). Percent changes in the
spine BMD in new Fx(+) and new Fx(-) are shown in Fig.
4a. Percent change in the spine BMD at 12 months was sig-
nificantly higher in new Fx(+) group (p=0.0155). Percent
changes in the total hip BMD in new Fx(+) and new Fx(-)
are shown in Fig. 4b. There was no significant difference in
percent change in the total hip BMD between new Fx(+) and
new Fx(-). Percent changes from baseline in TRACP-5b and
iPINP are shown in Fig. 4c, d. Neither percent change in
TRACP-5b nor in iPINP showed significant difference be-
tween new Fx(+) and new Fx(-) patients.

Discussion

In this study, we found that 12 months of romosozumab treat-
ment was relatively safe and it improved the spine BMD.
Furthermore, the effect of romosozumab was better in cases
who had severe osteoporosis with low spine BMD, high
TRACP-5b, and high iPINP at the start of romosozumab
treatment. In addition, the effect was greater in patients who
had not been treated previously for osteoporosis with other
drugs and in the group who had started treatment with
romosozumab early after the fracture.

Incidence of new fractures: Safety and adverse events

Previous studies indicated that the incidence of new VFs
during treatment with romosozumab was 4% [11] or 0.5%
[19]. Although simple comparison was impossible due to
different patient backgrounds and selection criteria, the in-
cidence of new VFs was 1.15% in our study, which is
comparable to these reports. Since this was a retrospective
study and did not include a placebo group or other com-
parison group, future studies with comparison groups are
warranted.

Similar to previous reports [4], no fatal complications from
romosozumab were observed during the treatment course.
There was one death, but the Naranjo algorithm [12] results
suggested that it was probably not related to romosozumab.
The ARCH study reported a high incidence of CVD and
CeVD events with romosozumab and called for attention
[11, 19]. However, there were no cases in which such symp-
toms were suspected during our study. Although strict follow-
up may be required when treating high-risk patients with CVD
and CeVD, romosozumab was found to be a relatively safe
drug to use. Like in previous reports [20], we found that the
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Fig.3 a There was a significant difference between the NON and DMAB
groups in percent change in the spine BMD at the sixth month of therapy
(one-way ANOVA and Tukey test, p=0.0274). Also, there was a
significant difference between the NON and BIS groups in percent
change in the spine BMD at the twelfth month (one-way ANOVA and
Tukey test, p=0.0358). b There were no significant inter-group differ-
ences in percent change in the total hip BMD. * significant difference

frequent side effect of romosozumab was post-injection pain.
However, there were only two cases (0.76%) in which treat-
ment was discontinued due to post-injection pain. In this
study, the treatment discontinuation rate was high, and 59
cases (22.52%) were discontinued. The most common cause
was discontinuation of the visits due to COVID-19. Namely,
romosozumab is an injectable preparation that is always given
in hospital, once every 4 weeks, and cannot be handled by
online medical treatment. Therefore, there is a high risk of
treatment interruption during such an unprecedented period.
It is better to start treatment when continuous injections can be
ensured during a 12-month period. In addition, there were two
cases of prolonged PT-INR among patients taking warfarin.
According to the Naranjo algorithm, this was possibly related
to romosozumab. The detailed causal relationship is un-
known, but it is a potentially serious side effect. Therefore, it
is desirable to check coagulation status in patients using
romosozumab while being on warfarin therapy.

(between NON and DMAB groups). ** significant difference (between
NON and BIS groups). ¢ TRACP-5b decreased in the NON, TPD, and
BIS groups 1 month after starting romosozumab treatment, whereas in the
DMAB group it increased immediately after starting the treatment. d
iPINP increased in the NON, TPD, and BIS groups at the first month
of romosozumab treatment, and then decreased. However, DMAB group
showed a continuous upward trend from 1 to 12 months

Percent change from baseline in the spine and total
hip BMD

Considering LSC as a reference standard, it was found that
percent change in the spine BMD was higher than that of LSC
after 6 months of romosozumab treatment, and it was signif-
icantly improved even at the 12th month. However, percent
change in the total hip was below LSC even after 12 months of
treatment with romosozumab, indicating that romosozumab
had little effect on the total hip BMD. Romosozumab treat-
ment may be desirable for use in patients with osteoporosis of
the spine. In the phase III study [19], the therapeutic effect of
12-month romosozumab treatment was reported to be 12.1%
in percent change in the spine BMD. In this study, the entire
sample has a percent change of 10.67%, which was slightly
lower than the literature data. This may be related to the fact
that many patients in our study were previously treated with
other drugs for osteoporosis before being treated with
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Percent change from baseline of the spine BMD:
new Fracture(+) vs Fracture(-)

20%

15%

10% $
5% -
0%

oM 6M 12M

—o—ncw Fx(+) new Fx(-)

Percent change from baseline of the total hip
BMD: new Fracture(+) vs Fracture(-)

6.0%
5.0%
4.0%
3.0%
2.0%
1.0%

0.0%
oM 6M 12M

—=@=—rncw Fx(+) new Fx(-)

Percent change from baseline of TRACP-5b: new
Fracture(+) vs Fracture(-)
40%

30%

20%
10% \

0%

Percent change from baseline of iPINP: new
Fracture(+) vs Fracture(-)
100%

80%
60%

40%

20%
oM M 3M 6M M 12M /
-10% 0%
oM M M 6M IM 12M
-20% -20%
e—new FX(+) new Fx(-) e new Fx(+) new Fx(-)

TRACP-5b IM 3M 6M M 12M iPINP IM 3M 6M M 12M
New Fx(+) -10.45% 9.82% 28.61% 4.78% 4.78% New Fx(+) 83.09% 27.92% 25.71% 27.37% -5.39%
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Fig. 4 a There was a significant difference between new fracture (+) and
new fracture (-) groups in percent change in the spine BMD at the twelfth
month (p=0.0155). b There was no significant difference in percent
change in the total hip BMD between new fracture (+) and new fracture
(-) patients. ¢, d Neither percent change in TRACP-5b nor iP1NP showed
significant differences between patients with new fractures within 3

romosozumab. Examining only cases of postmenopausal os-
teoporosis not previously treated for osteoporosis, percent
change in the spine BMD at the 12th month was 14.61% in
this study, which was comparable to the previous study [19].

Percent change of corrected Ca

It is recommended to be aware of hypocalcemia during treat-
ment with romosozumab. According to this study, the highest
corrected Ca reduction rate was at the third month after
starting romosozumab treatment. In cases where corrected
Ca value at the start of romosozumab treatment was as low
as 9.0 mg/dL, Ca value should be checked by the third month.

Percent change of bone resorption markers and bone
formation markers

In this study, we investigated SNTX and TRACP-5b as bone

resorption markers as in previous reports [4]. sSNTX did not
show any changes beyond MSC throughout romosozumab
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months before starting romosozumab group and other patients. New frac-
ture (+): cases with new fractures within 3 months before starting
romosozumab treatment. New fracture (-): cases with no new fractures
within 3 months before starting romosozumab treatment. * significant
difference (between new Fx(+) and new Fx(-) groups)

treatment, and was considered unsuitable for evaluation of
romosozumab treatment. TRACP-5b was shown to change
beyond MSC in the early phase of romosozumab treatment
and was considered to be suitable for evaluation of this treat-
ment. We also found that percent change in TRACP-5b at the
first month correlated with percent change in the spine BMD
at 12 months in both the entire sample and the NON group.
Therefore, early percent change in TRACP-5b rate may be
used for rough prediction of the therapeutic effect in the fu-
ture. In this study, iPINP and BAP were examined as bone
formation markers as in previous reports [4]. iPINP showed
changed above MSC during the treatment phase from the first
to twelfth month, and BAP from the first to the ninth month,
suggesting that they are suitable as evaluation indices of
romosozumab treatment.

Percent change in iPTH

In our study, iPTH dynamics showed a peak increase up to the
third month after the start of romosozumab treatment, and then
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decreased gradually. As reported previously, this might be
related to a decrease in the level of calcium in the blood due
to treatment with romosozumab [21, 22]. Indeed, the results of
the current study showed that the greatest decrease in
corrected Ca levels occurred at the third month, and the
greatest increase in percent change in iPTH also occurred at
the third month.

Factors affecting romosozumab treatment
Factors affecting the effects of romosozumab treatment

We examined the baseline predictors of good effect of
romosozumab. First, we examined the predictors of changes
in the spine BMD above LSC in the entire group treated with
romosozumab. We found that these factors included BMD
value, TRACP-5b value, and iPINP value before starting
romosozumab treatment. In particular, the spine BMD before
starting romosozumab <0.682 g/cm?, TRACP-5b before
starting romosozumab >297 mU/dL, and iPINP before
starting romosozumab >29.50 mg/mL were good predictors
of better results of romosozumab treatment.

When we analyzed only cases with postmenopausal osteo-
porosis without pretreatment, percent change in the spine
BMD before starting romosozumab treatment and the pre-
treatment iP1NP value affected the percent change in the spine
BMD at 12 months. In particular, the spine BMD before
starting romosozumab <0.656 g/cm” and iP1NP before
starting romosozumab >62.90 mg/mL were good predictors
of better effects of romosozumab treatment in patients with
postmenopausal osteoporosis with no pretreatment. The dif-
ference in iP1NP cut-off values between the entire group and
postmenopausal osteoporosis with no pretreatment group
might be due to the inclusion of patients previously treated
with bone resorption inhibitors in the entire group.

Effects of pretreatment

Focusing on the treatment received just before starting
romosozumab treatment, we examined the NON, TPD,
DMAB, and BIS groups. The NON group showed the highest
percent change in the spine BMD, while percent changes in
the total hip did not differ significantly between the groups.
Previous the structure study (a study of romosozumab in post-
menopausal women with osteoporosis transitioning from oral
bisphosphonate therapy) showed that switch of
bisphosphonates to romosozumab treatment led to an increase
in percent change in the spine BMD by 9.8% at 12 months of
romosozumab treatment [23]. Similar to our study, the transi-
tion group from bisphosphonates was reported to have a lower
rate of increase in percent change in BMD [23].

In terms of bone metabolism markers, the DMAB group
showed the most characteristic dynamics in both bone

resorption and formation markers. However, percent change
in BMD in the DMAB group at 12 months was not signifi-
cantly different from other pretreatment groups. With
romosozumab treatment after denosumab, the increase in
BMD at 6 months was poor, but at 12 months, it showed the
same rate of increase as other pretreatment groups. Therefore,
there is no need to be concerned about the BMD value at 6
months of romosozumab treatment in patients pre-treated with
denosumab.

Our results suggested that it is more effective to start using
romosozumab before using other anti-osteoporosis drugs.
However, a certain increase in percent change in the spine
BMD can be expected regardless of the pretreatment.

Impact of fracture

The percent change in the spine BMD was high in patients
with fractures that occurred shortly before starting
romosozumab treatment. Fractures are known to affect
bone turnover, and existing reports have shown that bone
resorption first increases and then bone formation increases
[24]. Romosozumab may have a greater impact by
supplementing those changes. In cases with a new fracture,
it may be advisable to actively consider starting treatment
with romosozumab.

However, the sample size of this study was small, and there
was an imbalance in the sex ratio and a variety of secondary
osteoporosis diseases. It is necessary to increase the sample
size in the future. Also, a comparison group such as placebo
would be useful for more in-depth comparisons. The effects of
previous treatment and concomitant medication should also
be studied.

Conclusions

We showed that romosozumab significantly increased percent
change in the spine BMD at 12 months. It was also relatively
safe to use. For the evaluation of romosozumab therapy, we
believe that TRACP-5b, iPINP, and BAP are useful. We also
examined the baseline predictors of good effect of
romosozumab. Specifically, the effect of romosozumab was
better in cases of severe osteoporosis with low spine BMD,
high TRACP-5b, and high iP1NP at the start of romosozumab
treatment. After starting romoszumab treatment, percent
change in TRACP-5b level at the first month might be an
indicator for the percent change in the spine BMD at 12
months. Also, the percent change in the spine BMD was more
likely to be increased in patients who had not been previously
treated with other anti-osteoporosis medications, indicating
that anti-osteoporosis treatment should be started with
romosozumab, if possible. In addition, romosozumab treat-
ment is indicated in newly fractured patients. Continued

@ Springer



2008

Osteoporos Int (2021) 32:1999-2009

research on romosozumab treatment is needed to examine the
efficacy and impact of the drug in the future, as well as the
concomitant use of other drugs.
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type 1 collagen; TRACP-5b, Tartrate-resistant acid phosphatase 5b;
iPINP, Intact type I procollagen N-terminal propeptide; BAP, Bone al-
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