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Abstract

Romosozumab can increase bone mineral density (BMD) in patients with osteoporosis, but some patients do not respond to
it. This study aimed to identify risk factors for being a nonresponder to romosozumab treatment. This retrospective obser-
vational study included 92 patients. Romosozumab (210 mg) was subcutaneously administered to the participants every
4 weeks over 12 months. We excluded patients who previously underwent treatment for osteoporosis to assess the impact
of romosozumab alone. We evaluated the proportion of patients who did not respond to romosozumab treatment to the
lumbar spine and hip with increased BMD. Nonresponders were defined as those with a bone density change of < 3% after
12 months of treatment. We compared demographics and biochemical markers between responders and nonresponders. We
found that 11.5% of patients were nonresponders at the lumbar spine, and 56.8% were nonresponders at the hip. A risk factor
for nonresponse at the spine was low type I procollagen N-terminal propeptide (P1NP) values at 1 month. The cutoff value
for PINP at month 1 was 50 ng/ml. We found that 11.5% and 56.8% of patients experienced no significant improvement
in the lumbar spine and hip BMD, respectively. Clinicians should use nonresponse risk factors to inform decisions about

romosozumab treatment for patients with osteoporosis.
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Introduction

As the populations of developed countries continue to age,
the number of patients affected by osteoporosis has increased
[1]. Globally, > 200 million women have osteoporosis [2].
Patients with osteoporosis are at an increased risk for fragil-
ity fractures, which are associated with high 1-year mortality
rates. For example, between 5.9% and 28% of vertebral frac-
tures and 15.1% and 23.3% of proximal hip fractures result
in mortality within one year [3, 4]. Additionally, patients
with fragility fractures have a lower quality of life; simulta-
neously, their caregivers’ quality of life is also reduced [5].
Recent reports indicate that therapeutic intervention with
appropriate drugs can reduce mortality after spine and hip
fractures in patients with osteoporosis [6, 7]. This evidence
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suggests that therapeutics are an essential intervention for
osteoporotic fractures.

Romosozumab is an effective monoclonal antibody that
binds to and inhibits sclerostin, thereby increasing bone min-
eral density (BMD) [8]. A lack of sclerostin is a cause of van
Buchem disease, an autosomal recessive inherited form of
sclerosteosis characterized by progressive bone thickening
[8]. Romosozumab’s efficacy was demonstrated in a large
phase III clinical trial in postmenopausal females, which
reported that one year of romosozumab treatment led to a
13.3% increase in lumbar spine BMD and a 6.8% increase
in total hip BMD [9]. Romosozumab increases bone forma-
tion markers and decreases bone resorption markers, thereby
rapidly increasing BMD via its dual effects on bone forma-
tion and breakdown [9]. When used clinically, romosozumab
can rapidly increase BMD, particularly in the lumbar spine
[10-12]. However, there are few reports on which patients
respond favorably to romosozumab treatment [10, 11], and
some patients do not experience a meaningful increase in
BMD. This study aimed to identify variables that can be
used as early predictors of nonresponse to romosozumab
treatment. Clinicians could use these predictors to determine
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a patient’s likelihood of nonresponse to romosozumab,
improving osteoporosis treatment outcomes.

Method
Study Design and Subjects

This retrospective observational study included patients
treated with romosozumab at our hospital and affiliated
hospitals from March 2019 to December 2021. All patient
information and outcome data were extracted from patients’
medical records. All of the patients were Asian. Patients
were included in the study if they had multiple low-energy
fractures (including vertebral fractures, proximal femur frac-
tures, proximal humerus fractures, and distal radius frac-
tures) or low BMD values at the spine or total hip (<2.5
standard deviations) before starting romosozumab treat-
ment. The use of other antiosteoporosis treatments before
treatment with romosozumab affects romosozumab effi-
cacy [10, 11, 13, 14]. Therefore, we only included patients
who had started osteoporosis treatment with romosozumab
and had no previous exposure to other osteoporosis medi-
cations. Patients diagnosed with cerebrovascular disease
within 1 year of starting romosozumab and those who did
not complete > 12 months of romosozumab treatment were
excluded from the study. We excluded the patients with high
parathyroid hormone (PTH) levels (> 70 pg/ml) and vita-
min D deficiency (250H VitD < 20 ng/ml) [15, 16]. Patients
included in the study received subcutaneous injections of
romosozumab (210 mg) once every 4 weeks. In our hospital,
a nurse always injects patients with romosozumab.

Data Collection and Preparation

BMD tests were performed using dual-energy X-ray absorp-
tiometry. Spinal BMD was evaluated at L1-L4, and hip
BMD was measured using the entire hip. BMD measure-
ments were taken at months 0, 6, and 12 after starting romo-
sozumab treatment. Discovery (Hologic, Marlborough, MA,
USA) and Lunar iDXA (GE Healthcare, Chicago, IL, USA)
units were used for bone densitometry, but each patient was
measured with the same device throughout their assess-
ments. Although we used different DEXA instruments for
our multicenter study, a previous study concluded that the
accuracy of Hologic and Lunar DEXA machines is consist-
ent, and they can be used with confidence in multicenter
clinical trials [17]. Patient characteristics extracted from
medical records include age, sex, body mass index (BMI),
primary or secondary osteoporosis diagnosis, and con-
comitant use of vitamin D (yes/no). Blood tests to assess
renal function (estimated glomerular filtration rate; eGFR),
PTH, 250H Vitamin D (250H VitD), and bone metabolism
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markers were performed at 0, 1, 3, 6, 9, and 12 months after
starting romosozumab treatment. Intact type I procollagen
N-terminal propeptide (iP1NP) was measured as a bone for-
mation marker, whereas tartrate-resistant acid phosphatase
5b (TRACP-5b) was measured as a bone resorption marker
[18-21]. Both PINP and TRACP-5b are insensitive to renal
function and daily fluctuations [22-24]. The iPINP was
quantified using the Elecsys reagent (Roche Diagnostics,
Minato-ku, Tokyo, Japan) and the enzyme-linked immuno-
assay (ECLIA) principle. The Osteolinx kit (Nittobo Medi-
cal, Koriyama, Fukushima, Japan) was used to measure
TRACP-5b using an enzyme-linked immunosorbent assay
principle.

We used the least significant change (LSC) for BMD to
judge the treatment efficacy [25]. Based on previous studies,
we set the LSC for the spinal BMD change from baseline
to month 12 at 3% [25-29]. We also examined the use of a
significant change of 6% for spinal BMD because previous
reports indicated large effects of romosozumab in the spine
[9-12, 14, 27]. We used a 3% LSC change from baseline to
assess efficacy at the hip [10, 25]. The main objective was
to calculate the percentage of patients who did not achieve
the LSC value for BMD increase at each assessment site
(nonresponders). We also compared patient characteristics
(including bone formation markers) between nonrespond-
ers and responders and examined risk factors for being a
nonresponder. All study procedures complied with the 1964
Helsinki declaration and its later amendments and were
approved by our University Ethics Committee. The study
followed the ethical standards of the 1964 Declaration of
Helsinki and its later human and animal rights amend-
ments. Informed consent was obtained from all participants
included in the study.

Statistical Analysis

Easy R (EZR), an R interface (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), was used for all statis-
tical analyses [30]. Data distributions were tested for nor-
mality using the Kolmogorov—Smirnov test; subsequently,
nonparametric tests were used for all comparisons. We used
the Mann—Whitney U and Fisher’s exact tests to compare
demographics and laboratory results between nonrespond-
ers and responders. We recognize the possibility of type 1
errors when performing multiple statistical tests. However,
we chose to perform these tests in our Tables, which were
summary statistics for the background factors, to evaluate
the examinee’s identification of possible risk factors using
logistic regression analysis. Nonresponse-related risk factors
were examined using logistic regression analysis, with trend
scores for sex and age. All tests with a=0.05 were consid-
ered significant. Specific cutoff values were calculated for
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identified risk factors using receiver operating characteristic
curves.

Results

In total, 92 patients completed 12 months of romosozumab
treatment (see Table 1 for patient demographics). Of them,
67 patients were diagnosed with primary osteoporosis, and
25 were diagnosed with secondary osteoporosis. The docu-
mented causes of secondary osteoporosis included cases of
diabetes mellitus (14 cases), rheumatoid arthritis (2 cases),
glucocorticoid-induced osteoporosis (4 cases), neurologi-
cal disease (3 cases), renal failure (3 cases), myelodysplas-
tic syndrome (2 cases), multiple myeloma (1 cases), and
malignant lymphoma (1 case). Secondary pathologies in
secondary osteoporosis cases occasionally overlapped. A
total of 17 patients used concomitant vitamin D (0.75 um
eldecalcitol) preparations. At baseline, 67 patients presented
with fragility fractures, including 60 vertebral fractures,

Table 1 Baseline clinical characteristics

Variable Mean [IR], n (%)
Total number 92
Age (years) 78 [48-95]
Sex, n (%)
Males 15 (16.30%)
Females 77 (84.78%)
Factors in osteoporosis, 1 (%)
Primary osteoporosis 67 (72.83%)

Secondary osteoporosis 25 (27.17%)
Previous osteoporotic fracture, n (%)

67 (72.83%)
60 (65.22%)

12 (13.04%)

Total osteoporotic fractures, n (%)
Vertebral body fracture, n (%)

Proximal femoral fracture, n (%)

Proximal humerus fracture, n (%) 3(3.26%)
Distal radius fracture, n (%) 2 (2.17%)
T-score before starting romosozumab
Spine (L1-4) —-2.90[-4.1-3.7]

Total hip

BMD before starting romosozumab
Spine (L1-4) (g/cm?)
Total hip (g/cm?)

Vitamin D users

eGFR (mL/min/1.73 m?)

—2.65 [—4.10-0.10]

0.68 [0.46-1.43]
0.58 [0.41-1.08]
17 (18.48%)

61.9 [19.8-124.6]

PTH (pg/mL) 48.00 [16.00-69.00]
Height (m) 1.50 [1.30-1.74]
Weight (kg) 49.3 [28.00-73.20]
Body mass index (kg/m?) 20.97 [13.69-33.33]

IR interquartile range, BMD bone mineral density, eGFR estimated
glomerular filtration rate, PTH parathyroid hormone

affecting a mean of 2.12 vertebrae per patient. As for other
fragility fractures, 12 cases of proximal femoral fracture, 3
cases of proximal humerus fracture, and 2 cases of distal
radius fracture were observed (some occurred at multiple
sites in the same patient). Before the start of treatment, the
mean T-score was — 2.90 [— 4.1 to 3.7] for the spine and
2.65 [— 4.10 to — 0.10] for the total hip. Of the 92 patients
included in this study, 78 underwent spinal BMD testing,
and 81 underwent hip BMD testing. We could not perform
all tests in some cases due to postoperative restrictions. We
assessed the PTH of 62 patients, iPINP for 79 patients,
and TRACP-5b for 66 patients. The median iPINP at the
start of treatment was 60.70 ng/ml [Interquartile range (IR)
15.90-142.00 ng/ml, average 64.17 ng/ml, and standard error
(SE) 3.28 ng/ml], and the median TRACP-5b was 632.5 mU/
dL [IR 134.00-1500 mU/dL, average 657.30 mU/dL, and
SE 39.45 mU/dL]. The mean BMD change from baseline to
month 12 was 14.24% [— 6.50%—44.88%, average 15.55%,
and SE 1.16%] at the spine and 2.49% [— 16.01%—19.88%,
average 2.43%, and SE 0.74%] at the hip.

Nonresponders with Spinal BMD at a 3% Cutoff

Sixty-nine patients experienced an improvement of at least
3% in spinal BMD (responders), whereas nine patients did
not (nonresponders). A comparison between responder and
nonresponder characteristics is shown in Table 2. Nonre-
sponders had a significantly lower change in spine and total
hip BMD at month 6 (spine: responders 11.71% vs non-
responders 1.12%, p=0.02, total hip: responders 1.08% vs
— x2.98%, p=0.008.), and lower iP1NP values at months 1
and 3 (Month 1: responders 116.50 ng/ml vs nonresponders
40.20 ng/ml, p=0.023, month 3; responders 81.70 ng/ml vs
57.05 ng/ml, p=0.038.) Moreover, nonresponders demon-
strated a significantly greater TRACP-5b change at months
1 and 9 (Month 1: responder — 41.05% vs nonresponder
1.99%, p=0.014, month 9: responder — 43.58% vs nonre-
sponder — 7.05%, p=0.043.)

We also performed logistic regression analysis to exam-
ine the risk for nonresponse to romosozumab treatment at
the spine with a 3% LSC value (Table 3). We found that
less of a change in spinal and total hip BMD at month 6
was associated with greater odds of nonresponse (spine:
OR =0.743, p=0.006; total hip: OR=0.79, p=0.028). The
calculated cutoff values for nonresponders were a spinal
BMD change of <1.95% (AUC 0.88, 95% 0.73-1.00) and a
hip BMD change of < — 1.55% at month 6 (AUC 0.79, 95%
0.64-0.94). Additionally, we found that lower iP1NP values
at month 1 was associated with greater odds for nonresponse
(OR=0.927, p=0.042). The cutoff values for month 1 for
iP1INP were <50.30 ng/ml (AUC 0.86, 95% 0.63—1). Also,
we found that a greater TRACP-5b change at month 9 was
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Table 2 Comparison between groups for a 3% change in spinal BMD at month 12

12 M Spine 3% Responders (n=69) Nonresponders (n=9) p value
Sex 0.605
Male 9 2
Female 60 7
Age (years) 78.00 [48.00-94.00] 80.00 [66.00-85.00] 0.994
BMI (kg/m?) 22.01 [13.69-33.33] 19.48 [14.82-24.22] 0.321
eGFR (mL/min/1.73m?) 61.60 [19.80-88.90] 63.15 [41.20-82.80] 0.669
Factors in osteoporosis 1
Primary osteoporosis 52 7
Secondary osteoporosis 17 2
Vitamin D 0.350
Yes 14 0
No 55 9
DM 0.607
Yes 9 7
No 60 2
Spine T-score before starting romosozumab —2.90 [-4.70-2.30] — 3.00[-3.90 to -0.10] 0.814
Total hip T-score before starting romosozumab —2.80[-3.90 to — 0.10] —2.50[-4.10to — 0.40] 0.779
A of spine BMD at month 6 (%) 11.71 [-2.65-25.29] 1.12 [-4.01-11.02] 0.002%*
A of total hip BMD at month 6 (%) 1.08 [— 10.92-13.49] —2.98 [— 8.85-1.91] 0.008*
Value
iPINP
iPINP O M (ng/ml) 60.7 [15.90-140.00] 61.7 [22.50-71.30] 0.525
iPINP 1 M (ng/ml) 116.50 [1.20-178.00] 40.20 [22.70-113.00] 0.023%*
iPINP 3 M (ng/ml) 81.70 [30.50-204.00] 57.05 [26.50-91.80] 0.038*
iPINP 6 M (ng/ml) 76.40 [30.30-195.00] 63.20 [27.80-91.20] 0.333
iPINP 9 M (ng/ml) 62.35 [26.30-119.00] 38.70 [23.60-122.00] 0.492
iPINP 12 M (ng/ml) 51.80 [23.30-109.00] 42.35 [28.30-72.50] 0.382
TRACP-5b
TRACP-5b 0 M (mU/dL) 573.00 [208.00-1500.00] 596.5 [134.00-697.00] 0.589
TRACP-5b 1 M (mU/dL) 309.00 [150.00-805.00] 395.00 [103.00-928.00] 0.67
TRACP-5b 3 M (mU/dL) 469.50 [176.00-1305.00] 411.00 [131.00-838.00] 0.880
TRACP-5b 6 M (mU/dL) 472.00 [90.70-1500.00] 618.50 [132.00-963.00] 0.450
TRACP-5b 9 M (mU/dL) 341.50 [145.00-1201.00] 472.00 [142.00-602.00] 0.938
TRACP-5b 12 M (mU/dL) 419.00 [23.70-969.00] 404.00 [141.00-676.00] 0.507
Change from baseline
A iPINP
AiPINP 1 M (%) 102.83 [-98.72-246.86] 50.60 [33.78-87.09] 0.316
AiPINP 3 M (%) 38.96 [-53.33-139.35] 13.26 [-12.75-48.78] 0.163
AiPINP 6 M (%) 16.29 [-67.46-172.24] 23.56 [-13.12-144.01] 0.447
AiPINPIOM (%) — 11.67 [-45.68-75.35] 32.68 [-45.72-101.99] 0.394
AiPINP 12 M (%) —29.73 [-80.30-33.33] —4.79 [-49.09-25.78] 0.22
A TRACP-5b
A TRACP-5b 1 M (%) —41.05 [-60.43-22.65] 1.99 [— 23.13-34.30] 0.014%*
A TRACP-5b 3 M (%) —26.72 [-53.41-22.10] —2.24 [-41.03-21.27] 0.478
A TRACP-5b 6 M (%) —33.96 [-90.85-83.46] — 1.49 [- 33.11-82.75] 0.065
A TRACP-5b 9 M (%) —43.58 [-69.42-28.77] —7.05 [- 32.56-31.44] 0.043*
A TRACP-5b 12 M (%) —38.96 [-83.21-28.12] —36.05 [— 50.79-5.22] 0.837

BMI bone mass index, eGFR estimated glomerular filtration rate, PTH parathyroid hormone, DM diabetes mellitus, BMD bone mineral density

0 M, baseline; 1 M, month 1; 3 M, month 3; 6 M, month 6; 9 M, month 9; 12 M, month 12

#p<0.05
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Table 3 Related factors in logistic regression analysis, ORs for not
obtaining a BMD increase at the total hip>3%

12 M Spine 3% OR  pvalue Cutoff value AUC

A of spine BMD at month 6 0.743  0.006* 1.95 0.883
(%)*

A of total hip BMD at month  0.79  0.028* - 1.55 0.788
6 (%)

iPINP 1 M (ng/ml) 0.927 0.041%* 50.30 0.857

iPINP 3 M (ng/ml) 0.957 0.056

A TRACP-5b 1 M (%) 1.06  0.065

A TRACP-5b 9 M (%) .11  0.048* —20.07 0.829

BMD bone mineral density, AUC area under the curve
1 M, month 1; 3 M, month 3; 9 M, month 9
*p<0.05

#For example, If the percent change of the spine BMD at six months
is <1.95, it is more likely to be a nonresponder

a risk factor for nonresponse (OR=1.11, p=0.048). The
cutoff values for the TRACP-5b change in month 9 was >
—20.07% (AUC 0.83, 95% 0.62-1.00).

Nonresponders with Spinal BMD at a 6% Cutoff

We found that 66 patients were responders, and 12 were
nonresponders. Comparisons between responder and nonre-
sponder characteristics are shown in Supplementary Table 1.
Nonresponders demonstrated significantly lower changes in
the spine and total hip BMD at month 6 (spine: responder
12.28% vs nonresponder 1.79%, p <0.001, total hip:
responder 1.11% vs — 2.81%, p=0.008.) and lower iP1NP
values at months 1 and 3 (Month 1: responder 118.5 ng/ml
vs nonresponder 59.15 ng/ml, p =0.004, month 3: responder
85 ng/ml vs nonresponder 59.25 ng/ml, p=0.014.) In con-
trast, a significantly greater TRACP-5b change at months 1
and 9 was observed in nonresponders (Month 1: responder
— 41.05% vs nonresponder 1.99%, p=0.014, month 9:
responder — 43.58 vs nonresponder — 7.05%, p=0.043.)
We also performed logistic regression to evaluate the risk
of nonresponse to romosozumab treatment at the spine with
a 6% change (Supplementary Table 2). We found that less
change in spinal and total hip BMD at month 6 was associ-
ated with a greater odd of nonresponse (spine: OR=0.703,
p=0.001; total hip: OR=0.789, p=0.012). The cutoff val-
ues for nonresponders were a spinal BMD change of <3.77%
(AUC 0.91, 95% 0.81-1.00) and a hip BMD change
of <— 1.55% at month 6 (AUC 0.77, 95% 0.61-0.92). We
also found that smaller iP1NP values at months 1 and 3 were
associated with a greater odds for nonresponse (month 1:
OR =0.951, p=0.025; month 3: OR=0.956, p=0.03). The
cutoff values for iPINP at months 1 and 3 were <69.30 ng/
ml (AUC 0.88, 95% 0.73-1.00) and < 62.40 ng/ml (AUC
0.78, 95% 0.62-0.93), respectively. In addition, we found

that a greater TRACP-5b change at month 9 was a risk factor
for nonresponse (OR=1.11, p=0.048). The cutoff values
for the TRACP-5b change in month 9 was >-20.07% (AUC
0.83, 95% 0.62-1.00).

Nonresponders with Total Hip BMD

We found that 35 patients experienced an improvement of
at least 3% BMD at the total hip (responders), whereas 46
did not (nonresponders). A comparison between responder
and nonresponder characteristics is shown in Table 4.
Nonresponders had a smaller change in total hip BMD
at month 6 (responder 2.74% vs nonresponder — 0.86%,
p=0.005), lower BMI (responder 22.71 kg/m? vs nonre-
sponder 20.20 kg/mz, p=0.019), and lower iP1NP at month
1 (responder 124 ng/ml vs nonresponder 82.65 ng/ml,
p=0.046). A greater change in iP1NP at month 12 was sig-
nificantly associated with being a nonresponder (responder
— 34.57% vs nonresponder — 28.99%, p=0.049).

We also performed logistic regression analysis to examine
the risk of nonresponse to romosozumab treatment at the hip
(Table 5). We found that a lower change in total hip BMD at
month 6 was associated with a greater odds of nonresponse
(BMD: OR=0.846, p=0.007). The cutoff value for non-
responders was a hip BMD change of <1.08% at month 6
(AUC 0.70, 95% 0.57-0.83).

Discussion

In this study, we examined the percentage of patients with
osteoporosis who did not experience a significant increase
in BMD with a 12-month course of romosozumab treatment
(nonresponders). The importance of this study is that we
investigated the effects of romosozumab in isolation; all
previously treated patients were excluded, and only patients
who started osteoporosis treatment with romosozumab were
included. Only ~ 12% of patients were spine nonresponders
with a cutoff of a 3% increase in BMD, whereas ~57% of
patients were total hip nonresponders with a cutoff of a 3%
increase in BMD. Cases with low iP1NP values in the first
month were found to be at risk for spinal nonresponders. The
results of this study can be used to estimate a patient’s odds
of responding to romosozumab treatment, which can be used
to make a clinically informed decision about osteoporosis
treatment. We believe that presenting specific cutoff values
will make clinical applications more feasible.

Recently, many papers have reported a high efficacy of
romosozumab in preventing new bone fractures and increas-
ing BMD [9-13, 31, 32]. Romosozumab and teriparatide
appear to stimulate bone formation, but their mechanisms
differ [13]. Romosozumab has a modeling effect, whereas
teriparatide has a remodeling effect [33, 34]. Previous papers
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Table 4 Comparison between groups for a 3% change in the total hip BMD at month 12

12 M Total hip 3% Responders (n=35) Nonresponders (n=46) p value
Sex 0.543
Male 7 6
Female 28 40
Age (years) 78.00 [58.00-93.00] 78.50 [48.00-95.00] 0.720
BMI (kg/m?) 22.71[16.22-33.33] 20.20 [13.69-29.40] 0.019*
eGFR (mL/min/1.73 m?) 66.00 [39.50-87.60] 61.00 [19.80-101.10] 0.549
Factors in osteoporosis 0.445
Primary osteoporosis 28 33
Secondary osteoporosis 7 13
Vitamin D 0.768
Yes 7 7
No 28 39
DM 0.749
Yes 4 7
No 31 39
Spine T-score before starting romosozumab —2.90 [— 4.40-2.30] —2.70 [— 4.60-1.00] 0.938
Total hip T-score before starting romosozumab —3.00 [— 3.90 to — 0.30] —2.55[-4.10to — 0.10] 0.294
A of spine BMD at 6 months (%) 11.29 [- 4.01-25.29] 9.51 [— 3.76-24.95] 0.238
A change of total hip BMD at 6 months (%) 2.74 [- 6.15-13.49] —0.86 [- 10.92-8.76] <0.005%*
Value
iPINP
iPINP O M (ng/ml) 63.70 [21.80-124.00] 53.40 [15.90-140.00] 0.055
iPINP 1 M (ng/ml) 124.00 [1.20-178.00] 82.65 [22.70-171.00] 0.046%*
iPINP 3 M (ng/ml) 69.30 [44.90-204.00] 82.65 [26.50-148.00] 0.682
iPINP 6 M (ng/ml) 63.80 [25.20-170.00] 76.40 [27.80-195.00] 0.549
iPINP 9 M (ng/ml) 41.10 [24.90-122.00] 62.35 [22.60-119.00] 0.529
iPINP 12 M (ng/ml) 48.70 [20.80-109.00] 51.40 [20.90-99.00] 0.962
TRACP-5b
TRACP-5b 0 M (mU/dL) 598.00 [208.00-1419.00] 595.00 [134.00-1500.00] 0.651
TRACP-5b 1 M (mU/dL) 400.00 [215.00-928.00] 258.00 [103.00-739.00] 0.093
TRACP-5b 3 M (mU/dL) 481.00 [183.00-1063.00] 478.50 [131.00-1305.00] 0.974
TRACP-5b 6 M (mU/dL) 484.00 [207.00-1332.00] 472.00 [90.70-1500.00] 0.869
TRACP-5b 9 M (mU/dL) 466.00 [150.00-750.00] 455.00 [142.00-1201.00] 0.917
TRACP-5b 12 M (mU/dL) 420.00 [23.70-878.00] 419.00 [141.00-969.00] 0.641
Change from baseline
A iPINP
AiPINP 1 M (%) 93.10 [— 98.72-175.72] 85.99 [— 21.60-246.86] 0.569
AiPINP 3 M (%) 17.39 [— 53.33-129.95] 22.92 [—- 27.00-139.35] 0.915
AiPINP 6 M (%) 11.50 [— 67.46-172.24] 16.50 [— 59.48-144.01] 0.347
AiPINP 9 M (%) —33.89 [- 55.69-101.99] — 1.09 [-45.68-75.35] 0.086
AiPINP 12 M (%) —34.57 [- 73.08-20.03] —28.99 [-80.30-33.33] 0.049%*
A TRACP-5b
A TRACP-5b 1 M (%) —47.92 [- 60.43-34.30] —24.69 [-60.00-22.65] 0.14
A TRACP-5b 3 M (%) —24.66 [— 52.76-21.27] —26.90 [— 56.02-22.10] 0.704
A TRACP-5b 6 M (%) —39.05 [-68.88-83.46] —33.29 [- 90.85-82.75] 0.782
A TRACP-5b 9 M (%) —47.79 [- 68.02-0.61] —27.14 [- 69.41-31.44] 0.08
A TRACP-5b 12 M (%) —40.27 [- 83.21-28.12] — 38.13 [— 66.94-5.22] 0.509

BMI bone mass index, eGFR estimated glomerular filtration rate, PTH parathyroid hormone, DM diabetes mellitus, BMD bone mineral density

0 M, baseline; 1 M, month 1; 3 M, month 3; 6 M, month 6; 9 M, month 9; 12 M, month 12

#p<0.05
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Table 5 Related factors in logistic regression analysis, ORs for not
obtaining a BMD increase at the total hip>3%

12 M Total hip 3% ORs p value Cutoff value AUC

A of total hip BMD  0.846 0.007* 1.08 0.701
at month 6 (%)

BMI (kg/m?) 0.842  0.052

iPINPIM (ng/ml) 0.985 0.12

iPINP 12 M (%) 1.02 0.076

BMI body mass index, AUC area under the curve
1 M month 1
*p<0.05

have reported that this difference in effects causes differ-
ences in cortical and trabecular bone growth and changes
in bone strength [13]. However, there are still relatively few
reports on patients who do or do not benefit from romo-
sozumab. Some evidence was reported that prior osteopo-
rosis treatment before starting romosozumab confounds the
observed effects of romosozumab treatment [10, 11, 13, 14].
However, while some studies reported that BMD, iP1NP,
and TRACP-5b values before the start of romosozumab
treatment were correlated with an improvement in spinal
BMD after 12 months of treatment [10], others described
the percentage change in iPINP and TRACP-5b as potential
predictors of both spine and total hip BMD improvement
[11, 32]. However, these studies combined patients newly
started on osteoporosis treatment with romosozumab and
those previously using antiosteoporosis treatments. Addi-
tionally, they did not focus on nonresponders but rather on
patients who exhibited a higher percent change in BMD.
Importantly, some patients do not respond to treatment with
romosozumab, despite its effectiveness in improving BMD
in the total population. Our study aimed to examine the pro-
portion of patients who are nonresponders to romosozumab
treatment and identify early predictors of nonresponse.

In our study, 88.46% of patients were responders at the
spine with a cutoff value of a 3% improvement in BMD. Our
results are comparable to the previous studies examining
teriparatide treatment, where 91% of patients experienced
a 3% increase in spinal BMD at month 18, and 88% expe-
rienced a 3% increase at month 24 [26, 28]. The similarity
between studies supports romosozumab’s favorable treat-
ment effects [26, 28].

Early iP1NP values, particularly a low iP1NP level at
month 1, were a significant risk factor for spine BMD. We
consider iP1NP to be the most convenient prognostic indi-
cator of romosozumab efficacy. The same is true for teri-
paratide agents, where increases in PINP during early treat-
ment have previously been correlated with increased BMD
[35]. Early iPINP may have predictive value for osteogenic
agents. Transient and rapid increases in iP1NP from week 2

to month 1 of treatment are characteristics of romosozumab,
and the importance of these increases is well recognized [11,
13, 31]. Regarding the specific value of iPINP during treat-
ment with romosozumab, it may be difficult to achieve a 3%
increase in spinal BMD if iPINP is < 50 ng/ml in the first
month. Conversely, if the iPINP at month 1 exceeds 70 ng/
ml, the percent change of spine BMD at month 12 is likely
to exceed 6%. We believe that specific numbers will be more
useful in clinical practice.

In terms of bone resorption markers, a greater change
in TRACP-5b at month 9 was a risk factor for spinal BMD
nonresponse. However, since the results were obtained in
month 9, we considered these results to be of limited utility
in predicting the efficacy of romosozumab. In the BMD of
the spine, the logistic regression analysis indicated a change
in TRACP-5b in the first month with a p-value of 0.065
(both, at Spine 3% and 6%). If the sample size is increased,
TRACP-5b in the first month may potentially serve as a
significant risk factor. Nonetheless, further investigation is
necessary to augment the number of cases. A previous study
reported that the rate of change in TRACP-5b at month 3 is
related to the rate of change in spine BMD [36]. Similarly,
our study found that a change in TRACP-5b, rather than the
absolute value of TRACP-5b, is an important bone resorp-
tion marker for predicting romosozumab response. Similar
results have been reported in previous studies, but the rea-
sons for these results require further investigation [11, 36,
37].

However, failure to meet the cutoff values for these risk
factors does not mean that immediate discontinuation of
romosozumab therapy is recommended. Reports on teri-
paratide suggest that patients with significantly elevated
bone metabolism markers can be encouraged to continue
treatment [35]. Additionally, favorable results may motivate
patients to continue independently [35]. Conversely, patients
who do not have a significant early increase in iP1NP during
treatment may need to be evaluated for compliance, injec-
tion site, and method, which should be confirmed with the
healthcare provider responsible for injections, or for con-
ditions that impair response, such as vitamin D deficiency
[35].

Limitations

Our study has some limitations, including the small sample
size, retrospective design, and uneven distribution of age and
sex. This study that included Asian participants may have an
impact on the results. Smoking, a risk factor for osteoporo-
sis, could not be evaluated in this study because it was not
documented in the medical charts. We did not measure thy-
roid hormone levels in this study. Furthermore, there were
only four cases of glucocorticoid use and one case of proton
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pump inhibitor use. Due to the small number of cases, we
could not evaluate the association between the use of these
concomitant medications. Finally, due to the small num-
ber of patients who received active vitamin D preparations
concurrently, more research into the relationship between
vitamin D and romosozumab is required. Future research
should be conducted with larger sample sizes and prospec-
tive research designs.

Conclusion

Based on our results, a month-1 iP1NP value was a risk
factor for nonresponse in the spine BMD. In contrast, the
percentage of hip nonresponders was higher than that for
the spine, with a cutoff of a 3% increase in BMD. Regarding
the specific value of iPINP during the first month, it may
be difficult to achieve a 3% increase in spine BMD with an
iP1NP value < 50 ng/ml. Accordingly, these risk factors can
be used to make informed decisions about romosozumab
treatment for osteoporosis patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00223-023-01087-y.
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