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ABSTRACT

Introduction: In Japan, conservative therapy
for patients with lumbar spinal stenosis (LSS)
includes non-steroidal anti-inflammatory drugs
(NSAIDs), prostaglandin E1, tramadol, physical/
exercise therapy, and nerve blocks. Mirogabalin,
a selective oral a2d ligand, is approved for
treating peripheral neuropathic pain, though
data regarding visual analog scores (VAS) for

pain in patients with LSS are limited. We
investigated the efficacy and safety of miroga-
balin as an add-on treatment in patients with
LSS taking NSAIDs compared with patients
taking NSAIDs only.
Methods: This multicenter, randomized, open-
label study (MiroTAS) was conducted at 32
centers in Japan between June 2020 and Octo-
ber 2021. Patients were randomly assigned to
mirogabalin and NSAIDs or NSAIDs alone in a
1:1 ratio. NSAIDs were administered according
to their Japanese package inserts; mirogabalin
was administered based on renal function [cre-
atinine clearance (CrCL) C 60 mL/min, 5 mg
twice daily (BID) in Weeks 1–2, 10 mg BID in
Weeks 3–4, and 15 or 10 mg BID after Week 5;
CrCL 30 to\60 mL/min, 2.5 mg BID Weeks
1–2, 5 mg BID Weeks 3–4, and 7.5 or 5 mg BID
after Week 5]. The primary endpoint was the
change in VAS score for leg pain from baseline
to Week 12. Secondary endpoints were quality
of life, evaluated using the EuroQol five-di-
mensional descriptive system (EQ-5D-5L) (at
baseline and Week 12) and Patient Global
Impression of Change (PGIC) (at Week 12), and
safety. Change in VAS score at Week 12 was
calculated using a linear mixed model for
repeated measures. The safety endpoints were
treatment-emergent adverse events (TEAEs) and
adverse drug reactions.
Results: In total, 220 patients who met the
eligibility criteria were enrolled. In the miroga-
balin and NSAIDs and NSAIDs groups, mean
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ages (67.8 vs. 70.9 years), proportions of female
patients (54.5% vs. 49.0%), mean body weights
(63.9 vs. 62.0 kg), mean CrCL values (81.5 vs.
70.7 mL/min), proportions of patients with
CrCL 30 to\60 mL/min (27.3% vs. 33.7%),
mean VAS scores (63.8 vs. 62.8 mm), and pro-
portions of patients with VAS score C 60 (53.6%
vs. 52.9%) at enrollment were similar. The
median durations of LSS were 9.0 and
11.0 months and the spine pain DETECT ques-
tionnaire (SPDQ) scores were 6.8 and 7.8,
respectively. The least square (LS) mean change
in VAS score from baseline to Week 12
was - 24.1 mm in the mirogabalin and NSAIDs
group and - 14.2 mm in the NSAIDs group
(both P\0.0001 vs. baseline). The difference in
LS mean was - 9.9 [95% confidence interval
(CI), - 18.0, - 1.8] (P = 0.0174). The improve-
ment in EQ-5D-5L score at Week 12 was signif-
icantly greater in the mirogabalin and NSAIDs
group versus the NSAIDs group [mean differ-
ence, 0.0529 (95% CI, 0.0036, 0.1022),
P = 0.0357]. At Week 12, the proportions of
patients with PGIC scores B 3 and B 2 were
higher in the mirogabalin and NSAIDs group vs.
the NSAIDs group (76.2% vs. 50.0%, P = 0.0006,
and 47.6% vs. 32.4%, P = 0.0523). In the
mirogabalin and NSAIDs group, the incidences
of TEAEs and adverse drug reactions were 60.9%
and 57.3%, respectively, and the most common
TEAEs were somnolence (30.0%) and dizziness
(25.5%).
Conclusions: The addition of mirogabalin to
NSAIDs improved VAS, EQ-5D-5L, and PGIC.
The main TEAEs were somnolence and dizzi-
ness. The addition of mirogabalin to NSAIDs
improved peripheral neuropathic pain associ-
ated with LSS and raised no new safety
concerns.
Trial Registration: Japan Registry of Clinical
Trials (jRCTs021200007).

Keywords: a2d ligands; Mirogabalin; Peripheral
neuropathic pain; NSAIDs; Lumbar spinal
stenosis

Key Summary Points

Why carry out this study?

Mirogabalin, a potent selective ligand of
the a2d subunit of voltage-gated Ca2?

channels, has been approved for use in
Japan, Korea, and Taiwan.

The efficacy of mirogabalin in improving
peripheral neuropathic pain in patients
with lumbar spinal stenosis (LSS) has been
previously reported, but the number of
studied cases is limited, and its efficacy
and safety have not been fully
investigated.

We conducted a multicenter, randomized,
open-label, parallel group, interventional
study to assess the efficacy and safety of
mirogabalin as an add-on in LSS patients
taking non-steroidal anti-inflammatory
drugs (NSAIDs) compared with those
taking NSAIDs alone.

What was learned from the study?

Mirogabalin as an add-on to NSAIDs led to
clinically meaningful improvement in
pain intensity (visual analog scale score)
and quality of life (EuroQol five-
dimensional descriptive system and
Patient Global Impression of Change
questionnaire) with greater improvements
than with NSAIDs alone in LSS patients.

Mirogabalin as an add-on in LSS patients
treated with NSAIDs was generally well
tolerated.

Mirogabalin as an add-on to NSAIDs may
be an option for LSS patients who cannot
achieve adequate pain control with
NSAIDs only.
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INTRODUCTION

Lumbar spinal stenosis (LSS) describes patients
who present symptoms associated with an
anatomical reduction in the size of the spinal
canal, and is one of the most commonly
encountered spinal disorders [1]. The preva-
lence of LSS in Japan has been reported as
approximately 5–20% [2–6], and the prevalence
and economic burden associated with LSS are
both expected to increase substantially given
the aging population [4, 7, 8]. Although the
mechanism of LSS is not fully understood, the
Japanese Orthopaedic Association (JOA) Clini-
cal Practice Guidelines on the Management of
Lumbar Spinal Stenosis 2021 defines LSS as a
syndrome in which the spinal canal and inter-
vertebral foramen, which are nerve pathways,
are narrowed owing to degeneration of the
lumbar discs and intervertebral joints [9]. LSS
often presents with neuropathic pain [10],
which is implicated in causing leg pain in
patients with LSS through compressed nerve
roots, oedema, fibrosis, demyelination, and
axonal degeneration of the involved neural
elements [11–13].

According to the JOA guidelines, there is no
clear standard for choosing between conserva-
tive therapy and surgery in Japan [9]. Accord-
ingly, physicians make their own decisions
based on the symptoms of each individual
patient. Conservative therapy is the first choice
for Japanese LSS patients and includes non-
steroidal anti-inflammatory drugs (NSAIDs),
prostaglandin E1, tramadol, physical/exercise
therapy, and nerve blocks [9]. When conserva-
tive therapy fails to provide a satisfactory
response, surgical therapy is undertaken. Treat-
ment with NSAIDs is suggested for short-term
use in LSS patients with nerve root or low back
pain according to the JOA guidelines, and
NSAIDs are often prescribed in daily practice [9].
In addition, neuropathic pain medications may
be used to treat LSS patients experiencing neu-
ropathic pain [14]. Several studies have reported
that gabapentinoids, such as gabapentin and
pregabalin, are effective in improving pain,

walking distance, and quality of life (QOL)
scores for LSS patients [11, 12, 15–20]. However,
the JOA guidelines state that no clear recom-
mendation can be made for administering these
drugs to LSS patients because of insufficient
evidence for efficacy and safety [9]. According
to the guideline recently published by the US
Association for the Study of Pain, evidence
of efficacy with pregabalin and gabapentin is
consensus-based and of very low quality,
respectively [21].

Mirogabalin is a selective oral a2d ligand, like
pregabalin, and was first approved for treatment
of peripheral neuropathic pain in 2019 in Japan
[22]. Mirogabalin has been shown to be effec-
tive and well tolerated in the management of
postherpetic neuralgia [23] and diabetic
peripheral neuropathic pain in Asian patients
[24]. Recently, a randomized, double-blind,
placebo-controlled, phase 3 study was con-
ducted to investigate the efficacy and safety of
mirogabalin for central neuropathic pain in
patients with spinal cord injury due to trauma
(ClinicalTrials.gov Identifier: NCT03901352).
Although the results of this study have not yet
been published, they are the basis of the recent
expanded indication of miroglabalin to include
central neuropathic pain. Results from the pre-
viously conducted MIROP study suggested that
mirogabalin reduces visual analog scale (VAS)
pain scores in patients with LSS [25]. However,
this study assessed a small number of cases, and
further investigations into the efficacy and
safety of mirogabalin for LSS, a common spinal
disorder associated with peripheral neuropathic
pain, are warranted. Additionally, previous
studies did not evaluate the effect of miroga-
balin on quality-of-life measures such as the
EuroQol five-dimensional descriptive system
(EQ-5D-5L).

This study evaluated the efficacy and safety
of mirogabalin as an add-on treatment in LSS
patients taking NSAIDs, a conventional therapy,
compared with LSS patients taking only NSAIDs
to determine whether, in a large study,
mirogabalin could reduce VAS pain scores in
patients with LSS.
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METHODS

Trial Design

The MiroTAS study was a multicenter, ran-
domized, open-label, parallel group, interven-
tional study, which took place in 32 centers in
Japan between June 2020 and October 2021
(Fig. 1). The study received approval from the
Clinical Research Review Committee, Fukush-
ima Medical University Certified Review Board
(CRB No. CRB2200002), which notified all par-
ticipating centers of the approval. This was
done in accordance with the Clinical Research
Act in Japan; the CRB conducted a central
review, and after the study was approved by the
CRB, each site obtained permission from their
administrator to start the research. Note that
there is no need to hold an Ethical Review
Committee for each facility according to the
Clinical Research Act. The study was conducted
in accordance with the ethical principles, clin-
ical research laws, and relevant notifications
stipulated in the Declaration of Helsinki (as
revised in 2013). This study was registered in the
Japan Registry of Clinical Trials under the
identifier jRCTs021200007.

After obtaining informed consent, if patients
used concomitantly contraindicated drugs
(gabapentin, pregabalin, duloxetine, probene-
cid, cimetidine, or lorazepam) prior to study
participation, a washout period of C 7 days was
set prior to study enrollment. NSAIDs were
administered according to their Japanese pack-
age insert and a dose change was not permitted
during the study period. Patients taking
mirogabalin and NSAIDs were given NSAIDs as
described above, and mirogabalin was admin-
istered based on the renal function of the
patients as follows: for patients with creatinine
clearance (CrCL) C 60 mL/min, mirogabalin
was administered at 5 mg twice daily (BID) for
the first 2 weeks, 10 mg BID for the next
2 weeks, and 15 mg BID or 10 mg BID after
Week 5; and for patients with CrCL 30
to\60 mL/min, mirogabalin was administered
at 2.5 mg BID for 2 weeks, 5 mg BID for 2 weeks,
and 7.5 mg BID or 5 mg BID after Week 5. From
the time of informed consent to the end of the
study (or discontinuation), changes to, or
additions of, new drugs/therapies for pain
treatment were avoided as much as possible. No
placebo was administered during this study to
either treatment group.

Fig. 1 Study design. BID twice daily, CrCL creatinine clearance, IC informed consent, NSAIDs non-steroidal anti-
inflammatory drugs
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At the time of enrollment, patient back-
ground factors were evaluated, including age,
sex, weight, VAS score, spine pain DETECT
questionnaire (SPDQ) score [26], short form
SPDQ (SF-SPDQ) score, EQ-5D-5L score, Brief
Scale for Psychiatric Problems in Orthopedic
Patients (BS-POP) score, and compliance with
the package insert, among others. Regarding the
SPDQ and SF-SPDQ, we investigated the num-
ber and percentage of patients with SPDQ and
SF-SPDQ scores of\ 0 and C 0.

Patients

The investigators explained what participation
in this clinical study entailed to patients who
were considered suitable for enrollment.
Patients who agreed to participate in the study
needed to be able to understand the study pro-
cedures and answer questions appropriately.
After confirmation of eligibility, patients were
randomly assigned to the mirogabalin and
NSAIDs group or the NSAIDs only group in a 1:1
ratio using the permuted block method based
on the VAS score (\60 mm or C 60 mm) at
study enrollment (baseline) as an allocation
adjustment factor.

The inclusion criteria were as follows:
patients diagnosed with leg pain due to radic-
ular type of LSS, who met the following four
criteria according to the judgment of a physi-
cian C 3 months before enrollment: (1) pain or
numbness from the buttocks to the lower
extremities (patients with only bilateral numb-
ness from the buttocks to the lower extremities
were excluded), (2) pain or numbness from the
buttocks to the lower extremities that was
aggravated by standing or walking and relieved
by bending forward or sitting up, (3) if isolated,
low back pain that was aggravated by walking
was ruled out, and (4) magnetic resonance
imaging and other imaging studies confirmed
degenerative stenosis of the spinal canal and
foramen intervertebralis, and the clinical find-
ings could be explained (LSS International
Classification of Diseases [ICD] 10 code,
M4806); who had been taking NSAIDs
for C 4 weeks without a change in dose; had a
VAS score of C 40 mm both at the time of

informed consent and at enrollment; and were
aged C 20 years. Patients were excluded if they
used prohibited drugs concomitantly within
7 days prior to study enrollment; changed the
usage and dosage of concomitantly restricted
drugs within 4 weeks prior to study enrollment;
had severe pain other than LSS at the time of
study enrollment, which was considered diffi-
cult to evaluate; had cauda equina or mixed-
type LSS; had a history of lumbar spine surgery;
had cancer, infection, or bone fracture at the
time of study enrollment; had a history of
hypersensitivity to the components of miroga-
balin; had serious hepatic, renal, or cardiac
diseases that made participation in this study
difficult; had CrCL\30 mL/min (Cock-
croft–Gault formula) at the time of study
enrollment; had a score of (a) C 11 for physi-
cians on the BS-POP or (b) both C 10 for
physicians and C 15 for patients on the BS-POP
at the time of study enrollment [27]; were
considered unsuitable for study participation as
judged by the treating physician or study
investigator; or had taken mirogabalin in the
past. In addition, pregnant women, patients
who may have been pregnant, and lactating
patients were also excluded. All patients pro-
vided written informed consent.

Endpoints

The primary efficacy endpoint was the change
in VAS score for leg pain from the study
enrollment (baseline) to Week 12 (on a 100-mm
scale; 0 mm for no pain and 100 mm for the
worst pain imaginable). The secondary efficacy
endpoints were QOL evaluated using the EQ-
5D-5L (at baseline and Week 12) and Patient
Global Impression of Change (PGIC) (at Week
12) [28]. PGIC was scored by patients rating
their improvement on a scale from 1 = ‘‘very
much improved’’ to 7 = ‘‘very much worse’’ at
the end of treatment. The other efficacy end-
point was the VAS score for leg pain at each
evaluation timepoint (baseline, Weeks 2, 4, 8,
and 12) and changes from baseline at each
evaluation timepoint.

The safety endpoint was the occurrence of
treatment-emergent adverse events (TEAEs) and
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adverse drug reactions (ADRs). A TEAE was
defined as an adverse event (AE) that occurred
after randomization and initiation of the
assigned study drug, or that worsened relative
to the pre-treatment status. An ADR was defined
as a TEAE judged by the physician to have a
causal relationship with the study drug. The
worsening of the primary disease and symptoms
related to increased pain as judged by the
principal investigator (submitting physician)
were not treated as AEs.

Subgroup Analysis

According to the patients’ compliance with the
package insert, patients were divided into two
subgroups (compliant and non-compliant
groups). Baseline patient demographic and clin-
ical characteristics, as well as changes in VAS
scores and EQ-5D-5L scores from baseline to
Week 12, proportions of patients with PGIC
scores B 3 and B 2, and the incidence of TEAEs
andADRswere evaluated in subgroups according
to compliance with the package insert. In addi-
tion, changes in VAS scores from baseline to
Week 12 were also evaluated in subgroups
according tobaselineVAS, renal function, typeof
LSS symptoms, SPDQ score, and SF-SPDQ score.

Statistical Analysis

The primary efficacy analysis was performed
using the modified intention-to-treat (mITT)
population, which was defined as all patients
from the randomized analysis population who
received at least one dose of the study drug. A
sensitivity analysis for efficacy endpoints was
performed using the per protocol set (PPS),
which was defined as all patients in the mITT
population who complied with the study
protocol.

For the change in VAS score at Week 12 in
the mITT population, a linear mixed model for
repeated measures (MMRM) was used to calcu-
late the estimated difference in the adjusted
means between treatment groups and its 95%
confidence interval (CI) and P value. The
MMRM included treatment group, treatment
duration (week), and treatment group–week

interactions as fixed effects, VAS at study
enrollment (baseline) as a covariate, and
patients as a variable effect. The same statistical
analysis method was used to assess changes in
VAS scores from baseline to Week 12 in sub-
groups according to baseline VAS, renal func-
tion, types of LSS symptoms, SPDQ scores, SF-
SPDQ scores, and compliance with the package
insert.

For sensitivity analysis, the last observation
carried forward (LOCF) and baseline observa-
tion carried forward (BOCF) methods were used
to supplement the VAS scores at Week 12 in the
mITT population. After LOCF and BOCF, anal-
ysis of covariance (ANCOVA) was used to com-
pare the change in VAS score between the
treatment groups at Week 12.

Analysis of EQ-5D-5L scores was performed
using the mITT population. Summary statistics
for EQ-5D-5L score conversions were calculated
for each treatment group at each measurement
timepoint and for the change from baseline. In
addition, for the five domains of mobility, per-
sonal care, daily activities, pain/discomfort, and
anxiety, frequency tables were prepared for each
measurement timepoint, and cross frequency
tables were prepared for each timepoint relative
to the time of study enrollment (baseline). To
handle missing data, complete case analyses
were conducted to delete data for each patient if
even one visit was missing. PGIC scoring was
performed on the mITT population. A fre-
quency table for PGIC scores at the end of
treatment was created for each treatment group.
The same statistical method was used to assess
EQ-5D-5L and PGIC scores in the subgroups in
compliance with the package insert.

The safety analysis set was defined as the
population consisting of patients who were
enrolled in the study and had received at least
one dose of the study drug. AEs were coded
using the Medical Dictionary for Regulatory
Activities (MedDRA/J ver. 24.1). The number
and percentage of patients in each treatment
group who reported a TEAE was calculated. The
number and percentage of patients with TEAEs
and ADRs were summarized by System Organ
Class and Preferred Term.

The significance level for hypothesis testing
was set at 5%, and the CI for both sides was
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95%. The statistical analysis was performed
using SAS v.9.4 (SAS Institute, Cary, NC, USA).

Sample Size

Based on previous clinical studies of miroga-
balin [23], assuming that the mean difference of
the VAS score change between treatment groups
at Week 12 was set as 8 mm and the standard
deviation (SD) was set as 20 mm, a sample size
of 266 (133 per arm) patients was needed to
achieve a 90% power with a 5% two-sided sig-
nificance level. Considering dropouts, the target
number of patients was set at 300 (150
patients/group).

RESULTS

Patients

As it was difficult to recruit patients who met
the eligibility criteria during the enrollment

period owing to the COVID-19 pandemic, only
220 patients were registered, and enrollment
was completed without reaching the target
sample size (n = 300) despite extending the
registration period.

Informed consent was obtained from 233
patients; of these, 220 patients who met the
eligibility criteria were enrolled in the study
(Fig. 2). The mITT population included 110
patients in the mirogabalin and NSAIDs group
and 104 patients in the NSAIDs group. The
safety analysis set comprised 110 patients in the
mirogabalin and NSAIDs group and 106
patients in the NSAIDs group. In the miroga-
balin and NSAIDs group and the NSAIDs group,
87 and 75 patients, respectively, completed the
study; the most common reasons for study
withdrawal were TEAEs and patient’s request to
discontinue the study.

Patient demographic and clinical character-
istics for the mITT population are shown in
Table 1. In the mirogabalin and NSAIDs group
and the NSAIDs group, the respective mean ages

Fig. 2 Patient disposition. IC informed consent, mITT modified intention-to-treat, NSAIDs non-steroidal anti-
inflammatory drugs, TEAEs treatment-emergent adverse events
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Table 1 Baseline patient demographic and clinical characteristics (mITT population)

Characteristics Mirogabalin and NSAIDs
(n = 110)

NSAIDs
(n = 104)

Age, years

C 65 years

67.8 ± 11.3

74 (67.3)

70.9 ± 9.2

78 (75.0)

Sex

Male 50 (45.5) 53 (51.0)

Female 60 (54.5) 51 (49.0)

Body weight, kg

\ 60

63.9 ± 14.1

44 (40.0)

62.0 ± 12.9

42 (40.4)

VAS score at enrollment, mm

\ 60

C 60

63.8 ± 13.4

51 (46.4)

59 (53.6)

62.8 ± 13.9

49 (47.1)

55 (52.9)

SPDQ score

\ 0

C 0

6.8 ± 9.3a

20 (18.5)a

88 (81.5)a

7.8 ± 9.8

19 (18.3)

85 (81.7)

SF-SPDQ score

\ 0

C 0

10.2 ± 9.0b

12 (11.0)b

97 (89.0)b

11.2 ± 10.0

13 (12.5)

91 (87.5)

CrCL at enrollment, mL/minc

C 60

30 to\ 60

81.5 ± 35.3

80 (72.7)

30 (27.3)

70.7 ± 23.3

69 (66.3)

35 (33.7)

Duration of radicular type of LSS, months

Median (Q1, Q3)

C 6

23.1 ± 30.8

9.0 (4.0, 28.0)

76 (69.1)

27.1 ± 38.9

11.0 (5.0, 30.5)

71 (68.3)

Duration of leg pain, months

Median (Q1, Q3)

28.3 ± 34.3

12.0 (7.0, 35.0)

28.5 ± 40.0

13.0 (5.0, 33.0)

Symptoms of radicular type of LSS

Pain 19 (17.3) 21 (20.2)

Numbness 0 (0.0) 0 (0.0)

Pain and numbness 91 (82.7) 83 (79.8)

Concomitantly restricted drugsd

Rimaprost alphadex (oral)

Ketoprofen (topical)

Loxoprofen sodium hydrate (topical)

62 (56.4)

25 (22.7)

14 (12.7)

11 (10.0)

52 (50.0)

21 (20.2)

9 (8.7)

18 (17.3)
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Table 1 continued

Characteristics Mirogabalin and NSAIDs
(n = 110)

NSAIDs
(n = 104)

Rescue medication (acetaminophen) 66 (60.0) 82 (78.8)

NSAIDs (oral)

Celecoxib

Loxoprofen sodium hydrate

Etodolac

Diclofenac sodium

Meloxicam

Thiaramide hydrochloride

Zaltoprofen

Lornoxicam

62 (56.4)

36 (32.7)

4 (3.6)

4 (3.6)

1 (0.9)

1 (0.9)

1 (0.9)

1 (0.9)

60 (57.7)

35 (33.7)

4 (3.8)

1 (1.0)

4 (3.8)

0 (0.0)

0 (0.0)

0 (0.0)

Past medical history

Cervical spondylosis

Ossification of the posterior longitudinal ligament

Intervertebral disc herniation

Lumbar spinal canal stenosis

Spondylolysis/spondylolisthesis

Osteoporotic compression fracture

Scoliosis

Spinal cord tumors

9 (8.2)

3 (2.7)

0 (0.0)

4 (3.6)

2 (1.8)

1 (0.9)

2 (1.8)

0 (0.0)

0 (0.0)

18 (17.3)

4 (3.8)

2 (1.9)

5 (4.8)

4 (3.8)

1 (1.0)

3 (2.9)

2 (1.9)

2 (1.9)

Complications

Complications of orthopedic diseasese

Diabetes

Stroke

Hypertension

Hyperlipidemia

Cervical spondylosis

Posterior longitudinal ligament ossification

Rheumatoid arthritis

Herniated intervertebral disc

Spondylolysis/spondylolisthesis

Osteoporotic compression fracture

Scoliosis

82 (74.5)

37 (33.6)

17 (15.5)

3 (2.7)

55 (50.0)

42 (38.2)

5 (4.5)

1 (0.9)

4 (3.6)

13 (11.8)

14 (12.7)

1 (0.9)

7 (6.4)

79 (76.0)

26 (25.0)

24 (23.1)

2 (1.9)

59 (56.7)

33 (31.7)

3 (2.9)

0 (0.0)

4 (3.8)

8 (7.7)

12 (11.5)

0 (0.0)

2 (1.9)
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(67.8 vs. 70.9 years), proportions of female
patients (54.5% vs. 49.0%), mean body weights
(63.9 vs. 62.0 kg), mean CrCL values (81.5 vs.
70.7 mL/min), proportions of patients with
CrCL 30 to\60 mL/min (27.3% vs. 33.7%),
mean VAS scores (63.8 vs. 62.8 mm), and pro-
portions of patients with VAS score C 60 (53.6%
vs. 52.9%) at enrollment were similar. The
median duration of LSS was 9.0 months in the
mirogabalin and NSAIDs group and
11.0 months in the NSAIDs group. The distri-
bution of the pain and LSS symptoms, in the
buttocks and bilateral legs, did not differ
between the groups. The most common com-
plications were hypertension, hyperlipidemia,
and complications of orthopedic diseases. The
most common types of NSAIDs used were cele-
coxib and loxoprofen sodium hydrate. Com-
pliance with the package insert (compliant
group) was reported in 74.5% of patients in the
mirogabalin and NSAIDs group and 96.2% of
patients in the NSAIDs group. The rescue med-
ication (acetaminophen) was less prescribed in
the mirogabalin and NSAIDs group than in the
NSAIDs group (60.0% vs. 78.8%). Similar results

were obtained when patient demographic and
clinical characteristics were evaluated in
patients who were compliant with the package
insert (Supplementary Material Table S1).

The daily dose of mirogabalin at baseline and
Weeks 2, 4, 8, and 12 according to renal func-
tion in the mITT population is shown in Sup-
plementary Material Table S2. Among patients
with normal/mild renal function
(CrCL C 60 mL/min), 9 (14.5%) and 44 (71.0%)
patients received effective doses of 10 mg BID
and 15 mg BID, respectively. Among patients
with moderate renal impairment (CrCL 30
to\60 mL/min), 5 (21.7%) and 15 (65.2%)
patients received effective doses of 5 mg BID
and 7.5 mg BID, respectively. Most patients
(95% to 100%) reported that they were ‘‘mostly
compliant ([75%)’’ at all timepoints and for
both CrCL subgroups (data not shown).

Efficacy

The least square (LS) mean change ± standard
error (SE) in VAS score for leg pain from baseline
to Week 12 (primary endpoint)

Table 1 continued

Characteristics Mirogabalin and NSAIDs
(n = 110)

NSAIDs
(n = 104)

History of spine surgery

Cervical vertebrae

Thoracic vertebrae

2 (1.8)

2 (1.8)

0 (0.0)

4 (3.8)

3 (2.9)

1 (1.0)

Compliance with the package insert

Compliant

Non-compliant

82 (74.5)

28 (25.5)

100 (96.2)

4 (3.8)

Data are mean ± SD or n (%)
CrCL creatinine clearance, NSAIDs non-steroidal anti-inflammatory drugs, VAS visual analog scale, LSS lumbar spinal
stenosis, mITT modified intention-to-treat, SD standard deviation, SPDQ spine pain DETECT questionnaire, SF-SPDQ
short form SPDQ
an = 108
bn = 109
cWithin 6 months from the time of enrollment
dUsed between enrollment and end of treatment. Only drugs for which the proportion of patients was[ 10% are listed
eIncludes the following complications: cervical spondylosis, ossification of the posterior longitudinal ligament, rheumatoid
arthritis, herniated intervertebral disc, spondylolysis, slipped disc, osteoporotic compression fracture, scoliosis, and spinal
cord tumors
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was - 24.1 ± 2.8 mm (95% CI - 29.6, - 18.6;
P\ 0.0001 vs. baseline) in the mirogabalin and
NSAIDs group and - 14.2 ± 3.0 mm (95%
CI - 20.2, - 8.3; P\0.0001 vs. baseline) in the
NSAIDs group. Using MMRM analysis, the dif-
ference in LS mean was - 9.9 (95% CI - 18.0,
- 1.8; P = 0.0174) (Table 2). Similar significant
results were obtained in the PPS [difference in
LS mean (95% CI), - 12.2 (– 20.5, - 3.9),
P = 0.0040; by MMRM analysis], LOCF [differ-
ence in LS mean (95% CI), - 10.2 (–
17.3, - 3.2), P = 0.0047; by ANCOVA] and
BOCF [difference in LS mean (95% CI), - 8.1
(- 14.8, - 1.4), P = 0.0176; by ANCOVA] as a
sensitivity analysis (data not shown in
Tables and Figures). The VAS score for leg pain
gradually decreased from baseline to Week 12 in
both groups (Fig. 3a). The change in VAS score
from baseline to Week 12 was significantly
higher in the mirogabalin and NSAIDs group
versus the NSAIDs group [difference in mean
(95% CI), - 9.9 (- 18.4, - 1.4), P = 0.0229; by t
test] (Fig. 3b). Similar significant results were
obtained in LOCF and BOCF. Additionally, a
significant decrease in the VAS score was shown
in the mirogabalin and NSAIDs group compared
with the NSAIDs group starting at Week 8 [dif-
ference in mean (95% CI), - 13.7
(- 21.7, - 5.7), P = 0.0009; by t test] (Fig. 3b).

In the subgroups according to compliance
with the package insert, similar significant
improvements in VAS scores from baseline to
Week 12 were observed (Supplementary Mate-
rial Figure S1 and Table S3). In the compliant
subgroup, a significant decrease in VAS score
was shown in the mirogabalin and NSAIDs
group versus the NSAIDs group (LS mean -

10.2; 95% CI - 18.8, - 1.5; P = 0.0212) (Sup-
plementary Material Table S3).

The changes in VAS scores from baseline to
Week 12 in subgroups according to baseline
VAS score, renal function, type of LSS symp-
toms, SPDQ score, and SF-SPDQ score are shown
in Supplementary Material Table S3. In sub-
groups with VAS score\ 60 mm,
CrCL C 60 mL/min, both pain and numbness,
and SPDQ and SF-SPDQ total score C 0, the
mirogabalin and NSAIDs group had a significant
tendency for a decreased VAS score compared
with the NSAIDs group, although there was bias
in the number of patients. In the other sub-
groups, there was a numerical decrease in VAS
score in the mirogabalin and NSAIDs group
versus the NSAIDs group.

Regarding the secondary endpoints, the EQ-
5D-5L score improved from baseline to Week 12
in both treatment groups (Table 3). The
improvement in EQ-5D-5L score at Week 12 was

Table 2 Change in VAS score for leg pain from baseline to Week 12 (primary endpoint) in patients completing the study
by MMRM analysis (mITT population)

Parameter Mirogabalin and NSAIDs
(n = 85)

NSAIDs
(n = 75)

Change in VAS score from baseline, mm

LS mean ± SE - 24.1 ± 2.8 - 14.2 ± 3.0

95% CI - 29.6, - 18.6 - 20.2, - 8.3

P value vs. baselinea \ 0.0001 \ 0.0001

Difference in LS mean change in VAS score, mm

LS mean ± SE - 9.9 ± 4.1 –

95% CI - 18.0, - 1.8 –

P value vs. NSAIDsa 0.0174 –

CI confidence interval, LS least squares, MMRM mixed model for repeated measure model, mITT modified intention-to-
treat, NSAIDs nonsteroidal anti-inflammatory drugs, SE standard error, VAS visual analog scale
aMMRM
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Fig. 3 a VAS score for leg pain and b its change from
baseline (mITT population). Data are mean ± SD. No
statistical tests were conducted for the results shown in a;
analysis by t test was conducted to obtain the P values in
b. *P\ 0.05 for between-group differences. **P\ 0.01 for
between-group differences. BOCF baseline observation

carried forward, CI confidence interval, LOCF last
observation carried forward, mITT modified intention-
to-treat, NSAIDs non-steroidal anti-inflammatory drugs,
SD standard deviation, VAS visual analog scale
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significantly greater in the mirogabalin and
NSAIDs group compared with the NSAIDs group
[mean difference (95% CI), 0.0529 (0.0036,
0.1022), P = 0.0357]. When evaluating each
item of the EQ-5D-5L, the proportion of
patients with no problems increased from
baseline to Week 12 for all items in the
mirogabalin and NSAIDs group (Supplementary
Material Table S4). A similar tendency in EQ-
5D-5L score changes in the mITT population
was observed among patients who were com-
pliant with the package insert (Supplementary
Material Table S5).

At Week 12, the proportion of patients with
a PGIC score B 3 (the sum of minimally, much,
and very much improved) was significantly
higher in the mirogabalin and NSAIDs group
versus the NSAIDs group (76.2% vs. 50.0%,
respectively, P = 0.0006) (Table 4). The propor-
tion of patients with PGIC score B 2 (the sum of
much and very much improved) at Week 12 was
47.6% in the mirogabalin and NSAIDs group,
and 32.4% in the NSAIDs group (P = 0.0523). A
similar tendency in PGIC score results was

observed among patients in the mITT popula-
tion who were compliant with the package
insert (Supplementary Material Table S6).

Safety

TEAEs and ADRs occurring in C 2% patients are
shown in Table 5. The incidence of TEAEs was
60.9% and 14.2% in the mirogabalin and
NSAIDs group and NSAIDs group, respectively,
and that of ADRs was 57.3% and 3.8%, in each
group, respectively. The proportion of patients
who discontinued treatment due to a TEAE or
ADR was 8.2% vs. 0.0%, in each group, respec-
tively. The most common TEAEs in the
mirogabalin and NSAIDs group were somno-
lence (30.0%), dizziness (25.5%), oedema
peripheral (5.5%), and constipation (5.5%).
Most TEAEs were mild or moderate in severity,
and no serious TEAEs or deaths were reported in
the mirogabalin and NSAIDs group. Weight
gain, which is a known side-effect of
gabapentinoids, occurred in 1.8% (n = 2) of

Table 3 Change in EQ-5D-5L score from baseline to Week 12 in patients completing the study (mITT population)

Parameter Mirogabalin and NSAIDs
(n = 85)

NSAIDs
(n = 75)

Baseline Week 12 Baseline Week 12

EQ-5D-5L scorea

Mean ± SD 0.6525 ± 0.1555 0.7312 ± 0.1587 0.7008 ± 0.1534 0.7267 ± 0.1660

Median

(Q1, Q3)

0.6848 (0.5571,

0.7589)

0.7589 (0.6361,

0.8307)

0.7315 (0.5925,

0.8228)

0.7566 (0.6412,

0.8479)

Min, Max 0.269, 1.000 0.209, 1.000 0.245, 1.000 0.208, 1.000

Change in EQ-5D-5L scorea

Mean ± SD – 0.0787 ± 0.1641 – 0.0259 ± 0.1497

Mean difference

(95% CI)a
– 0.0529 (0.0036,

0.1022)

– –

P value vs.

NSAIDsb
– 0.0357 – –

CI confidence interval, EQ-5D-5L EuroQol five-dimensional descriptive system, mITT modified intention-to-
treat, NSAIDs non-steroidal anti-inflammatory drugs, Q quartile, SD standard deviation
aComplete case analyses were used; data from patients missing even one visit were excluded
bt test
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patients in the mirogabalin group and 0%
(n = 0) in the NSAIDs group as TEAEs, and as
ADRs in 1.8% (n = 2) and 0% (n = 0) of patients
in the mirogabalin and NSAIDs groups, respec-
tively. In the NSAIDs group, there was one
serious TEAE of breast cancer, which was
determined to have no causal relationship to
NSAID use; the outcomes were mild, and no
deaths were reported during the study period.
The most common TEAEs leading to treatment
discontinuation were somnolence (1.8%),
dizziness (1.8%), and diarrhea (1.8%). A similar
tendency in the incidence of TEAEs and ADRs in
the safety analysis set was observed in the

subgroups according to compliance with the
package insert (Supplementary Material
Table S7).

DISCUSSION

The MiroTAS study was a multicenter, ran-
domized, open-label, parallel group, interven-
tional study that aimed to assess the efficacy
and safety of mirogabalin as an add-on in LSS

Table 4 PGIC at Week 12 in patients completing the
study (mITT population)

Mirogabalin and
NSAIDs
(n = 84)

NSAIDs
(n = 74)

1. Very much improved 9 (10.7) 4 (5.4)

2. Much improved 31 (36.9) 20 (27.0)

3. Minimally improved 24 (28.6) 13 (17.6)

4. No change 13 (15.5) 27 (36.5)

5. Minimally worse 3 (3.6) 8 (10.8)

6. Much worse 4 (4.8) 2 (2.7)

7. Very much worse 0 (0.0) 0 (0.0)

PGIC (score B 3) 64 (76.2) 37 (50.0)

Difference 26.2 –

95% CI 11.6, 40.8 –

P value vs. NSAIDsa 0.0006 –

PGIC (score B 2) 40 (47.6) 24 (32.4)

Difference 15.2 –

95% CI 0.1, 30.3 –

P value vs. NSAIDsa 0.0523 –

Data are n (%) unless otherwise indicated
CI confidence interval, mITT modified intention-to-treat,
NSAIDs non-steroidal anti-inflammatory drugs, PGIC
Patient Global Impression of Change
aChi-square test

Table 5 TEAEs and ADRs occurring in C 2% patients
(safety analysis set)

Safety analysis set Mirogabalin and
NSAIDs
(n = 110)

NSAIDs
(n = 106)

Overall TEAEs 67 (60.9) 15 (14.2)

Somnolence 33 (30.0) 0 (0.0)

Dizziness 28 (25.5) 1 (0.9)

Oedema peripheral 6 (5.5) 0 (0.0)

Constipation 6 (5.5) 0 (0.0)

Unpleasant sensation in

the abdomen

2 (1.8) 4 (3.8)

Serious TEAEs 0 (0.0) 1 (0.9)

Discontinuation due to

TEAEs

9 (8.2) 0 (0.0)

Overall ADRs 63 (57.3) 4 (3.8)

Somnolence 33 (30.0) 0 (0.0)

Dizziness 28 (25.5) 1 (0.9)

Oedema peripheral 6 (5.5) 0 (0.0)

Constipation 6 (5.5) 0 (0.0)

Serious ADRs 0 (0.0) 0 (0.0)

Discontinuation due to

ADRs

9 (8.2) 0 (0.0)

Data are n (%)
Coded using the MedDRA/J, version 24.1
ADRs adverse drug reactions,MedDRA/J Japanese Medical
Dictionary for Regulatory Activities, NSAIDs non-ster-
oidal anti-inflammatory drugs, TEAEs treatment-emergent
adverse events

1208 Pain Ther (2022) 11:1195–1214



patients taking NSAIDs compared with those
taking NSAIDs alone. A total of 220 patients met
the eligibility criteria and were enrolled in the
study. Baseline patient demographic and clini-
cal characteristics were generally well balanced
between the two treatment groups.

Improvement in VAS Score

The VAS score for leg pain decreased signifi-
cantly from baseline to Week 12 in both the
mirogabalin and NSAIDs group (LS mean
change, - 24.1 ± 2.8 mm) and the NSAIDs
group (- 14.2 ± 3.0 mm) (both P\0.0001 vs.
baseline). This improvement in VAS score was
significantly greater in the group taking
mirogabalin as an add-on to NSAIDs compared
with the group taking NSAIDs alone
(P = 0.0174). These results are similar to previ-
ous phase 3 studies of mirogabalin vs. placebo
for the treatment of Asian patients with diabetic
peripheral neuropathic pain (mean change in
VAS score at Week 14, - 22.5 mm) and pos-
therpetic neuralgia (mean change in VAS score
at Week 14, - 21.4 mm) [23, 24], and a sub-
group analysis of the MIROP study (mean
change in VAS score at Week 4, - 15.7 mm)
[25]. In clinical practice, the fact that the VAS
improved by[20 mm in the group taking
mirogabalin as an add-on to NSAIDs in this
study is a clinically meaningful difference [29].
As noted by Ostelo et al., a 30% improvement
from baseline is considered clinically meaning-
ful for general pain related to back disorders
[30]. Other studies have reported minimal
clinically important differences of 1.6 points
(VAS 16 mm) for leg pain and 2 points (VAS
20 mm) for leg pain and numbness [31, 32]. In
the present study, improvements for patients in
the mirogabalin and NSAIDs group exceeded
the minimum clinically important differences
described above, but those in the NSAIDS group
did not.

One previous study reported that the com-
bination of pregabalin and NSAIDs improved
VAS score for leg pain at Week 6 (95% CI -
2.3, - 0.9) [17], and another study reported
that a combination of pregabalin plus limaprost
as a prostaglandin E2 analog decreased the VAS

score (baseline, 6.7 cm; Week 8, 4.2 cm) [20].
These results were generally consistent with
those of the present study. However, some pre-
vious studies of gabapentin reported different
results in VAS score from our study [12, 15]. In
28 patients receiving combination therapy with
gabapentin, NSAIDs, physical therapy exercises,
and a lumbosacral corset, the mean VAS score
decreased from baseline (7.0 ± 1.5 cm) to Week
16 (2.9 ± 2.6 cm) [12]. In that study, the con-
trol group consisting of patients receiving
NSAIDs, physical therapy exercises, and a lum-
bosacral corset also had a decreased mean VAS
score (baseline, 6.7 ± 1.2 cm; Week 16,
4.7 ± 2.2 cm). In a previous study of patients
with chronic low back pain, exercise therapy
was shown to have equivalent efficacy to that of
NSAIDs use [33]. Thus, the difference in the
presence or absence of physical therapy exer-
cises may explain the difference of VAS reduc-
tion between the previous and present studies.
It is also noted that the differences from the
control group in VAS reduction is similar
between the previous and present studies.
Another study reported better improvement of
VAS score in LSS patients taking gabapentin for
12 weeks compared with our study (baseline,
7.0 ± 0.9 cm; Week 12, 2.1 ± 1.5 cm) [15].
However, that study did not report detailed data
such as patient background, had a relatively
small number of cases (n = 45), bias of female
patients (89%), inclusion of patients in acute
pain due to LSS, and inclusion of patients who
had received no prior treatment for LSS, which
makes it difficult to compare the findings with
our study. Notably, the current study shows
that mirogabalin as an add-on to NSAIDs exhi-
bits good efficacy for LSS patients, which is
equivalent to pregabalin and gabapentin.

In this study, the change in VAS of leg pain
at Week 8 in the mirogabalin and NSAIDs group
was significantly different from that in the
NSAIDs group. These results suggested that the
effective dose of mirogabalin was reached at
Week 8 and that it was important to increase
the dose of mirogabalin to the effective dose. In
contrast, in the 14-week Asian phase 3 study, a
significant difference in the change of pain
intensity in the mirogabalin group versus the
placebo group was observed from the early
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phase (Week 1) after administration of miroga-
balin, which was administered at low doses [24].
The reason for the difference in the time of
onset of efficacy between the present study and
the previous study is not clear. However, ele-
ments of the study design such as target disease,
placebo control, single use or combination use,
add-on to NSAIDs, and open-label use were
different. Particularly, the NSAIDs group had a
stronger effect of VAS reduction than initially
expected, which may be explained as a placebo
effect. However, as the statistical analysis used
in our study was based on the difference from
NSAIDs, we considered there to be no possibility
of overestimating the efficacy of mirogabalin
due to a placebo effect.

Mirogabalin as an add-on to NSAIDs showed
a certain improvement in VAS regardless of
renal function, although there was no statisti-
cally significant difference between the
mirogabalin and NSAIDs group and the NSAIDs
group in the subgroup with CrCL 30
to\60 mL/min, which may be due to the small
number of cases. It is possible that the per-
centage of patients who reached the effective
dose of mirogabalin at the end of the study was
relatively high regardless of renal function
(both CrCL subgroups,[85%).

In terms of the type of LSS symptoms,
mirogabalin significantly reduced VAS scores in
patients with pain, and both pain and numb-
ness. When comparing the mirogabalin and
NSAIDs group and the NSAIDs group, there was
no statistically significant difference in the
improvement in VAS score in the subgroup with
pain alone, which may be due to the relatively
small number of cases. To the best of our
knowledge, there are no reports of gabapenti-
noids, such as pregabalin and gabapentin, ana-
lyzed in terms of their effect by type of LSS
symptoms. Our results suggest that mirogabalin
treatment may improve numbness in patients,
which is not expected with gabapentinoids.
While this study showed mirogabalin improved
pain and numbness symptoms in LSS patients,
we evaluated the pain intensity for affected legs
using VAS scores and did not evaluate index
scale of numbness. Further studies are required
to evaluate the efficacy of mirogabalin for the
treatment of numbness.

The SPDQ, recently developed by Nikaido
et al., is a simple screening tool for the diagnosis
of neuropathic pain due to spinal disorders, and
although its specificity is relatively low, its
sensitivity is good and it is highly convenient
[26]. In this study, the majority of patients were
diagnosed using the SPDQ and SF-SPDQ as
having possible neuropathic pain, and for these
patients, mirogabalin as an add-on to NSAIDs
significantly reduced VAS more than NSAIDs
alone. However, a similar trend was not
observed in a small number of patients who
were not diagnosed with possible neuropathic
pain by the SPDQ and SF-SPDQ. These results
suggest that mirogabalin may be particularly
effective for neuropathic pain among patients
with LSS.

Improvement in QOL (EQ-5D-5L
and PGIC)

The goal of treating neuropathic pain is to
reduce pain and improve daily living and QOL,
rather than to eliminate the pain [34]. Our
study showed that mirogabalin as an add-on to
NSAIDs improves QOL indices such as EQ-5D-
5L and PGIC with statistically and clinically
meaningful differences compared with NSAIDs
alone.

Improvement of EQ-5D-5L scores from
baseline when mirogabalin was added on to
NSAIDs was 0.0787 at Week 12, which exceeds
the minimal important difference of 0.061 [35].
Additionally, mirogabalin improved EQ-5D-5L
scores within a similar range to a previous study
of pregabalin for patients with neuropathic pain
and spine disease mostly taking NSAIDs (95%)
(EQ-5D-5L LS mean change from baseline, 0.08
at Week 8) [36].

Mirogabalin as an add-on to NSAIDs also
improved PGIC, and patient ratios of ‘‘mini-
mally improved or better’’ and ‘‘much improved
or better’’ were similar to those in previous
phase 3 studies for patients with diabetic
peripheral neuropathic pain and postherpetic
neuralgia (30 mg/day mirogabalin, PGIC score
B 3, 76.2% vs. 70%, 69%; PGIC score B 2,
47.6% vs. 40%, 34%) [23, 24]. Our result is also
consistent with a previous study of pregabalin
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for patients with chronic low back pain with
lower limb pain (including 31% LSS, of whom
97% were taking NSAIDs) (PGIC score B 3,
76.2% vs. 74%) [37]. These results suggest that
mirogabalin can not only reduce pain, but also
improve QOL in patients with LSS taking
NSAIDs.

Safety

There was no significant difference between the
proportion of patients in the two groups who
dropped out. Although there was an increase in
AEs in the mirogabalin and NSAIDs group
compared with the NSAIDs group, it was com-
parable to previous trials of mirogabalin
[23, 24]. The major types of AEs were not new
and were similar to those observed in previous
trials [23, 24]. Safety findings were also consis-
tent with those of previous studies of pregabalin
[17, 20, 36] or gabapentin [38]. The incidences
of oedema peripheral as a TEAE of mirogabalin
treatment have previously been reported to be
4.6% [23] and 11.2% [24], which are similar to
that seen in this study (5.5%). Previous phase III
trials of mirogabalin have also observed the
TEAE incidences of weight gain to be 7.9% [24]
and 9.3% [23]. In this study, we observed far
fewer incidences of weight gain (1.8%),
although the reasons for this are unclear.
Mirogabalin can be used for continued treat-
ment with the risk of fewer AEs as it is possible
to fine-tune dose adjustments after the titration
period. When using mirogabalin for treatment,
careful attention should be paid to the possi-
bility of patients developing somnolence and
dizziness.

Limitations

The present study is limited and biased by its
open-label study design. The target sample size
was not reached due to the impact of the
COVID-19 pandemic. The present study only
included patients with the radicular type of LSS
with VAS scores of C 40 mm. Additionally,
muscle strength, functional disability, and sen-
sory status, which are considered important
outcome measures, were not evaluated.

CONCLUSION

The addition of mirogabalin to NSAIDs
improved peripheral neuropathic pain associ-
ated with LSS and raised no new safety con-
cerns, although caution is recommended due to
the possibility of somnolence and dizziness. The
results of this study suggest that mirogabalin
may be a new treatment option for pain in
patients with LSS patients, potentially broad-
ening treatment options and improving quality
of life for patients with LSS who experience
pain.
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