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ABSTRACT

Introduction: Central neuropathic pain (CNeP)
is difficult to treat and has diverse etiology,
including spinal cord injury (CNePSCI),
Parkinson’s disease (CNePPD), and central post-
stroke pain (CPSP). The safety and efficacy of
mirogabalin have been demonstrated in short-

term trials, including patients with CNePSCI.
The objective of our study was to confirm the
safety/efficacy of mirogabalin in patients with
CNePPD and CPSP, and obtain long-term data
for CNePSCI.
Methods: This 52-week, open-label extension
of a previous randomized controlled study was
conducted across Japan, Korea, and Taiwan.
Patients with CNePSCI, CNePPD, or CPSP
received twice daily (BID) 5–10 mg mirogabalin
for a 4-week titration period, after which the
dosage was maintained for 47 weeks at a maxi-
mum of 15 mg BID, followed by a 1-week taper
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period receiving the same dose but only
administered once daily. The primary endpoint
was safety, assessed primarily by incidence and
severity of treatment-emergent adverse events
(TEAEs). Efficacy was assessed in a post hoc
analysis of data obtained by the short-form
McGill Pain Questionnaire (SF-MPQ).
Results: Of the 210 patients enrolled, 106, 94,
and 10 had CNePSCI, CPSP, and CNePPD,
respectively. The mean overall age of patients
was 62.9 years, and most patients were male and
of Japanese ethnicity. TEAEsoccurred in84.8%of
patients, the most common being somnolence
(16.7%), peripheral edema (12.4%), edema
(11.4%), nasopharyngitis (11.0%), and dizziness
(7.6%).Most TEAEsweremild. Severe and serious
TEAEs occurred in 6.2% and 13.3% of patients,
respectively. All patient groups experienced
reductions in SF-MPQ visual analog scores for
pain: mean ± standard deviation changes from
baseline at week 52 were -2.3 ± 21.13 mm
(CNePSCI), -17.0 ± 24.99 mm (CPSP), and
-17.1 ± 35.32 mm (CNePPD).
Conclusion: Mirogabalin was generally safe,
well tolerated, and effective for treatment of
CNeP in this long-term study.
Trial registration: ClinicalTrials.gov identifier,
NCT03901352.

Keywords: Central neuropathic pain; Efficacy;
Gabapentinoid; Mirogabalin; Open-label;
Parkinson’s disease; Post-stroke pain; Safety;
Spinal cord injury

Key Summary Points

Why carry out this study?

Safe and effective pharmacotherapy
options for central neuropathic pain
(CNeP) are limited.

Mirogabalin, a selective a2d ligand drug, is
an orally administered gabapentinoid that
has shown promise for treatment of
neuropathic pain, but data for long-term
treatment of CNeP are lacking.

We assessed the safety and efficacy of
long-term administration of mirogabalin
in adult Asian patients with CNeP caused
by spinal cord injury, Parkinson’s disease,
or central post-stroke pain.

What was learned from this study?

Long-term administration of mirogabalin
was generally safe, well tolerated up to a
15-mg twice daily dosage, and effective.

Mirogabalin may be a useful treatment
option for patients with CNeP caused by
spinal cord injury, Parkinson’s disease, or
central post-stroke pain.

INTRODUCTION

Neuropathic pain can be broadly classified as
central neuropathic pain (CNeP) or peripheral
neuropathic pain (PNeP), and is defined as pain
resulting from a lesion in, or dysfunction of, the
somatosensory nervous system [1–3]. CNeP and
PNeP differ in their etiology and treatment,
with CNeP typically resulting from disease or
injury such as stroke, spinal cord injury (SCI),
multiple sclerosis, or Parkinson’s disease [4, 5].

Treatment of CNeP resulting from spinal
cord injury (CNePSCI), central post-stroke pain
(CPSP), and CNeP associated with Parkinson’s
disease (CNePPD) has included diverse thera-
peutics such as anticonvulsants, antidepres-
sants, analgesics, and cannabinoids, but
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controlled trials have shown limited effective-
ness of such drugs for CNeP, with the exception
of anticonvulsant drugs such as pregabalin (a
gabapentinoid) and lamotrigine [6–8]. However,
current treatment options do not always pro-
vide adequate pain relief, and adverse drug
reactions (ADRs) may limit the usefulness of
certain drugs, as poor compliance may lead to
discontinuation [9]. A recent metaanalysis sug-
gested that pregabalin and gabapentin had
similar safety and efficacy with respect to
treatment of CNePSCI [10]. The efficacy and
safety of pregabalin as monotherapy [11] and as
an adjunct to non-steroidal antiinflammatory
medications [12] in the management of CPSP
have been investigated in open-label trials;
however, the long-term efficacy of pregabalin in
reducing pain has not yet been demonstrated in
a randomized, placebo-controlled trial [13].
Similarly, studies of the efficacy of gabapentin
for CPSP have been limited to observational
trials [14], and currently there is insufficient
high-quality evidence to support its use as an
effective treatment. To our knowledge, no
clinical trials have examined the efficacy and
safety of pregabalin for CNePPD, and evidence
for gabapentin for this indication is limited to a
case report [15].

Mirogabalin is an oral gabapentinoid with
analgesic effects that was first approved in Japan
in 2019 for the treatment of PNeP [16, 17].
Following the approval for PNeP, a randomized
double-blind placebo-controlled study of
mirogabalin for CNePSCI demonstrated the
efficacy of mirogabalin after 14 weeks of treat-
ment [18]. Based on the results of that trial,
mirogabalin was subsequently approved in
Japan for the treatment of neuropathic pain
including both PNeP and CNeP [19].

The present study is a long-term, open-label
treatment extension of the previous random-
ized controlled study [18], and is the first to
evaluate the long-term safety and efficacy of
mirogabalin for CNeP. The study objectives
were to confirm the safety and efficacy of
mirogabalin for up to 52 weeks of administra-
tion, not only in patients with CNePSCI, but
also for the first time in patients with CPSP and
CNePPD.

METHODS

Study Design and Participants

This was a multinational, open-label, long-term
study of mirogabalin for the treatment of CNeP,
conducted from March 2019 to December 2020,
as a long-term extension of the phase 3 ran-
domized double-blind placebo-controlled trial
reported previously [18]. Patients with CNePSCI
who completed the previous 14-week double-
blind treatment period were eligible for inclu-
sion in the present open-label extension.
Patients with CPSP or CNePPD did not partici-
pate in the previous double-blind treatment
period and were recruited separately by the
investigator or sub-investigator, who performed
an interview to assess eligibility after obtaining
written informed consent. Patients were recrui-
ted from approximately 120 sites in Japan,
Korea, and Taiwan, and details are reported in
the double-blind study [18].

The study design is illustrated in Fig. 1. The
planned duration was approximately 53 weeks,
which included a 52-week treatment period and
a 1-week follow-up period after the final dose.
The treatment period consisted of a 4-week
titration period, a 47-week maintenance dose
period, and a 1-week taper period. Patients with
CNePSCI continuing from the 14-week double-
blind treatment period provided informed
consent prior to beginning the treatment per-
iod. Patients with CPSP and CNePPD provided
informed consent, then underwent a 1-week
observation period prior to beginning the
treatment period (approximately 54 weeks
total). Patients with CPSP and CNePPD were
required to undergo a 4-week washout period,
prior to beginning the observation period, if
they had previously been receiving a
gabapentinoid. Patients with CNePSCI contin-
uing from the double-blind trial were not
required to undergo washout.

Oral mirogabalin was initiated at 5 mg twice
daily (BID) for the first 2 weeks of the treatment
period, increased to 10 mg BID for the next
2 weeks, then escalated to the maintenance
dose of 15 mg BID for the remainder of the
maintenance dose period, if there were no
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safety concerns. During the maintenance dose
period, mirogabalin could be reduced to 10 mg
BID if there were any safety issues. For the final
week (taper period), the daily dosage was
reduced as follows: patients who received a
10-mg BID maintenance dose tapered to 10 mg
once daily, and patients who received a 15-mg
BID maintenance dose tapered to 15 mg once
daily. Patients with reduced renal function
[creatinine clearance (CrCL) of 30 mL/min
to\60 mL/min] received 50% of the dose of
mirogabalin administered to patients with nor-
mal renal function or mild renal impairment
(CrCL C 60 mL/min).

Pregabalin, gabapentin, and other investiga-
tional products were prohibited for concomi-
tant use from the titration period through the
post-treatment follow-up period. Patients self-
administered the investigational product, and
treatment compliance was assessed by the
number of tablets returned at each study visit.

Patients with CNePSCI who completed the
14-week double-blind treatment period were
eligible for the present study; the eligibility
criteria have been previously reported [18] and
are summarized in the Supplementary Methods.
Inclusion criteria specific to patients with CPSP
were: stroke occurring C 6 months prior to

screening, with stable CPSP for C 3 months
prior to screening, damage of the somatosen-
sory pathways due to stroke (confirmed by
computed tomography or magnetic resonance
imaging), pain region neurologically matched
with the same pathways, and a pain score
of C 40 mm on the short-form McGill Pain
Questionnaire (SF-MPQ) visual analog scale
(VAS) at screening and enrollment [20]. Key
exclusion criteria for patients with CPSP were
grade C 5 on the modified Rankin scale and
bleeding at screening (further details are pro-
vided in the Supplementary Methods).

Inclusion criteria specific to patients with
CNePPD were: Parkinson’s disease diagno-
sis C 6 months prior to screening, CNeP corre-
sponding to the clinical classification of painful
or unpleasant sensations in Parkinson’s disease
by the Ford classification [21], stable CNePPD
for C 3 months prior to screening, and a pain
score of C 40 mm on the SF-MPQ VAS. Key
exclusion criteria for these patients were Hoehn
and Yahr stage V at screening and other severe
pain unrelated to Parkinson’s disease (further
details are provided in the Supplementary
Methods).

Fig. 1 Study design. aPatients who were receiving prohib-
ited concomitant medications prior to study entry under-
went a minimum 28-day washout. bPatients with
creatinine clearance 30 mL/min to\ 60 mL/min at
screening received 50% of the mirogabalin dose. BID

twice daily, IC informed consent, CNePSCI central
neuropathic pain from spinal cord injury, CNePPD central
neuropathic pain from Parkinson’s disease, CPSP central
post-stroke pain, DB double-blind, QD once daily
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Ethics

The study protocol, protocol amendments,
informed consent forms, and information
sheets were approved by the relevant Indepen-
dent Ethics Committees or Institutional Review
Boards at each study center (see Table S1 in the
Supplementary Material for a list of participat-
ing institutions). This study was conducted in
compliance with the protocol and ethical prin-
ciples that have their origin in the Declaration
of Helsinki, the International Council for Har-
monisation Good Clinical Practice guidelines,
and the Japanese Ministry of Health, Labour
and Welfare. All patients provided written
informed consent prior to participating in the
study. This trial was registered in ClinicalTri-
als.gov under the identifier NCT03901352.

Safety (Primary Endpoint)

The primary endpoint was long-term safety,
assessed by incidence and severity of treatment-
emergent adverse events (TEAEs), clinical labo-
ratory tests, vital signs, 12-lead electrocardiog-
raphy, body weight, edema, the Columbia-
Suicide Severity Rating Scale (C-SSRS), and the
Hospital Anxiety and Depression Scale. Adverse
events (AEs) of special interest (AESIs) included
AEs related to liver enzyme elevation/liver dys-
function and AEs related to suicide based on the
C-SSRS. Significant AEs were defined as any AE
related to dizziness, somnolence, loss of con-
sciousness, edema, weight gain, the cardiovas-
cular system, cardiac failure, visual disorder,
glucose intolerance, drug abuse, or drug with-
drawal. AEs were coded using the Medical Dic-
tionary for Regulatory Activities (MedDRA),
version 23.0.

Efficacy Outcomes

Patients were required to complete a self-
assessment of their pain using the SF-MPQ at
each study visit during the treatment period.
The SF-MPQ consists of three parts: a set of 15
pain descriptors (11 sensory and 4 affective)
scored from 0 (none) to 3 (severe), a VAS, in
which patients rate their pain on a scale of 0 (no

pain) to 100 (worst possible pain), and a present
pain intensity index that provides a score of 0 to
5 based on intensity. The SF-MPQ data and time
course of SF-MPQ VAS scores were analyzed by
patient group as post hoc analyses.

Statistical Analysis

Approximately 180 patients were planned to be
enrolled, with a minimum of 60 each for
CNePSCI and CPSP, and 10 for CNePPD, with
the goal of achieving a completion rate of at
least 100 patients receiving treatment for 1 year,
in accordance with the ICH E1 guidelines [22].
The safety and efficacy analysis sets were iden-
tical and included all patients who provided
informed consent and received at least one dose
of study medication.

Continuous variables were summarized by
the number of observations, mean, standard
deviation (SD), median, and range. Categorical
variables were summarized using frequency
counts and percentages. No imputation was
performed for missing safety data. Missing data
for efficacy endpoints were handled according
to the standard scoring instructions of the SF-
MPQ questionnaire, using a last-observation
carried forward (LOCF) approach. All statistical
analyses were performed with SAS Version 9.3
or higher (SAS Institute Inc., Cary, NC, USA).

RESULTS

Patients

Of 231 patients assessed for eligibility, 210 were
enrolled and included in both the safety and
efficacy analysis sets: 106, 94, and 10 for the
CNePSCI, CPSP, and CNePPD groups, respec-
tively (Fig. 2). The main reasons for discontin-
uation were AEs, and the overall study
completion rate was 81.0%. The overall treat-
ment compliance rate was 97.9%, and 19, 15,
and 6 patients discontinued the study in the
CNePSCI, CPSP, and CNePPD groups,
respectively.

Baseline characteristics are shown in Table 1.
The mean overall age was 62.9 years and 51.9%
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of patients were C 65 years old. The mean ± SD
VAS was 61.4 mm ± 20.4 and the mean CrCL
was 91.7 mL/min. Forty-eight patients (22.9%)
had reduced renal function (CrCL 30 mL/min
to\60 mL/min) and received a 50% reduced
dose. Most patients were male and Japanese,
although there was a higher proportion of
women in the CNePPD group compared with
the CNePSCI and CPSP groups. The mean age
was higher in the CPSP and CNePPD groups
than in the CNePSCI group, especially for
CNePPD, where all patients were elderly
(C 65 years). The CPSP and CNePPD groups had
lower mean CrCL than the CNePSCI group.
Patients with CNePPD had a shorter duration of
CNeP after primary disease onset than the other
two groups.

Safety (Primary Endpoint)

A total of 178 patients (84.8%) experienced a
TEAE and 110 (52.4%) reported significant
TEAEs (Table 2). The incidence of TEAEs was
numerically lowest in the CNePSCI group, with
86 (81.1%), 82 (87.2%), and 10 (100.0%)
patients reporting any TEAE and 47 (44.3%), 56
(59.6%), and 7 (70.0%) patients reporting sig-
nificant TEAEs in the CNePSCI, CPSP, and

CNePPD groups, respectively. Serious TEAEs
were infrequent and reported in 28 (13.3%)
patients overall. A total of 24 (11.4%) patients
experienced a TEAE that led to treatment dis-
continuation. ADRs were reported in 84 (40.0%)
patients overall, and significant ADRs were
reported in 72 (34.3%) patients. The most
common ADRs overall were: somnolence 32
patients (15.2%), peripheral edema 19 patients
(9.0%), dizziness 15 patients (7.1%), weight
gain 11 patients (5.2%), and edema 8 patients
(3.8%). The incidence of ADRs was also lowest
in the CNePSCI group (26 patients, 24.5%).

TEAEs occurring in C 5% of patients overall
(N = 210) are described in Table 3. The most
common TEAEs included somnolence (35
patients, 16.7%), peripheral edema (26 patients,
12.4%), edema (24 patients, 11.4%),
nasopharyngitis (23 patients, 11.0%), and
dizziness (16 patients, 7.6%). Of TEAEs occur-
ring in C 5% of patients overall, the majority of
TEAEs were mild and no severe TEAEs were
reported. No notable abnormal findings were
reported in clinical laboratory tests, vital signs,
12-lead electrocardiography, the C-SSRS, or the
Hospital Anxiety and Depression Scale.

Fig. 2 Patient disposition. Numbers in parentheses are
percentages with each respective patient group as the
denominator. CNePSCI central neuropathic pain from

spinal cord injury, CNePPD central neuropathic pain from
Parkinson’s disease, CPSP central post-stroke pain
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Efficacy

The time-course of the SF-MPQ VAS scores
throughout the study according to patient
group is shown in Fig. 3. The mean ± SD base-
line and week 52 (LOCF) VAS scores for patients
with CNePSCI were 52.3 ± 20.78 mm and
50.0 ± 23.92 mm, respectively (mean change
from baseline, -2.3 ± 21.13 mm). In the CPSP
group, the VAS decreased at 2 weeks of treat-
ment and gradually continued to decrease
throughout the treatment period. The mean ±

SD baseline and week 52 (LOCF) VAS scores for
patients with CPSP were 71.0 ± 15.05 mm and
54.0 ± 27.50 mm, respectively (mean change
from baseline, -17.0 ± 24.99 mm). The

mean ± SD baseline and week 52 (LOCF) VAS
scores for patients with CNePPD were
67.5 ± 18.19 mm and 50.4 ± 32.14 mm,
respectively. The VAS also decreased from week
2 in this group, followed by a rapid decrease
between weeks 12 and 16, and subsequent
increase thereafter; however, the mean change
from baseline at the end of the study
was -17.1 ± 35.32 mm (LOCF).

The results of the other SF-MPQ subscales
(sensory score, affective score, total score, and
present pain intensity) according to patient
group are shown in Table 4.

Table 1 Baseline patient demographics and characteristics

CNePSCI CPSP CNePPD Total
n = 106 n = 94 n = 10 N = 210

Age (years) 59.7 ± 13.81 65.3 ± 11.07 73.6 ± 4.58 62.9 ± 12.82

Age group (years)

18 to\ 65 61 (57.5) 40 (42.6) 0 (0.0) 101 (48.1)

65 to\ 75 31 (29.2) 35 (37.2) 5 (50.0) 71 (33.8)

C 75 14 (13.2) 19 (20.2) 5 (50.0) 38 (18.1)

Sex (male) 94 (88.7) 66 (70.2) 3 (30.0) 163 (77.6)

Country

Japan 96 (90.6) 94 (100.0) 10 (100.0) 200 (95.2)

Korea 4 (3.8) 0 (0.0) 0 (0.0) 4 (1.9)

Taiwan 6 (5.7) 0 (0.0) 0 (0.0) 6 (2.9)

Body weight (kg) 66.61 ± 12.302 64.11 ± 13.391 53.43 ± 9.345 64.87 ± 12.948

Creatinine clearance (mL/min) 110.2 ± 51.10 72.7 ± 26.00 73.5 ± 17.92 91.7 ± 44.47

Visual analog scale (mm)a 52.3 ± 20.78 71.0 ± 15.05 67.5 ± 18.19 61.4 ± 20.42

Duration of primary disease (months) 92.8 ± 117.75 84.6 ± 70.13 91.5 ± 30.53 –

Duration of CNeP after primary disease onset

(months)

79.6 ± 86.77 76.0 ± 64.65 38.9 ± 31.89 –

Data are mean ± standard deviation or n (%)
CNePSCI central neuropathic pain from spinal cord injury, CNePPD central neuropathic pain from Parkinson’s disease,
CPSP central post-stroke pain
aPain score according to the short-form McGill Pain Questionnaire

Pain Ther (2023) 12:963–978 969



DISCUSSION

This long-term study was conducted as an open-
label extension of the previous 14-week ran-
domized double-blind placebo-controlled trial
of mirogabalin [18]. In the present study,
patients with CNePSCI from the 14-week study
could continue to the long-term treatment
period, whereas patients with CPSP and
CNePPD were newly recruited. Our objectives
were to confirm the safety and efficacy of
mirogabalin for up to 52 weeks of administra-
tion in patients with CNePSCI, CPSP, or
CNePPD.

Treatment of CNeP is challenging, and the
therapies currently available do not always
provide adequate analgesia or allow for long-
term use because of ADRs. Our results indicated
that flexible dosing (10 or 15 mg BID) of
mirogabalin in patients with CNeP has accept-
able tolerability for at least 52 weeks of admin-
istration, demonstrating the clinical

significance for clinicians, patients, and
researchers alike. Frequently occurring TEAEs
included somnolence, peripheral edema,
edema, and dizziness, which are expected side
effects of mirogabalin. Nasopharyngitis was an
expected TEAE based on the previous 14-week
randomized double-blind placebo-controlled
treatment period of mirogabalin [18], and the
severity of most TEAEs was mild. The discon-
tinuation rates due to TEAEs related to somno-
lence or dizziness were very low.

The results of the SF-MPQ indicated that
flexible dosing of mirogabalin (10 or 15 mg BID)
maintained effective pain relief throughout
52 weeks of treatment. It should be noted that
patients in the CNePSCI group were recruited
directly from the 14-week trial [18], and thus
the baseline VAS score in this group was already
low at the beginning of the open-label exten-
sion; therefore, this explains the relatively low
decrease from baseline in this group. Impor-
tantly, the decreases in VAS scores observed in

Table 2 Summary of the incidence of TEAEs and ADRs by seriousness, severity, and significance

CNePSCI CPSP CNePPD Total
n = 106 n = 94 n = 10 N = 210

Any TEAE 86 (81.1) 82 (87.2) 10 (100.0) 178 (84.8)

Any ADR 26 (24.5) 51 (54.3) 7 (70.0) 84 (40.0)

Serious TEAE 15 (14.2) 10 (10.6) 3 (30.0) 28 (13.3)

Serious ADR 1 (0.9) 0 (0.0) 1 (10.0) 2 (1.0)

Severe TEAE 7 (6.6) 6 (6.4) 0 (0.0) 13 (6.2)

Severe ADR 1 (0.9) 0 (0.0) 0 (0.0) 1 (0.5)

Significant TEAE 47 (44.3) 56 (59.6) 7 (70.0) 110 (52.4)

Significant ADR 20 (18.9) 47 (50.0) 5 (50.0) 72 (34.3)

TEAE leading to treatment discontinuation 7 (6.6) 13 (13.8) 4 (40.0) 24 (11.4)

ADR leading to treatment discontinuation 2 (1.9) 9 (9.6) 3 (30.0) 14 (6.7)

Data are n (%), with each respective patient group as the denominator. Events are coded according to the Medical
Dictionary for Regulatory Activities (MedDRA), version 23.0. Significant events are defined as any event related to dizziness,
somnolence, loss of consciousness, edema, weight gain, cardiovascular system, cardiac failure, visual disorder, glucose
intolerance, drug abuse, or drug withdrawal.
ADR adverse drug reaction, CNePSCI central neuropathic pain from spinal cord injury, CNePPD central neuropathic pain
from Parkinson’s disease, CPSP central post-stroke pain, TEAE treatment-emergent adverse event
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this group from the double-blind treatment
period were maintained throughout the present
study, and reductions in VAS scores were
observed in all patient groups by the end of the
treatment period.

The safety profile in the present study was
comparable with that of the 14-week double-
blind treatment period, as well as other long-
term trials of mirogabalin for other indications
[e.g., diabetic peripheral neuropathic pain
(DPNP), fibromyalgia, and post-herpetic neu-
ralgia (PHN)] [18, 23–25]. The incidence of
somnolence in the present study was 6.6% in
patients with CNePSCI and 26.6% in patients
with CPSP, versus 29.8% in the 14-week double-
blind treatment period [18], 9.3% for DPNP
[23], 15.2% for PHN [25], and 11.1% for
fibromyalgia [24]. The relatively low incidence
of somnolence for patients with CNePSCI in the
present study may be explained by the fact that
this AE tends to occur relatively soon after
administration of mirogabalin, and because
approximately half of the patients with
CNePSCI in this study had previously received

mirogabalin during the 14-week double-blind
treatment period, they may have been less likely
to experience somnolence during the long-term
extension.

In the above-mentioned previous studies,
the incidence of dizziness, weight gain, consti-
pation, and peripheral edema ranged from 4.7%
to 13.5%, 6.6% to 13.9%, 4.6% to 6.6%, and
4.6% to 18.1%, respectively [18, 23–25]. When
assessing the causality of the nasopharyngitis,
urinary tract infection, diabetes mellitus, and
back pain events, only two cases of diabetes
mellitus (1.0%) were judged to be ADRs. These
were not reported in previous studies as TEAEs
and ADRs specific to gabapentinoids, including
mirogabalin [12, 13, 18, 23, 25]. Therefore,
these events are not considered common ADRs
for gabapentinoids, and no new safety concerns
have been raised in this study. Regarding the
subgroup of patients with CNePPD, it is difficult
to make meaningful comparisons of TEAE rates
because of the small number of patients in this
group; however, no unexpected TEAEs occurred
in patients with CNePPD.

Fig. 3 Time course of SF-MPQ VAS scores by patient
group (post hoc analysis). Data are mean ± standard
deviation. CNePSCI central neuropathic pain from spinal
cord injury, CNePPD central neuropathic pain from

Parkinson’s disease, CPSP central post-stroke pain, LOCF
last observation carried forward, SF-MPQ short-form
McGill Pain Questionnaire, VAS visual analog scale

972 Pain Ther (2023) 12:963–978



Table 4 Short-form McGill Pain Questionnaire subscale scores and change from baseline (post hoc analysis)

Parameter Statistic CNePSCI CPSP CNePPD

Sensory score

Baseline n 106 94 10

Mean ± SD 7.4 ± 5.50 10.5 ± 6.68 11.5 ± 6.57

Week 52 n 87 79 4

Mean ± SD 8.1 ± 7.06 6.2 ± 6.75 4.0 ± 4.24

Change from baseline at week 52 n 87 79 4

Mean ± SD 0.6 ± 4.85 -4.0 ± 5.96 -9.3 ± 10.24

Week 52 (LOCF)a n 106 94 10

Mean ± SD 8.0 ± 6.64 6.9 ± 7.17 6.5 ± 5.17

Change from baseline at week 52a n 106 94 10

Mean ± SD 0.7 ± 4.59 -3.6 ± 6.18 -5.0 ± 7.44

Affective score

Baseline n 106 94 10

Mean ± SD 1.5 ± 1.83 3.4 ± 2.95 4.7 ± 4.19

Week 52 n 87 79 4

Mean ± SD 1.5 ± 2.07 1.7 ± 2.63 1.3 ± 2.50

Change from baseline at week 52 n 87 79 4

Mean ± SD 0.0 ± 1.27 -1.3 ± 2.87 -4.5 ± 4.12

Week 52 (LOCF)a n 106 94 10

Mean ± SD 1.5 ± 2.04 2.0 ± 2.69 2.5 ± 2.99

Change from baseline at week 52a n 106 94 10

Mean ± SD 0.0 ± 1.51 -1.5 ± 2.73 -2.2 ± 3.26

Total score

Baseline n 106 94 10

Mean ± SD 8.9 ± 6.88 13.9 ± 9.15 16.2 ± 10.03

Week 52 n 87 79 4

Mean ± SD 9.6 ± 8.77 7.9 ± 9.06 5.3 ± 6.65

Change from baseline at week 52 n 87 79 4

Mean ± SD 0.6 ± 5.69 -5.2 ± 8.33 -13.8 ± 14.06

Week 52 (LOCF)a n 106 94 10

Mean ± SD 9.6 ± 8.27 8.9 ± 9.52 9.0 ± 7.42

Change from baseline at week 52a n 106 94 10

Mean ± SD 0.7 ± 5.56 -5.1 ± 8.39 -7.2 ± 10.45
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A long-term study of pregabalin (another
gabapentinoid) included 103 patients with
CNeP (CPSP n = 60, CNePSCI n = 38, and mul-
tiple sclerosis n = 5) [12]. The incidences of
somnolence, weight gain, dizziness, and
peripheral edema were all numerically lower in
the present study than those of the pregabalin
study (16.7%, 7.1%, 7.6%, and 12.4% in the
present study, and 48.5%, 28.2%, 22.3%, and
17.5% in the pregabalin study, respectively).
Furthermore, the rates of treatment discontin-
uation due to TEAEs and ADRs were also
numerically lower in the present study than the
pregabalin study (due to TEAEs, 11.4% and
15.5%, due to ADRs, 6.7% and 12.6%) [12]. This
might be explained by differences in the disso-
ciation rates of each drug from different sub-
types of the a2d subunit of voltage-gated
calcium channels. Preclinical research indicated
that pregabalin had similar profiles of dissocia-
tion from the a2d-1 and a2d-2 subtypes, whereas
mirogabalin had a slower dissociation rate for
the a2d-1 subtype compared with a2d-2 [26].
Binding of the a2d-1 subtype is thought to elicit

the analgesic effects associated with gabapenti-
noids, whereas binding of the a2d-2 subtype is
suspected to cause central nervous system-re-
lated side effects [17, 26, 27].

Regarding efficacy, results similar to the
previous 14-week treatment period [18] were
observed in the present long-term treatment
period with respect to improvements from
baseline in SF-MPQ VAS scores: CPSP
(-17.0 ± 24.99 mm) and CNePPD
(-17.1 ± 35.32 mm) groups in the present
study, versus -14.2 ± 19.09 mm in the 14-week
treatment period. Importantly, improvements
in SF-MPQ VAS scores in the CNePSCI group
were maintained to the end of the long-term
open-label treatment period. Furthermore, the
improvements in SF-MPQ VAS scores in the
present study were numerically greater than
those reported for mirogabalin in trials includ-
ing patients with DPNP (-9.8 ± 14.06 mm) [23]
and PHN (-12.4 ± 16.13 mm) [25]. Finally, a
long-term study of pregabalin reported similar
efficacy, with a mean ± SD change from

Table 4 continued

Parameter Statistic CNePSCI CPSP CNePPD

Present pain intensity

Baseline n 106 94 10

Mean ± SD 2.1 ± 1.09 2.8 ± 1.07 2.8 ± 1.40

Week 52 n 87 79 4

Mean ± SD 1.9 ± 0.92 1.9 ± 1.25 1.8 ± 1.50

Change from baseline at week 52 n 87 79 4

Mean ± SD -0.1 ± 0.73 -0.9 ± 1.06 -1.3 ± 1.89

Week 52 (LOCF)a n 106 94 10

Mean ± SD 2.0 ± 1.00 2.0 ± 1.26 2.1 ± 1.10

Change from baseline at week 52a n 106 94 10

Mean ± SD -0.1 ± 0.78 -0.8 ± 1.16 -0.7 ± 1.42

CNePSCI central neuropathic pain from spinal cord injury, CNePPD central neuropathic pain from Parkinson’s disease,
CPSP central post-stroke pain, LOCF last observation carried forward, SD standard deviation
aMissing values were imputed using the LOCF approach, and the data were analyzed on the basis of an analysis of covariance
model with treatment as a fixed effect and baseline value as a covariate
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baseline of -20.1 ± 25.2 mm in the SF-MPQ
VAS [12].

To our knowledge, the efficacy and safety of
gabapentinoids for pain in patients with PD
have not been sufficiently evaluated; we are
aware of only a single case report to date [15].
Our results therefore provide much needed
preliminary data on the potential of miroga-
balin for the safe and effective treatment of
CNePPD, for which other drugs (e.g., dopamine
agonists, antidepressants, non-steroidal anti-
inflammatory drugs, and opioids) have known
issues of unwanted side effects, or insufficient
efficacy in treating this type of pain [28].
Although we were only able to recruit a small
number of patients with CNePPD, our results
show that mirogabalin may be a promising
treatment option in such patients, and its use
for treating CNePPD should be investigated
further.

Regarding other subscale items of the SF-
MPQ, patients with SCI who received miroga-
balin in the double-blind treatment period of
the present trial [18] exhibited significant
improvements in all non-VAS items of the SF-
MPQ versus those who received placebo. These
improvements were generally consistent with
those of a similar long-term study of pregabalin
[12]; moreover, the lack of significant change in
each item of the SF-MPQ for CNePSCI patients
during the present long-term treatment period
indicates that the improvements elicited by
mirogabalin were sustained after long-term
administration.

Similarly, CPSP patients in the present study
had improvements from baseline in the SF-MPQ
total score, consistent with the previous similar
long-term study of pregabalin: mean ± SD
change from baseline at 52 weeks for miroga-
balin -5.2 ± 8.33, and for pregabalin
-5.7 ± 8.6 [12]. Furthermore, patients with
CNePPD had numerical improvements in all
items of the SF-MPQ, similar to the previous
pregabalin study.

Interestingly, patients with CPSP and
CNePPD in the present study appeared to show
numerically better improvements in SF-MPQ
subscale items than previous studies of
mirogabalin for other indications (but with the
same study duration). We speculate that this

may be partly because of the higher baseline
values for patients in the present study vs those
of the DPNP [23] and PHN [25] studies,
although further research is necessary to con-
firm the reason for such a discrepancy.

Our study was limited by the relatively small
sample size, especially for patients with
CNePPD, and the open-label design, which did
not include a control group. Furthermore, we
did not include patients with CNeP of etiologies
other than CNePSCI, CPSP, or CNePPD, and
only patients of Asian ethnicity were included.
Patients with CrCL\ 30 mL/min were exclu-
ded, so the safety and efficacy of mirogabalin
remain to be confirmed in patients with severe
renal impairment. Finally, we did not collect
follow-up data after the trial was completed,
and to our knowledge, there are no follow-up
data reported in the literature regarding patient
prognoses after discontinuation of mirogabalin.
These limitations could be suitably explored in
future studies.

CONCLUSION

The present study demonstrated that long-term
administration of mirogabalin in Asian patients
with CNeP was generally safe and effective,
suggesting that mirogabalin may be a promising
treatment alternative for CNeP.
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