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ABSTRACT

Introduction: Mirogabalin, which is a selective
ligand of the a,8 subunit of voltage-gated Ca**
channels, was recently approved in Japan for
peripheral neuropathic pain. The o6 ligands,
including mirogabalin and pregabalin, are
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associated with significant risk of adverse events
(AEs) such as somnolence or dizziness, leading
to poor compliance and subsequent inefficacy.
Safety and efficacy data for switching patients
from pregabalin to mirogabalin are scarce.

Methods: This prospective, single-arm, open-
label study involving ten participating centers
in Japan recruited patients aged > 20 years with
peripheral neuropathic pain [visual analog scale
(VAS) score > 40 mm]. Where necessary,
patients underwent a 1-week tapering period to
reduce their pregabalin dose, after which
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pregabalin was stopped and mirogabalin dose
was increased using a step-wise dose titration.
Patients underwent dose increases after the first
and second weeks if there were no tolerability
issues, followed by the effective doses until the
end of the study (4 weeks). The primary end-
point was the incidence of somnolence, dizzi-
ness, and peripheral edema; secondary
endpoints included changes in VAS score. AEs
were monitored for safety.

Results: Of 157 patients who provided
informed consent, 152 patients were enrolled;
136 (89.5%) patients completed the study. The
overall incidences of somnolence, dizziness,
and peripheral edema were 41.4, 15.8, and
2.6%, respectively. Most patients (> 70%)
experienced mild AEs, and one patient experi-
enced a severe AE (dizziness). Most patients
(> 70%) were able to achieve dose titration to
an effective dose. Overall mean VAS score sig-
nificantly decreased (A15.7 mm, p < 0.0001) by
the end of the study.

Conclusions: Mirogabalin switching from pre-
gabalin is well tolerated and effective in pain
management for peripheral neuropathic pain
using a step-wise titration.

Trial Registration: Japan Registry of Clinical
Trials GRCTs031190113).

Keywords: Mirogabalin; Peripheral neuropathic
pain; Pregabalin; Switching; o0 ligands

Key Summary Points

Why carry out this study?

Mirogabalin, a potent selective ligand of
the a,8 subunit of voltage-gated Ca®"
channels, has been approved in Japan for
the treatment of peripheral neuropathic
pain.

Patients with peripheral neuropathic pain
treated with a6 ligand such as pregabalin
and mirogabalin may experience side
effects including somnolence and
dizziness, leading to poor compliance and
subsequent inefficacy.

We conducted this single-arm, open-label
study to assess the safety and efficacy of
switching from pregabalin to mirogabalin
in patients with peripheral neuropathic
pain under conditions similar to clinical
practice.

What was learned from the study?

Switching from pregabalin at or below the
initial dose to mirogabalin was generally

well tolerated and the pain intensity was

decreased.

Most (> 70%) patients were able to
increase to an effective dose of
mirogabalin by a step-wise dose titration.

Switching from pregabalin to mirogabalin
may be an available option although
patients should be monitored carefully for
somnolence and dizziness.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14179217.

INTRODUCTION

According to the International Association for
the Study of Pain, neuropathic pain is defined as
“pain caused by a lesion or disease of the
somatosensory nervous system” [1]. Neuro-
pathic pain is caused by various pathological
conditions such as diabetes, viral infection, and
spinal canal stenosis and leads to multiple
symptoms, including spontaneous neurological
pain, allodynia, and hyperalgesia. The severity
and duration of symptoms vary depending on
the etiology [2, 3], and treatment is challenging
[4]. Patients with neuropathic pain show higher
ratings for pain intensity with more comor-
bidities, such as depression, panic/anxiety
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disorder, and sleep disorders than those with
nociceptive pain, which can negatively impact
their quality of life [5].

Mirogabalin, a selective oral o6 ligand, was
first approved for peripheral neuropathic pain
in 2019 in Japan [6]. Mirogabalin was shown to
be effective and well tolerated in the manage-
ment of postherpetic neuralgia [7] and diabetic
peripheral neuropathic pain in Asian patients
[8].

In vitro studies of its pharmacologic action
have shown that mirogabalin has a higher
binding affinity than pregabalin for the human
and rat 0,0 subunits, an element of voltage-
gated Ca”" channels and the target through
which these drugs elicit their analgesic effect
[9]. In vivo models, such as rats with partial
sciatic nerve ligation and streptozotocin-in-
duced diabetes, support this mechanism, as the
analgesic effects of mirogabalin were stronger
and lasted longer in these rats [9]. In a dissoci-
ation rate analysis, the dissociation half-lives of
mirogabalin from the 0,6-1 and 0,6-2 subunits
were 11.1 h and 2.4 h, respectively, compared
with 1.4 h for pregabalin at both subunits [9].

Both mirogabalin and pregabalin carry sig-
nificant risk of adverse events (AEs) such as
somnolence, dizziness, peripheral edema, and
weight gain, which are listed as the most com-
mon treatment-emergent AEs [7, 8, 10, 11].
These AEs can significantly lower compliance,
sometimes leading to discontinuation before a
therapeutic effect can be achieved. In patients
in whom insufficient efficacy is observed with
pregabalin, switching to other agents has been
studied, and a reduction in AEs and an
improvement in pain relief have been reported
[12]. Thus, when considering a switch from
pregabalin to mirogabalin, safety is an impor-
tant consideration; however, there are insuffi-
cient safety data available in this setting.

In previous clinical trials investigating
mirogabalin, patients who were previously tak-
ing pregabalin underwent a washout period;
however, the safety of directly switching from
pregabalin to mirogabalin was not examined
[7, 8]. Furthermore, in a retrospective analysis
that examined the switch from pregabalin to
mirogabalin, information on the washout per-
iod was not reported [13].

For patients and prescribing physicians, it is
important to understand the safety of switching
from pregabalin to mirogabalin under condi-
tions close to actual clinical practice. Therefore,
this clinical study was designed as an explora-
tory evaluation of the safety (focusing on som-
nolence, dizziness, and peripheral edema) and
efficacy of mirogabalin when switching from
pregabalin to mirogabalin in patients with
peripheral neuropathic pain whose pain was
moderate or greater (according to the visual
analog scale [VAS]), and who had been receiving
pregabalin for at least 4 weeks.

METHODS

Trial Design

This was a multi-center, prospective, single-arm,
open-label study, which took place in 10 centers
in Japan between 1 October 2019 and 30 April
2020 (details are listed in the electronic sup-
plementary material). The study received
approval from the Clinical Research Review
Committee, Itabashi Hospital, Nihon University
School of Medicine (CRB No. CRB3180013),
which notified all participating centers of the
approval. The trial was conducted in accordance
with the ethical principles, clinical 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 wunder the identifier
jRCTs031190113.

After obtaining informed consent, where
necessary the dose of pregabalin was gradually
reduced over 1 week according to the package
insert [11], to reduce the risk of withdrawal
symptoms. Patients with creatinine clearance
(CrCL) > 60 ml/min reduced their daily prega-
balin dose to < 150 mg, and patients with CrCL
30 to < 60 ml/min to < 75 mg; the schedule of
dose reduction was at the discretion of the
attending physician. At enrollment, pregabalin
was stopped completely and administration of
mirogabalin was initiated. Mirogabalin was
titrated according to renal function (Fig. 1). For
patients with CrCL > 60 ml/min, mirogabalin
was administered as follows: 5 mg twice daily
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Mirogabalin treatment period (4 weeks)

Titration period (2 weeks)

CrCL ' :<

>I<Dose-adjustment period (2 weeks)>I
1 1
1

260 mL/min 5 mg BID 10 mg BID 15 mg BID or 10 mg BID
. | i
30-<60 mL/min 2.5 mg BID 5 mg BID 7.5 mg BID or 5 mg BID
1 1 1 1
Informed consent Enrollment Day 8 Time of visit End of study
(Switch to mirogabalin during study Day 29
from pregabalin) Day 152

Day 1

Fig. 1 Study design. * £ 7 days; i.c., dose-adjustment period could begin anywhere between days 9 and 22. by 7 days; ie.,

end of study occurred anywhere between days 22 and 36. BID twice daily, C+CL creatinine clearance

(BID) for 1week, 10 mg BID for 1 week, and
15mg BID or 10mg BID for 2 weeks. For
patients with CrCL 30 to < 60 ml/min,
mirogabalin was administered as 2.5 mg BID
(1 week), 5 mg BID (1 week), and 7.5 mg BID or
5 mg BID (2 weeks). From the time of informed
consent to the end of the study (or discontin-
uation), changes to, or additions of, new pain
drugs/therapies were avoided as much as
possible.

Patients

The investigators explained the participation
in this clinical study to patients who were
considered suitable subjects. When the patient
consented to participate, the investigator
reduced the amount of pregabalin as required,
and then performed a screening test. Demo-
graphics, medical history, confirmation of
drugs used for 28 days prior to enrollment,
vital signs, CrCL, and VAS pain intensity were
recorded on a standard 100-mm scale by the
sub-investigator during screening. Throughout
the study, pain intensity, symptoms, AEs, and
use of any other drugs were recorded by the
physician at each visit, and at the time of
study discontinuation. The eligibility criteria
were confirmed based on the results of the
screening test, and patients who met the eli-
gibility criteria were enrolled as study
participants.

The inclusion and exclusion criteria were as
follows. Patients with a diagnosis of peripheral
neuropathic pain according to the judgment of
a physician with specialized training in pain
management, who had been taking pregabalin
for > 28 days, had a VAS score [14] of > 40 mm
at the time of informed consent and at enroll-
ment, and were aged > 20 years at the time of
informed consent were eligible for this study.
Although the diagnostic method for peripheral
neuropathic pain was not specified in this
study, in Japanese clinical practice, the guideli-
nes published by the Japan Society of Pain
Clinicians are typically used [15]. Specifically,
the guidelines contain a neuropathic pain
diagnostic algorithm, which is the grading sys-
tem created by the International Association for
the Study of Pain [16]. Patients who agreed to
participate in the study were required to be able
to understand the procedures of the study and
answer questions appropriately. Patients were
excluded if they had a history of hypersensi-
tivity to the components of pregabalin or
mirogabalin; had concomitant serious liver,
kidney, or heart disease; had CrCL < 30 ml/min
by the Cockcroft-Gault equation; were preg-
nant or breastfeeding; or were deemed by the
treating physician or study investigator as
unsuitable for study participation. The use of
new concomitant drugs or therapies for the
management of pain was not allowed from the
time of obtaining informed consent to the end
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of the study. All patients provided written
informed consent.

Endpoints

The primary endpoints were the incidences of
somnolence, dizziness, and peripheral edema
from enrollment to the end of the study (safety
analysis set). These AEs were recorded through
an active listening process during physician-
conducted interviews with the patients. Patients
were first asked whether they had any concerns
about side effects in general, and were then
asked specifically whether they had experienced
somnolence, dizziness, or peripheral edema.
Patients were then asked whether there were
any other side effects that they were worried
about. The secondary endpoints were changes
in pain intensity (VAS score) from enrollment
(day 1) to the end of the study (day 29) and at
the second visit (mid-study, day 15). VAS scores
were obtained from patients’ subjective reports
of pain intensity, with “no pain” given a score
of zero and “worst pain imaginable” given a
score of 100. AEs, including the date of onset/
outcome, seriousness, severity, outcome,
causality to the study drug, causality to the
clinical study, and treatment were recorded by
the physician or sub-investigator in case report
forms at each visit. AEs were coded according to
the Japanese Medical Dictionary for Regulatory
Activities (MedDRA/J), version 23.0.

Additional endpoints included the cumula-
tive incidences of somnolence, dizziness, and
peripheral edema assessed at days 1, 8§, 15, and
29. The confirmation of symptoms (somno-
lence, dizziness, and peripheral edema), dosing
status of the study drug, and confirmation of
concomitant drugs/therapies were assessed at
day 1, day 15 (visit window, day 9 to day 22),
day 29 (visit window, day 23 to day 36), and at
the time of discontinuation.

Statistical Analysis

The 4-week incidences of somnolence, dizzi-
ness, and peripheral edema in each active
treatment group during the double-blind phase
of a phase 3 study of mirogabalin in

postherpetic neuralgia patients were 10.6-22.6,
4.0-12.3, and 0.7-3.9%, respectively [7].
Assuming a 10% incidence of AEs in this clinical
study for mirogabalin or pregabalin, a sample
size of 140 patients was estimated to be neces-
sary to achieve a 95% confidence interval of +
5% accuracy. Considering dropouts, the target
number of patients was set at 150.

The safety analysis set included all patients
who had received at least one dose of miroga-
balin. The efficacy analysis set included all
enrolled patients who received at least one dose
of mirogabalin, were compliant with the study
protocol, and for whom there were VAS mea-
surements available at both study enrollment
and post-dose.

For categorical variables, numbers and pro-
portions are presented, and for continuous
variables, summary statistics [number of
patients, mean value, standard deviation (SD),
minimum value, quartile, and maximum value]
were calculated.

The incidences of somnolence, dizziness,
and peripheral edema from the time of enroll-
ment to the end of the study and the 95%
confidence intervals were calculated by the
Clopper-Pearson method (safety analysis set).
For patients with data not available at day 29
(visit 3), data from their last visit (including the
time of discontinuation) were assessed at the
end of the study.

For the efficacy analysis set, summary statis-
tics were calculated for the VAS score at
informed consent and at days 1, 15, and 29. For
change in VAS score from time of enrollment,
summary statistics and 95% confidence inter-
vals were calculated, and p values were calcu-
lated using a paired f test.

In the safety analysis set, the cumulative
incidences of somnolence, dizziness, and
peripheral edema at days 1, 8, 15, and 29 were
estimated, together with 95% confidence inter-
vals, using the Kaplan-Meier method. AEs were
reported using descriptive statistics.

The primary and secondary endpoints were
analyzed according to the following subgroups:
VAS at time of enrollment (> 40 to < 60 mm/
> 60 mm); pregabalin tapering (Yes/No); daily
pregabalin dose (tertiles) at the time of
informed consent (< 25th percentile/25th to <
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50th percentile/50th to < 75th percentile/
> 75th percentile); concomitant medications
(Yes/No); primary target disease (diabetic
peripheral neuropathic pain/postherpetic neu-
ralgia/lumbar spinal stenosis/lumbar disc her-
niation/other peripheral neuropathy/noxious
pain); and completion of protocol treat-
ment according to renal function (CrCL) [com-
plete (> 60 ml/min)/incomplete (> 60 ml/min)/
complete (30- < 60 ml/min)/incomplete (30— <
60 ml/min)]. The significance level for hypothesis
testing was set at 5%, and the confidence inter-
vals for both sides was at 95%. The statistical
analysis was performed using SAS Version 9.4
(SAS Institute Inc., Cary, NC, USA).

RESULTS

Patients

Informed consent was obtained from 157
patients; of these, 152 patients met the eligi-
bility criteria, were enrolled in the study, and
were included in the safety analysis set (Fig. 2).
The efficacy analysis set consisted of 151
patients. One patient was excluded because no
VAS measurement was available after adminis-
tration of mirogabalin. A total of 136 patients

Informed consent

completed the study and 16 patients discon-
tinued the study. The most common reason for
discontinuation was AEs (10 patients).

Patient demographics and clinical charac-
teristics for the safety analysis set are shown in
Table 1. A similar proportion of male (52.0%)
and female (48.0%) patients were enrolled, with
a mean + SD age of 66.1 + 12.9 years and a
mean + SD VAS score of 67.4 £ 16.9 mm at
enrollment. Most patients (62.5%) had a VAS
score > 60 mm. Mean =+ SD CrCL at enrollment
was 82.5 £ 37.4 ml/min, and most patients
(75.0%) had a CrCL of > 60 ml/min. Pregabalin
tapering was performed in 38 patients (25.0%).
Mean + SD pregabalin daily dose in patients
overall was 122.7 + 75.1 mg/day at informed
consent, and 102.0 £+ 44.7 mg/day at
enrollment.

For the safety analysis set, concomitant non-
drug therapy was received by 70 patients
(46.1%), of whom 59 (38.8%) were receiving
nerve block therapy at the time of enrollment.
Overall, 133 patients (87.5%) were receiving
concomitant drug therapy, of whom 69 (45.4%)
received tramadol formulations and 21 (13.8%)
received duloxetine. Postherpetic neuralgia and
lumbar spinal stenosis accounted for more than
half of the patients with peripheral neuropathic
pain (55.3%); “other peripheral neuropathic
pain” accounted for approximately a third of

(N=157)

Enrolled

Excluded (n=5)
Withdrawal before enrollment?
* Did not meet the inclusion criteria or met the exclusion
criteria (n=3)
* Patient request (n=2)

(N=152)

Completed the study

Discontinued (n=16)
Reason for discontinuation®
* Adverse event occurred and investigator judged that study
continuation was not advisable (n=10)
* Patient request to discontinue study (n=2)
* Patient request to change or discontinue treatment (n=4)
* Patient no longer attended the clinic (n=2)

(N=136)

Fig. 2 Patient disposition. “Patients may have had multiple reasons for withdrawal
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Table 1 Bascline patient demographics and clinical char-

acteristics (safety analysis set)

Characteristics Patients
(N =152)
Age, years 66.1 % 12.9
Sex
Male 79 (52.0)
Female 73 (48.0)
Body weight, kg 625 & 13.0
Pain intensity (VAS score) at informed 66.7 £+ 16.7°
consent, mm
VAS score at enrollment, mm 674 £+ 16.9°
40- < 60 57 (37.5)
> 60 5 (62.5)
CrCL at enrollment®, ml/min 825 £ 374
> 60 114 (75.0)
30— < 60 8 (25.0)
Pregabalin daily dose at informed 122.7 £ 75.1
consent, mg/day
CrCL > 60 ml/min 1342 + 77.9
CrCL 30- < 60 ml/min 88.2 £ 535
Pregabalin daily dose at enrollment, 102.0 £+ 44.7
mg/day
CrCL > 60 ml/min 1147 + 44.0
CrCL 30- < 60 ml/min 63.8 £+ 16.1
Pregabalin tapering performed between
informed consent and enrollment
Yes 8 (25.0)
No 114 (75.0)
Primary target disease
Postherpetic neuralgia 43 (28.3)
Lumbar spinal stenosis 41 (27.0)
Lumbar disc herniation 1(7.2)
Diabetic peripheral neuropathic pain 1 (0.7)
Other peripheral neuropathic pain 56 (36.8)

Table 1 continued

Characteristics Patients(V
= 152)
Diseases other than peripheral 0 (0.0)
neuropathic pain
Unknown 0 (0.0)
Medical history 79 (52.0)
Complications 126 (82.9)
Operation history 17 (11.2)
Lumbar laminectomy 5 (3.3)
Lumbar interbody fusion 4 (2.6)
Lumbar lateral interbody fusion 0 (0.0)
Other 2(7.9)
Concomitant drug used between 133 (87.5)
informed consent and enrollment®
Tramadol formulation 69 (45.4)
Acetaminophen 26 (17.1)
Ketoprofen 24 (15.8)
Duloxetine 21 (13.8)
Loxoprofen 19 (12.5)
Mecobalamin 16 (10 5)
Shakuyaku-kanzo-to® 6 (10.5)
Combination non-drug therapy used 70 (46.1)
between informed consent and
enrollment®
Nerve block 59 (38.8)
Exercise (
Low-level laser 7 (4.6)
Phototherapy (2.6)
Joint injection 3 (2.0)
Somnolence at enrollment 24 (15.8)/1

Mild/Moderate/Severe
Dizziness at enrollment

Mild/Moderate/Severe

(0.7)/0 (0.0)

9 (5.9)/0 (0.0)/0
(0.0)
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Table 1 continued

Patients(V
= 152)

Characteristics

10 (6.6)/0 (0.0)/
0 (0.0)

Peripheral edema at enrollment

Mild/Moderate/Severe

Values are shown as 7 (%) or mean & standard deviation
CrCL creatinine clearance; VAS visual analog scale

* N = 151 for the efficacy analysis set

b CrCL value at enrollment or within the past 6 months
from enrollment

¢ Used by > 10% of patients

4 Traditional Japanese herbal medicine

¢ Used by > 2% of patients

Table 2 Maximum daily dose of mirogabalin by renal
function at enrollment (safety analysis set)

Mirogabalin  CrCL = 60 ml/ CrCL 30 to
dose min < 60 ml/min
(N = 114) (N = 38)
25mgBID 0 (0.0) 7 (18.4)
5 mg BID 16 (14.0) 9 (23.7)
75mgBID 6 (53) 22 (57.9)
10mg BID 26 (22.8) 0 (0.0)
15mg BID 64 (56.1) 0 (0.0)
Other 2 (1.8) 0 (0.0)

Values are shown as 7 (%)
BID twice daily, CrCL creatinine clearance

patients (36.8%). Details of other peripheral
neuropathic pain are included in Table S1 in the
electronic supplementary material. At enroll-
ment, somnolence, dizziness, and peripheral
edema were all mild with the exception of one
case of somnolence (moderate), and these inci-
dences were 24 (15.8%), nine (5.9%), and ten
(6.6%) patients, respectively. For the safety
analysis set, the maximum daily dose of
mirogabalin according to renal function is
shown in Table 2. Patients who received 10 mg

BID and 15 mg BID (effective doses) as a maxi-
mum daily dose were 22.8% and 56.1% of the
patients with normal renal function and mild
renal impairment, respectively. In patients with
moderate renal impairment, patients who
received effective doses were 23.7% for 5 mg
BID and 57.9% for 7.5 mg BID.

Safety

The incidences of somnolence, dizziness, and
peripheral edema during the study period are
shown in Table 3, with overall incidences of
41.4, 15.8, and 2.6%, respectively. Most cases
were mild [somnolence, 48/63 (76.2%), dizzi-
ness 23/24 (95.8%); peripheral edema, 3/4
(75.0%)]. Overall, 15 cases of somnolence (15/
63, 23.8%) and one case of peripheral edema (1/
4, 25.0%) were moderate and there was one case
of severe dizziness (1/24, 4.2%).

The results of the subgroup analysis except
for peripheral edema are shown in Table S2 in
the electronic supplementary  material.
Although no test was performed for statistical
significance and the number of patients was

Table 3 Incidence of somnolence, dizziness, and periph-
eral edema (primary endpoint; safety analysis set)

N =152
Somnolence 63 (414)
Mild 48 (31.6)
Moderate 15 (9.9)
Severe 0 (0.0)
Dizziness 24 (15.8)
Mild 23 (15.1)
Moderate 0 (0.0)
Severe 1(07)
Peripheral edema 4 (2.6)
Mild 3 (2.0)
Moderate 1 (0.7)
Severe 0 (0.0)

Data are shown as 7 (%)
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biased, the incidences of somnolence were
higher for patients with presence of somnolence
at enrollment, for patients with concomitant
use of tramadol and duloxetine, for patients
without gradual pregabalin dose tapering, for
patients who did not complete the treatment
protocol (regardless of renal function), and for
women. No such tendency was observed for
dizziness.

The cumulative incidences of somnolence,
dizziness, and peripheral edema are shown in
Fig. 3. The cumulative incidence of somnolence
from the time of enrollment to the end of the
study showed that approximately half of the
somnolence events occurred by day 4, followed
by another rise after the dose increase at day 8§,
when the first dose increase of mirogabalin
occurred, and approximately half of the dizzi-
ness events occurred from days 1 to 15, when
the second dose increase of mirogabalin occur-
red. The mean £+ SD maximum daily doses of
mirogabalin in  patients overall were
9.09 £ 3.32mg, 14.50 £+ 6.18 mg, and
22.00 £ 8.12 mg, for days 1-7, days 8-14, and
days 15-29, respectively.

AEs and adverse drug reactions occurring
in > 2 patients are shown in Table 4. Overall, 90
patients (5§9.2%) experienced at least one AE

100 |
20 F
80 |
70 |
60 |
50 F
40
30

Cumulative incidence (%)

20
10

and 83 patients (54.6%) experienced at least one
adverse drug reaction. Twenty-one patients
(13.8%) discontinued treatment due to an AE,
of which 13 (8.6%) and 8 (5.3%) patients dis-
continued during and after the study period,
respectively. AEs leading to treatment discon-
tinuation occurring in two or more patients
were somnolence [13 patients (8.6%)], dizziness
[S patients (3.3%)], peripheral edema [2 patients
(1.3%)], and constipation [2 patients (1.3%)].
All AEs leading to treatment discontinuation
were considered to be related to mirogabalin.
Two serious AEs not leading to discontinuation
(lymphoma and cerebrovascular accident) were
reported and a causal relationship between
mirogabalin and the serious AEs was ruled out.
No deaths were reported during the study
period.

Protocol Treatment Completion Status

Regarding protocol treatment completion status
by renal function, in patients with
CrCL > 60 ml/min, the status was complete in
76 patients (50.0%) and incomplete in 38
patients (25.0%). In those with CrCL 30 to
< 60 ml/min, the status was complete in 26

= Somnolence
----- Dizziness
=== Peripheral edema

Number at risk

Somnolence 152 125 102
Dizziness 152 148 137
Peripheral edema 152 150 146

22 29 36

Treatment period (Day)

73
102
117

Fig. 3 Cumulative incidence of somnolence, dizziness, and peripheral edema (safety analysis set; N = 152)
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Table 4 Adverse events and adverse drug reactions
occurring in > 2 patients (safety analysis set)

N =152
Overall adverse events 90 (59.2)
Somnolence 63 (414)
Dizziness 24 (15.8)
Weight increased 5 (3.3)
Constipation 4 (2.6)
Peripheral edema 4 (2.6)
Nasopharyngitis 3 (2.0)
Headache 3 (2.0)
Fall 3 (2.0)
Decreased appetite 2 (1.3)
Loss of consciousness 2 (1.3)
Thirst 2 (1.3)
Overall adverse drug reactions 83 (54.6)
Somnolence 63 (41.4)
Dizziness 23 (15.1)
Weight increased 5 (3.3)
Constipation 4 (2.6)
Peripheral edema 4 (2.6)
Fall 3 (2.0)
Decreased appetite 2 (1.3)
Headache 2 (1.3)
Loss of consciousness 2 (1.3)
Thirst 2 (1.3)

Data are shown as 7 (%)
Coded using the Japanese Medical Dictionary for Regu-
latory Activities (MedDRA/J), version 23.0

patients (17.1%) and incomplete in 12 patients
(7.9%).
Efficacy

In the efficacy analysis set, the mean VAS score
decreased from day 1 (67.4 £ 16.9 mm) to day

100

904

o]
o
1

%%k %k
70
60+
50

40

Pain intensity (VAS score, mm)

30

20

10

0 T

At enrollment During study End of study

(Day 1) (Day 152) (Day 29)
N=151 N=148 N=134

Fig. 4 Pain intensity (VAS score) from study enrollment
to end of study (efficacy analysis set; V = 151). Data are
mean =+ standard deviation. * & 7 days; i.c., dose-adjust-
ment period could begin anywhere between days 9 and 22.
® + 7 days; i.c., end of study occurred anywhere between
days 22 and 36. **p < 0.001 vs. baseline using a paired
¢ test. VAS visual analog scale

15 (54.3 £ 22.8 mm) and day 29
(51.9 £+ 25.4 mm). Mean changes from day 1 to
day 15 and day 29 were — 13.2 £ 19.4mm
and — 15.7 +£24.1 mm, respectively (both
p < 0.0001, Fig. 4 and Table 5). When analyzed
by protocol treatment completion status (com-
plete or incomplete), a significant decrease in
VAS score was observed regardless of renal
function except for the subgroup of patients
with reduced renal function (CrCL 30 to
< 60 ml/min) who did not complete the study
protocol (Table 5).

Significant reductions in VAS scores were
observed at days 15 and 29, respectively, in
patients with postherpetic neuralgia (both
p < 0.0001), lumbar spinal stenosis (p = 0.0082
and p = 0.0164), and other peripheral neuro-
pathic pain (both p < 0.0001). Although a sig-
nificant decrease in VAS score at day 15 in
patients with lumbar disc herniation was
observed (p = 0.0055), this change was not
maintained at day 29 (p = 0.0983).
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Table 5 Changes in VAS scores according to VAS score at baseline (enrollment), treatment completion status, and renal

function (efficacy analysis set)

Enrollment During study End of study
(visit 1) (visit 2) (visit 3)
Total N 151 148 134
Mean £ SD 674 £ 169 543 + 22.8 51.9 + 254
Range 40-100 7-100 0-100
Median 68.0 (52.0,79.0) 56.0 (355,71.0) 520 (33.0, 71.0)
QL Q3)

Primary target disease

Diabetic peripheral neuropathic

pain

Postherpetic neuralgia

Lumbar spinal stenosis

Mean £ SD change from

baseline

p value

N

Mean £ SD

Range

Median

(Q1, Q3)

Mean £ SD change from

baseline
p value
n
Mean £ SD
Range
Median
QL Q3)
Mean £ SD change from

baseline
p value
n
Mean + SD
Range
Median
(Q1, Q3)

67.0

43

635 + 16.0
42-99

60.0 (48.0,77.0)

41

645 + 167
40-100

65.0 (51.0, 77.0)

— 132 + 194

< 0.0001

60.0

42

493 + 224
7-93

50.0 (31.0, 68.0)

— 139 £ 159

< 0.0001

40

529 £ 225
9-100

53.5 (35.0, 67.5)

— 15.7 £ 24.1

< 0.0001

35.0

38
45.6 + 25.1
5-86

45.5 (28.0, 67.0)

— 169 £ 184

< 0.0001

32

514 + 254
11-100

56.5 (30.5, 71.5)
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Table 5 continued

Enrollment During study End of study
(visit 1) (visit 2) (visit 3)

Mean £ SD change from - — 11.6 + 26.3 — 132 + 294

baseline
p value - 0.0082 0.0164
Lumbar disc herniation n 11 11 9

Mean + SD 70.4 + 19.3 54.8 £ 232 59.3 £ 272

Range 42-98 31-100 30-99

Median 69.0 (51.0,91.0) 48.0 (33.0, 75.0)  50.0 (34.0, 88.0)

QL Q3)

Other peripheral neuropathic

pain

Protocol completion status

Complete (CrCL: > 60 ml/

min)

Mean £ SD change from

baseline
p value

n

Mean + SD

Range

Median

QL Q3)

Mean £ SD change from

baseline

p value

Mean =+ SD
Range

Median

(Q1, Q3)

Mean = SD change from

baseline

p value

55

721 £ 165
40-100
74.0 (61.0, 84.0)

76

679 £ 17.8
40-100
68.0

(51.0, 82.5)

— 155 £ 14.6

0.0055
54

58.9 + 23.0
12-100
62.0 (38.0, 77.0)

— 135+ 172

< 0.0001

76

52.0 + 24.0
7-100

515

(33.0, 68.0)

— 158 + 183

< 0.0001

— 11.9 £ 19.1

0.0983
54

55.8 + 25.1
0-99
59.0 (36.0, 73.0)

— 16.6 £ 253

< 0.0001

76

497 + 264
0-100

50.0

(29.0, 68.0)

— 182 £ 25.1

< 0.0001
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Table 5 continued

Enrollment During study End of study
(visit 1) (visit 2) (visit 3)
Incomplete (CrCL > 60 ml/ n 37 35 26
min)
Mean 4+ SD 68.6 + 162 575 + 22.7 562 + 229
Range 42-100 9-100 11-96
Median 69.0 57.0 55.0
(Q1, Q3) (56.0, 77.0) (42.0, 72.0) (37.0, 73.0)
Mean £ SD change from - — 11.3 £ 20.6 — 132 +£ 203
baseline
p value - 0.0027 0.0028
Complete (CrCL: 30 to n 26 26 26
< 60 ml/min)
Mean £ SD 66.9 + 17.1 552 £+ 21.7 50.5 £ 26.1
Range 42-98 14-100 6-86
Median 65.0 57.5 59.0
(Q1, Q3) (50.0, 82.0) (40.0, 72.0) (28.0, 71.0)
Mean £ SD change from - — 117 £ 221 — 164 + 23.8
baseline
p value - 0.0122 0.0017
Incomplete (CrCL: 30 to n 12 11 6
< 60 ml/min)
Mean + SD 623 + 12.8 57.0 + 169 683 + 14.7
Range 46-80 29-80 44-83
Median 65.5 60.0 70.0
(Q1, Q3) (49.0, 74.5) (41.0, 70.0) (62.0, 81.0)
Mean £ SD change from - — 51+ 150 82 + 15.0
baseline
p value - 0.2859 0.2409

CrCL creatinine clearance, Q quartile, SD standard deviation, VA4S visual analog scale

DISCUSSION

This is the first multi-center, prospective study
to assess the safety and efficacy of switching

from pregabalin

to mirogabalin without

washout in patients with peripheral neuro-
pathic pain. The incidences of somnolence,
dizziness, and peripheral edema during the
4-week observation period were 41.4, 15.8, and

2.6%, of which > 70%

cases were mild in
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severity. The incidence of these AEs increased as
the mirogabalin dose increased during the
study. Discontinuation due to AEs was observed
in ten patients. Overall, we found no new major
safety concerns regarding the switch from pre-
gabalin to mirogabalin, which involved taper-
ing of the pregabalin dose (in accordance with
the package insert), ahead of a step-wise titra-
tion of the mirogabalin dose under clinical
practice conditions. Most patients (> 70%) were
able to continue study treatment, escalating to
an effective dose of mirogabalin (10 or 15 mg
BID for patients with normal renal function and
mild renal impairment, or 5 or 7.5 mg BID for
patients with moderately impaired renal func-
tion). Pain appeared to be well managed during
the switch from pregabalin to mirogabalin, with
significant reductions in mean VAS pain scores
observed from baseline to the end of the study.
Unlike other studies [7, 8], there was no wash-
out period, so patients underwent a straight-
forward transition from pregabalin to
mirogabalin with no break in treatment.

Although more detailed examination is
required, our results suggest that it may be
necessary to monitor certain patients more
closely when switching from pregabalin to
mirogabalin in real-world clinical practice, to
reduce the risk of AEs. Such events were more
likely to occur at the start of the switch to
mirogabalin or at the beginning of the miroga-
balin dose increase. Thus, more careful moni-
toring is needed immediately after switching to
mirogabalin. In particular, careful monitoring
may be even more important in women, in
patients with pre-existing somnolence or dizzi-
ness, in patients switching from low-dose
maintenance pregabalin, or when patients are
prescribed certain concomitant medications
such as tramadol or duloxetine.

Mirogabalin is predominantly renally excre-
ted and undergoes minimal in vivo metabolism;
thus, the drug-drug interaction risk is consid-
ered low. In healthy individuals, concomitant
tramadol had little effect on the pharmacoki-
netics of mirogabalin, nor did it affect the
incidences of somnolence or dizziness [17]. In
clinical situations, the incidences of somno-
lence and dizziness have been shown to be
higher when pregabalin was wused in

combination with opioids such as tramadol
[18]. Further studies are needed regarding the
combined use of these drugs in clinical practice.

In two double-blind, placebo-controlled
phase 3 studies, somnolence occurred in
8.5-23.9% of patients across the 15-30 mg/day
mirogabalin dose range [7, 8]. In our study, the
incidence of somnolence (41.4%) was higher. In
contrast, the incidences of end-of-study dizzi-
ness (15.8%) and peripheral edema (2.6%) were
similar to those of previous studies, which
reported incidences of 4.9-15.5 and 1.3-8.5%,
respectively. It is not fully understood why the
rate of somnolence was higher in the present
study; however, one possibility is that it may be
due to the abovementioned concomitant use of
tramadol with mirogabalin, or the high baseline
rate of somnolence (16.4%). Furthermore, in
this study, patients were asked to report AEs at
each visit, which may have led to the collection
of more detailed event occurrence information,
increasing the reported incidence.

Mirogabalin was effective at reducing VAS
pain scores in patients with peripheral neuro-
pathic pain, with significant reductions in VAS
scores reported across all study visits in patients
with both moderate (40 to < 60 mm) and high
(> 60 mm) pain levels at study enrollment. The
change in VAS score exceeded 10 mm both after
2 weeks and after 4 weeks. These changes are
considered a minimal clinically important dif-
ference in accordance with the Initiative on
Methods, Measurement, and Pain Assessment in
Clinical Trials [19]. In our study, we identified
improvements in VAS scores at day 15. Previous
phase 3 studies of mirogabalin have shown
improvements in VAS scores as early as 1 week
after initiating treatment, although these stud-
ies did not involve switching pain medications
(7, 8].

No significant decrease in VAS score was
observed in patients with reduced renal func-
tion (CrCL 30 to < 60 ml/min) who did not
fully complete the treatment protocol. By the
end of the study, the mean maximum daily
dose of mirogabalin in these patients was
12.88 mg, which was lower than in the other
subgroups. Therefore, an improvement in VAS
score may not have been achieved because the
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effective dose of mirogabalin could not be
administered.

With regard to disease type, a significant
decrease in VAS score was observed in patients
with postherpetic neuralgia, lumbar spinal
stenosis, and other peripheral neuropathic pain.
This suggests that mirogabalin may also be an
effective therapeutic agent for peripheral neu-
ropathic pain other than diabetic peripheral
neuropathic pain and postherpetic neuralgia,
effects that have been verified in previous phase
three studies [7, 8]. To our knowledge, our study
is the first to suggest the effectiveness of
mirogabalin for peripheral neuropathic pain
other than diabetic peripheral neuropathic pain
and postherpetic neuralgia. Pregabalin has not
been reported to have an analgesic effect for
neuropathic pain in lumbar spinal stenosis or
herniated lumbar disc, but pain-relieving effects
for neuropathic pain related to radiculopathy
have been reported [20]. This supports the idea
that mirogabalin, which similarly acts as an a,3
ligand, may be effective for treating neuro-
pathic pain other than diabetic peripheral
neuropathic pain and postherpetic neuralgia.

Our results are generally aligned with previ-
ous studies. In a retrospective study by Tet-
sunaga et al. switching from pregabalin to
mirogabalin due to AEs or a lack of efficacy was
shown to be effective, with significant reduc-
tions in numeric rating scale scores reported
after 1 week of treatment with mirogabalin [13].
However, in contrast with our study, the inci-
dences of somnolence (26.7%), dizziness
(12.3%), and edema (5.9%) were lower in the
study by Tetsunaga et al. This difference may be
due to the mean maximum dose of mirogabalin
and the time from pregabalin discontinuation
to mirogabalin switch. The mean maximum
dose of mirogabalin was approximately three
times higher (20.9 vs. 6.4-6.6 mg/day) in our
study. In addition, our study did not include a
washout period between treatments, whereas
the previous study included a washout period of
at least 1 month. Moreover, the results from our
study, with its high average maximum dose,
suggest that the efficacy of mirogabalin may be
increased as the dose increases, because VAS
scores improved along with mirogabalin dose
increases. In contrast, the previous study did

not show dose-dependent efficacy of miroga-
balin, possibly due to the lower average doses
used.

The present study has some limitations. The
absence of masking in this open-label, single-
arm study may have introduced bias, and the
lack of a placebo control means that we are
unable to determine possible placebo effects of
switching to a new medication. This study was
restricted to 10 centers in Japan; thus, findings
may not be applicable to other countries. Our
study assessed the switch from pregabalin to
mirogabalin in patients with peripheral neuro-
pathic pain with VAS score > 40 mm. The
findings may not be applicable to other
patients, such as those with pain rat-
ings <40 mm with pregabalin. Finally, the
short study period (4 weeks) does not provide
any insights on the long-term safety and effi-
cacy of switching from pregabalin to miroga-
balin. Outcomes of AEs occurring after the end
of the observation period could not be followed
up in this study. Notably, weight gain is known
to be a common AE with respect to mirogabalin
[7, 8] but because this would be difficult to
detect in a study of only 4 weeks, this AE was
not included in the primary endpoint.

CONCLUSIONS

In patients with peripheral neuropathic pain,
switching from pregabalin to mirogabalin (fol-
lowing pregabalin dose tapering and a step-wise
titration of mirogabalin) was generally well
tolerated and effective in pain management. In
the clinical practice setting, most AEs were
mild, and few patients discontinued the study.
Most patients were able to undergo dose titra-
tion to an effective dose. Further studies are
required to determine the long-term efficacy
and tolerability of this switching protocol.
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