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ABSTRACT

Background and Objective: Neuropathic pain (NeP) is a common and debilitating consequence of several neurological condi-
tions. Gabapentinoids are used on a large scale for the treatment of both central and peripheral NeP. Mirogabalin, a novel gabap-
entinoid, has been proposed as a promising treatment for this condition; however, its efficacy and safety profile still need to be
determined in clinical practice. In this systematic review and meta-analysis, we assessed the efficacy on pain intensity reduction,
effects on sleep interference by pain, and safety of mirogabalin compared with placebo in patients affected by NeP.

Databases and Data Treatment: We searched PubMed, Cochrane Library, Embase, Web of Science, and ClinicalTrials.gov
databases for randomised controlled trials (RCTs) comparing mirogabalin with placebo in patients experiencing central or pe-
ripheral NeP. We computed mean differences (MD) and pooled risk ratios (RR) for continuous and binary outcomes, respectively,
with 95% confidence intervals (CI). Pain was measured on a 0 to 10 numerical rating scale.

Results: We included 6 RCTs involving 3048 patients. The mean age was 60.6years, and 64.7% were male. When compared with
placebo, patients treated with mirogabalin had a significant decrease in average daily pain (MD —0.60; 95% CI —0.75 to —0.45;
p<0.001) and in pain-related sleep interference scores (MD —0.66; 95% CI —0.81 to —0.51; p<0.001). The mirogabalin group
showed a higher rate of substantial pain relief (> 50%) compared with the placebo group (RR 1.27; 95% CI 1.10 to 1.46; p=0.001).
Nonetheless, treatment with mirogabalin increased the risk of weight gain, peripheral oedema, somnolence and dizziness.
Conclusion: In this meta-analysis of RCTs evaluating patients with central and peripheral NeP, mirogabalin significantly im-
proved pain and decreased sleep interference by pain, as compared with placebo; however, there was an increased risk of adverse
events.

Significance: This meta-analysis refines the current understanding of mirogabalin by demonstrating modest yet consistent
benefits in reducing pain and pain-related sleep interference across neuropathic pain syndromes. The results contribute to on-
going efforts to optimise neuropathic pain management and provide more robust evidence to support clinical decision-making
and guideline development.

Abbreviations: CI, confidence interval; MD, mean difference; MGB, mirogabalin; NeP, neuropathic pain; NNT, number needed to treat; PRISMA, Preferred
Reporting Items for Systematic Reviews and Meta-Analyses; PROSPERO, International Prospective Register of Systematic Reviews; RCT, randomised controlled trial;
RR, risk ratio; RoB2, risk of bias 2; SF-MPQ, Short-form McGill Pain Questionnaire; VGCC, voltage-gated calcium channels.
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1 | Introduction

Neuropathic pain (NeP)is a condition that affects up to 7%-10% of
the general population (Bouhassira 2019; Bouhassira et al. 2008;
van Hecke et al. 2014), impairs quality of life, and is associated
with considerable public health costs (O'Connor 2009). Several
common neurological conditions are related to NeP, including
diabetic peripheral neuropathy (Jensen et al. 2021), post-herpetic
neuralgia (Tang et al. 2023), spinal cord injury (Widerstrom-
Noga 2023), and stroke (Cheng et al. 2023). Despite this high
prevalence, the optimal clinical management of NeP is still chal-
lenging mainly due to its complex mechanisms, making both
non-pharmacological and pharmacological approaches neces-
sary (Bouhassira and Attal 2018; Attal and Bouhassira 2021;
Zhang et al. 2023). In this setting, gabapentinoids are one of the
main classes of drugs used for treatment due to their mecha-
nism of action involving, for example, the interaction with a2d
subunits of voltage-gated calcium channels (VGCC) (Williams
et al. 2023). This VGCC modulation reduces calcium influx into
the presynaptic terminal, subsequently decreasing the release
of neurotransmitters that act in nociception and amplifica-
tion of pain signals, such as glutamate, calcitonin gene-related
peptide and substance P (Chincholkar 2018). Moreover, these
drugs are suggested to enhance descending inhibition mediated
by noradrenaline (Patel and Dickenson 2022; Hayashida and
Obata 2019; Hayashida et al. 2007), inhibit synaptic plasticity
associated with chronic pain states through interaction with
thrombospondin pathways (Yu et al. 2018; Eroglu et al. 2009),
and modulate microglial activation, thereby reducing the re-
lease of pro-inflammatory cytokines that correlate with cen-
tral sensitisation (Wodarski et al. 2009; Scholz and Woolf 2007;
Watkins and Maier 2003).

Within this therapeutic framework, mirogabalin has emerged
as a novel gabapentinoid, with primary studies suggesting po-
tential efficacy for NeP and pain-related sleep interference (Kim
et al. 2021). Furthermore, translational research suggests that
mirogabalin may be less related to central nervous system-
specific adverse events in comparison with older gabapentinoids
due to low affinity and rapid dissociation from «28-2 subunits,
which are highly expressed in the Purkinje cells (Kim et al.
2021; Domon et al. 2018). However, more evidence is needed to
support these claims. Thus, we aimed to perform a systematic
review and meta-analysis of available clinical trials to assess the
efficacy and safety of mirogabalin in patients with central or pe-
ripheral NeP.

2 | Material and Methods

We performed and reported this systematic review and meta-
analysis in accordance with the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins et al. 2019)
and the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statements (Page et al. 2021).
The protocol was registered prospectively in PROSPERO
(Registration ID: CRD 42024546531; registered on May
24,2024).

Although the initial protocol at its inception included both ran-
domised controlled trials (RCTs) and observational studies,

prior to study selection, we restricted the eligibility criteria to
RCTs with a placebo comparator. These refinements were im-
plemented to ensure methodological consistency across the in-
cluded studies and were applied before study selection and data
extraction.

The research question and eligibility criteria were structured ac-
cording to the PICOTT framework:

(P) Patients with neuropathic pain of any severity and
aetiology;

(I) Mirogabalin treatment;
(C) Placebo comparator;

(O) Pain intensity (continuous and categorical outcomes), pain-
related sleep interference, clinical global impression, and ad-
verse events;

(T) Randomised controlled trials (type of study);

(T) No restriction on follow-up duration (time).

2.1 | Eligibility Criteria

We restricted our analyses to studies that met all the following
inclusion criteria: (1) RCTs; (2) comparing mirogabalin with
placebo; (3) including patients with NeP of any severity and ae-
tiology and (4) reporting any of the pre-specified outcomes of
interest. There were no eligibility restrictions on population size,
follow-up duration or study language. Studies that did not pro-
vide sufficient data for meta-analysis were excluded.

2.2 | Search Strategy and Data Extraction

We systematically searched PubMed, Embase, Cochrane
Library, Web of Science, and ClinicalTrials.gov from in-
ception up to January 2025. The exact search strategy used
can be found in the Supporting Information (Table S1). Two
authors (R.B.J and J.O.T) independently screened studies
following predefined search criteria and extracted data to a
standardised spreadsheet. Disagreements between authors
were solved through consensus. In addition, we manually
reviewed the references of all included studies and previous
relevant reviews (Parker et al. 2019).

2.3 | Endpoints

The primary outcomes of interest were the mean difference be-
tween groups in pain scores extracted from pain diaries and pain-
related sleep interference assessed by diary reports. Additionally,
we analysed the mean differences between groups in the
patient-reported pain on the visual analogue scale of the Short-
form McGill Pain Questionnaire (SF-MPQ) (Melzack 1987), the
proportion of patients reporting good (>30%) and substantial
(>50%) pain relief, patient-reported clinical global impression
(CGI) scale, and the risk of adverse events.

20f 10

European Journal of Pain, 2025

85UB01 T SUOIWIOD BA11E81D) 8|qeotjdde ay) Aq pausenob ae Seie YO 8sN JO SajnJ 10} ARIqIT 8UIUO AS|IA UO (SUOTHIPUOD-PUE-SWIB)/W0Y™ A8 | 1M ARe.d]1jBul[Uoy/:Sdny) SuonIpuoD pue swie | 8u 89S *[6Z0z/60/52] Uo A%iqitauliuo Ae1im ‘Aessey Jo Aiseaun Aq 21T0.'db/z00T 0T/10p/uoo A imAriqijeuluo//sdny woij pepeojumod ‘0T ‘520z ‘6vTZZEST


http://clinicaltrials.gov

2.4 | Quality Assessment

We performed quality assessment with the Cochrane's tool for as-
sessing bias in RCTs [Risk of Bias 2 (RoB2)]. In this tool, the risk
of bias is classified as high, some concerns or low in five domains:
randomization, deviation from intended interventions, missing
outcome data, measurement of the outcome, and selection of the re-
ported result biases (Sterne et al. 2019). Assessment of indirectness
was performed based on the applicability of the included studies to
the predefined PICOTT framework. No concerns regarding indi-
rectness were identified, as all included studies directly addressed
the research question. Publication bias was initially intended to be
investigated through analysis of the primary outcome; however, it
was not formally assessed because the number of included studies
(n=06) was insufficient to generate meaningful results from funnel
plot analysis or statistical methods such as Egger's test, as recom-
mended by the Cochrane Handbook (Higgins et al. 2019).

2.5 | Statistical Analysis

We compared treatment effects for continuous outcomes using
the mean difference (MD) between groups and collected absolute
numbers for dichotomous outcomes to calculate pooled risk ra-
tios (RRs); estimates were reported with 95% confidence intervals
(CI). The generic inverse variance method was used to pool effect
sizes. In multi-arm trials evaluating multiple dosages, results for
all doses were combined, unless the combination of means was not
possible because of missing data. In this case, only the data for the
highest dose was included. We examined the heterogeneity with
I? statistics and the Cochran Q test. The DerSimonian and Laird
random effects model was used for all outcomes, as recommended
by the Cochrane Collaboration (Higgins et al. 2019). For statistical
analysis, we used Review Manager Web, version 2024.

3 | Results
3.1 | Quality Assessment

The risk of bias appraisal for individual studies is reported in
Supplemental Figure 1. One study was considered as overall “low-
risk” of bias in all domains (Ushida et al. 2023). Five studies were
considered to have “some concerns” for bias: three due to blinding
outcome assessment (Baba et al. 2019, 2020; Merante et al. 2017),
one due to attrition bias (Kato et al. 2019), and one due to other bias
(Guo et al. 2024). We did not perform a publication bias assessment
with funnel-plot analysis because the number of included studies
was insufficient (< 10) (Higgins et al. 2019).

3.2 | Study Selection and Characteristics

As shown in Figure 1, we identified 475 results with the
search strategy. After the removal of duplicates and exclud-
ing non-relevant studies by title or abstract review, 37 studies
were reviewed in full. Of these, six were selected for inclusion,
comprising 3048 patients with NeP due to diabetic neuropathy
(65.1%), post-herpetic neuralgia (25.1%), or spinal cord injury
(9.8%) from double-blind parallel RCTs (Baba et al. 2019, 2020;
Kato et al. 2019; Merante et al. 2017; Ushida et al. 2023; Guo

PubMed search: 105 results

| |
| Embase search: 191 results |
| Cochrane search: 51 results |

| Web of Science search: 120 results |

| ClinicalTrials.gov search: 8 results |

| Number screened: 475 results |

Excluded (n = 438):
— duplicate reports, animal studies,
not related title/abstract

Full-text reviewed: 37 studies |

Excluded (n = 31):

Different type of study (n = 14)
Overlap sample (n = 3)

— Registry without data (n = 10)
Meeting abstract (n = 1)
Absence of control group (n =1)
Wrong intervention group (n = 2)

FIGURE1 | PRISMA flow diagram of study screening and selection.

6 included studies |

et al. 2024). No additional studies were identified for inclusion
based on the forward/backward citation tracking method.

The mean age of participants was 60.6years, and 64.7% were male.
The duration of treatment ranged from 5 to 14weeks. Additional
baseline characteristics of these studies are shown in Table 1.

3.3 | Pooled Analysis of All Studies

Pain intensity decreased in the group treated with mirogabalin
compared with placebo, as measured by average daily pain scores
ranging from 0 to 10 (MD —0.60; 95% CI —0.75 to —0.45; p<0.001;
I2=6%; Figure 2) and by the visual analogue scale of the SF-MPQ
(MD -6.36; 95% CI —8.13 to —4.59; p<0.001; I>=0%; Figure 3).

There was a higher proportion of patients reporting pain relief >
50% (RR 1.27;95% CI11.10 to 1.46; p=0.001; I> = 12%; Figure 4A),
aswell as >30% (RR 1.24; 95% CI11.12 to 1.37; p<0.001; I>=11%;
Figure 4B) in the group treated with mirogabalin versus placebo.

There was a significant improvement in pain-related sleep inter-
ference, as measured on a 10-point numerical rating scale, in pa-
tients treated with mirogabalin relative to placebo (MD —0.66;
95% CI —0.81 to —0.51; p<0.001; I2=0%; Figure 5).

A higher proportion of patients reported “much improved or
very much improved” on the patient-reported CGI scale (RR
1.40; 95% CI 1.26 to 1.57; p<0.001; I?=3%; Figure 6A), or at
least some perceived improvement on the same assessment in
the mirogabalin group relative to placebo (RR 1.19; 95% CI
1.09 to 1.30; p<0.001; I>=43%; Figure 6B). The assessment
of heterogeneity across outcomes showed predominantly low
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TABLE1 | Baseline characteristics of the included studies (randomised controlled trials).
Clinical
Sample Mean condition Treatment
(MGB/ age, Male associated Daily dose duration
Study, year Location Placebo) years (%) with NeP range (weeks)
Baba et al. 2019 Multicentric 500/334 61.4 72.5 Diabetic 15-30mg 14
neuropathy
Baba et al. 2020 Multicentric 273/88 50.7 63.2 Diabetic 10-30mg 7
neuropathy
Kato et al. 2019 Multicentric 304/461 66.5 60.3 Postherpetic 15-30mg 14
neuralgia
Merante Multicentric 284/112 60.2 53 Diabetic 5-30mg 5
et al. 2017 neuropathy
Ushida Multicentric 150/149 58.5 85.6 Spinal cord 10-30mg 14
et al. 2023 injury
Guo et al. 2024 Multicentric 196/197 58.2 54.2 Diabetic 10-30mg 14
neuropathy

Abbreviations: MGB, mirogabalin; NeP, neuropathic pain.

Mean difference

Mean difference

Study or Subgroup MD SE Weight IV, Random, 95% CI IV, Random, 95% CI
Baba et al. 2019 -0.495 0.1658 20.2% -0.49[-0.82,-0.17] —-

Baba et al. 2020 -0.3 0.2704 7.9%  -0.30[-0.83, 0.23] —_——

Guo et al. 2024 -0.39 0178 17.7% -0.39[-0.74, -0.04] —

Kato et al. 2019 -0.77 0.1684 19.6% -0.77 [-1.10, -0.44] — -

Merante et al. 2017 -0.88 0.3728 42% -0.88[-1.61,-0.15] ————

Ushida et al. 2023 -0.71 0.1324 304% -0.71[-0.97,-0.45] —m—

Total 100.0% -0.60 [-0.75, -0.45] ’

Test for overall effect: Z =7.72 (P < 0.00001)
Test for subgroup differences: Not applicable
Heterogeneity: Tau? = 0.00; Chi? = 5.30, df =5 (P = 0.38); 12 = 6%

Favors Mirogabalin

1 05 0 05 1
Favors Placebo

FIGURE2 | There was a significant decrease in pain intensity (as measured by average daily pain score) in patients affected by neuropathic pain

treated with mirogabalin as compared with placebo.

Mean difference

Mean difference

Study or Subgroup MD SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Baba et al. 2019 -5.87 1.8521 23.7%  -5.87[-9.50,-2.24] ——

Baba et al. 2020 -7.4 28572 9.9% -7.40[-13.00, -1.80] e

Guo et al. 2024 -3.3 1.95 21.4% -3.30[-7.12, 0.52] —a—t

Kato et al. 2019 -7.8 1.8878 228% -7.80[-11.50,-4.10] —_—

Merante et al. 2017 -11.98 4.3395  43% -11.98[-2049,-347] ——

Ushida et al. 2023 -6.9 213 17.9% -6.90[-11.07 , -2.73] ——

Total 100.0% -6.36 [-8.13, -4.59] ‘

Test for overall effect: Z = 7.06 (P < 0.00001)
Test for subgroup differences: Not applicable
Heterogeneity: Tau? = 0.00; Chi? = 4.99, df = 5 (P = 0.42); 1> = 0%

20

Favors Mirogabalin

-10 0 10 20
Favors Placebo

FIGURE 3 | There was a significant decrease in patient-reported pain, as measured by the visual analogue scale of the Short-form McGill Pain

Questionnaire, in patients affected by neuropathic pain treated with mirogabalin as compared with placebo.

values. The heterogeneity for the primary outcome (pain in-
tensity reduction) was low (I>=6%). Heterogeneity was also
low across most secondary outcomes (I? ranging from 0% to

Figure 6B).

12%), except for the outcome “at least some perceived im-
provement”, which showed moderate heterogeneity (I>=43%;
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A Mirogabalin Placebo Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Baba et al. 2019 108 494 64 330 21.8% 1.13[0.86, 1.49] e
Baba et al. 2020 134 273 37 88 22.1% 1.17 [0.89, 1.53] -
Guo et al. 2024 57 196 52 197  16.9% 1.10[0.80, 1.52] i
Kato et al. 2019 131 460 60 303 22.8% 1.44[1.10, 1.88] —a—
Merante et al. 2017 96 275 26 108  12.9% 1.45[1.00, 2.10] ——
Ushida et al. 2023 21 150 9 149 3.4% 2.32[1.10, 4.89]
Total 1848 1175 100.0% 1.27 [1.10, 1.46] ‘
Total events: 547 248
Test for overall effect: Z = 3.30 (P = 0.0010) 02 o5 1 ) 5
Test for subgroup differences: Not applicable Favors Placebo Favors Mirogabalin
Heterogeneity: Tau? = 0.00; Chi? = 5.67, df =5 (P = 0.34); 1= 12%
B Mirogabalin Placebo Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Baba et al. 2019 197 494 122 330 26.8% 1.08 [0.90, 1.29] —ll—
Baba et al. 2020 67 273 16 88 4.2% 1.35[0.83, 2.20] ———
Guo et al. 2024 106 196 91 197  22.3% 1.17 [0.96 , 1.43] ——
Kato et al. 2019 215 460 106 303 25.8% 1.34[1.11,1.60] ——
Merante et al. 2017 154 275 45 108 15.2% 1.34[1.05,1.72] —
Ushida et al. 2023 46 150 28 149 5.8% 1.63[1.08 , 2.46] —_—
Total 1848 1175 100.0% 1.24[1.12,1.37] ’
Total events: 785 408
Test for overall effect: Z = 4.18 (P < 0.0001) 0507 1 15 3
Test for subgroup differences: Not applicable Favors Placebo Favors Mirogabalin

Heterogeneity: Tau? = 0.00; Chi* = 5.59, df =5 (P = 0.35); I?= 11

FIGURE 4 | There was a higher proportion of patients with neurop
mirogabalin as compared with placebo.

%

athic pain intensity relief>50% (A) and >30% (B) in the group treated with

Mean difference Mean difference
Study or Subgroup MD SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Baba et al. 2019 -0.6 0.1531 23.9% -0.60[-0.90, -0.30] —_—
Baba et al. 2020 -0.87 0.2398 9.8% -0.87[-1.34,-0.40] _—
Guo et al. 2024 -045 0.168 19.9% -0.45[-0.78,-0.12] —
Kato et al. 2019 -0.76 0.1582 22.4% -0.76[-1.07 , -0.45] —_—
Merante et al. 2017 -0.71 0.395 36% -0.71[-1.48,0.06) ————F
Ushida et al. 2023 -0.71 0.166 20.4% -0.71[-1.04,-0.38] —_
Total 100.0% -0.66 [-0.81, -0.51] ’

Test for overall effect: Z = 8.79 (P < 0.00001)
Test for subgroup differences: Not applicable

1 05 0 05 1
Favors Mirogabalin Favors Placebo

Heterogeneity: Tau? = 0.00; Chi? = 2.99, df =5 (P = 0.70); I? = 0%

FIGURE 5 | There was a significant improvement in pain-related sleep interference in patients affected by neuropathic pain treated with mi-

rogabalin compared with placebo.

Compared with placebo, treatment with mirogabalin was as-
sociated with a higher risk of adverse events, including weight
gain (RR 4.86;95% CI 2.44 t0 9.69; p < 0.001), peripheral oedema
(RR 4.42; 95% CI 2.46 to 7.92; p<0.001), somnolence (RR 3.68;
95% CI 2.67 to 5.08; p<0.001), dizziness (RR 2.86; 95% CI 1.98
to 4.15; p<0.001), and nasopharyngitis (RR 1.34; 95% CI 1.05 to
1.70; p=0.02; Table 2).

3.4 | Sensitivity Analysis

We performed leave-one-out analyses to confirm that any in-
cluded studies did not significantly impact our main results.
Changes in average daily pain scores, visual analogue scale
scores, and average daily sleep interference scores remained
statistically significant (and with low heterogeneity) after the
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Weight IV, Random, 95% CI

Risk ratio
IV, Random, 95% CI

Risk ratio

A Study or Subgroup log[RR]  SE
Baba et al. 2019 02111 0.1134 23.6%
Baba et al. 2020 0.2877 0.2035  7.6%
Guo et al. 2024 0.4025 0.0986 30.7%
Kato et al. 2019 0.2672 0.1154 22.8%
Merante etal. 2017 0.4738 0.1568 12.6%
Ushida et al. 2023 0.8535 0.3406  2.7%
Total 100.0%

Test for overall effect: Z = 6.02 (P < 0.00001)
Test for subgroup differences: Not applicable

1.24[0.99 , 1.54] | -
1.33[0.89 , 1.99]

1.50 [1.23, 1.81] -
1.31[1.04, 1.64] —-
1.61[1.18,2.18] —

2.35[1.20 , 4.58]

1.40 [1.26 , 1.57] ®

4 y
{

0.2 05 1 2 5
Favors Placebo Favors Mirogabalin

Heterogeneity: Tau? = 0.00; Chi* = 5.16, df = 5 (P = 0.40); I’ = 3%

Weight IV, Random, 95% CI

Risk ratio Risk ratio

IV, Random, 95% CI

B Study or Subgroup log[RR] SE
Baba et al. 2019 0.1035 0.0828 17.6%
Guo et al. 2024 0.0968 0.0456 31.6%
Kato et al. 2019 0.2067 0.0619 24.4%
Merante et al. 2017 0.2299 0.0821 17.8%
Ushida et al. 2023 0.405 0.1341 8.6%
Total 100.0%

Test for overall effect: Z = 4.03 (P < 0.0001)
Test for subgroup differences: Not applicable

1.11[0.94, 1.30]
1.10[1.01, 1.20] -
1.23[1.09, 1.39] —o—
1.26 [1.07 , 1.48] —
1.50 [1.15 , 1.95] —
1.19[1.09 , 1.30] ®»

05 07 15 2

Favors Placebo Favors Mirogabalin

Heterogeneity: Tau? = 0.00; Chi*=7.01,df =4 (P =0.14); 2 = 43%

FIGURE6 | There was a higher proportion of patients with NeP reporting “much improved or very much improved” (A) or at least some perceived
improvement (B) on the patient-reported clinical global impression scale in the group treated with mirogabalin compared with placebo.

TABLE 2 | Pooled adverse events of mirogabalin compared to placebo in patients with neuropathic pain.

Adverse event Mirogabalin (events/total) Placebo (events/total) Pooled RR [95% CI] p valuef 12
Weight gain 78/1851 9/1174 4.86 [2.44-9.69] <0.001 0%
Peripheral oedema 90/1851 13/1174 4.42 [2.46-7.92] <0.001 0%
Somnolence 255/1851 44/1174 3.68 [2.67-5.08] <0.001 3%
Dizziness 162/1851 34/1174 2.86 [1.98-4.15] <0.001 0%
Nasopharyngitis 167/1378 79/869 1.34 [1.05-1.70] 0.02 0%

Abbreviations: 12, Heterogeneity Index; RR, Risk Ratio.
p value for test of overall effect.

individual exclusion of every study (Figures S2-S4). Moreover,
considering the variability in the follow-up duration across the
included studies, we conducted additional analyses focusing
exclusively on the four trials with a 14-week follow-up dura-
tion (Baba et al. 2019; Kato et al. 2019; Ushida et al. 2023; Guo
et al. 2024). This implied the exclusion of two trials with five and
seven weeks of duration (Merante et al. 2017; Baba et al. 2020).
No significant changes were observed in the pooled results of
the scores mentioned above (Figure S5).

4 | Discussion

Our meta-analysis of RCTs evaluated the efficacy and safety of
mirogabalin in the treatment of patients with NeP secondary
to diabetic neuropathy, post-herpetic neuralgia, or spinal cord
injury. The main findings were as follows: (1) mirogabalin sig-
nificantly improved pain outcomes in comparison with placebo,
measured both as a continuous variable or as a binary outcome

of pain improvement of >50% or >30% from baseline; (2) simi-
larly, the interference of NeP on sleep was decreased in patients
treated with mirogabalin and (3) there was a higher incidence
of adverse events such as weight gain, somnolence, peripheral
oedema, and dizziness as compared with placebo.

Although the findings of this meta-analysis were statistically
significant across primary and secondary outcomes, the mag-
nitude of the observed effects was modest. The mean differ-
ence in pain reduction (MD —0.60) and in pain-related sleep
interference (MD —0.66) suggests that, while mirogabalin pro-
vided a statistical benefit compared with placebo, the clinical
improvements were relatively small. These results align with
previous reports on gabapentinoids for NeP, which show that
statistically significant benefits may not necessarily correlate
with robust clinical gains. For example, the number needed to
treat (NNT) for gabapentinoids in NeP ranges from approxi-
mately 4 to 8 in conditions such as post-herpetic neuralgia, dia-
betic neuropathy, and central neuropathic pain; meta-analyses
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report combined NNTs of approximately 7.2 for gabapentin and
7.7 for pregabalin (Moore et al. 2014; Wiffen et al. 2017; Derry
et al. 2019; Finnerup et al. 2015). Nonetheless, in terms of per-
sonalised care, even modest changes can improve the overall
quality of life for specific individuals (O'Connor 2009). From
a translational perspective, advances in pharmacogenomics
may enable more tailored use of gabapentinoids—including
mirogabalin—by identifying individuals most likely to experi-
ence meaningful therapeutic benefits (Mackenzie et al. 2024;
Shaheen et al. 2021).

The novel gabapentinoid mirogabalin is a selective «28-1 and
a28-2 ligand with slower dissociation from a258-1 and faster un-
binding from «28-2 subunits of VGCC. Such a feature could con-
tribute to stronger analgesic efficacy and to a theoretically safer
adverse events profile in comparison with gabapentin or prega-
balin (Zajaczkowska et al. 2021; Kim et al. 2021; Domon et al.
2018). However, clinical data so far have not consistently demon-
strated a significantly improved tolerability profile compared
to existing gabapentinoids. A meta-analysis of RCTs assessing
patients with NeP due to diabetic neuropathy over seven weeks
showed that mirogabalin was superior not only to placebo but
also to pregabalin (300 mg/day) in decreasing average daily pain
and average daily sleep interference by pain scores. Although
mirogabalin was associated with higher incidences of adverse
events (e.g., dizziness, weight gain, peripheral oedema, and som-
nolence) compared with placebo, its safety profile was similar
to pregabalin. However, this pooled outcome analysis included
only two RCTs comparing mirogabalin and pregabalin (Alyoubi
et al. 2021), making further studies, such as head-to-head trials,
necessary.

Mirogabalin was shown to achieve its maximum plasma con-
centration in approximately 0.5 to 1 h, compared to around 1h
for pregabalin and 2 to 3h for gabapentin (Kim et al. 2021).
Additionally, mirogabalin's dosing regimen differs from that
of gabapentin and pregabalin. While conventional gabapentin
is required to be taken three to four times a day, mirogabalin
may be taken twice daily. Compared to pregabalin (which can
also be dosed twice a day), mirogabalin has been associated
with more stable serum levels and longer duration of action
(Kim et al. 2021). However, the clinical relevance of these
pharmacokinetic differences remains to be fully established.
A previous study showed that mirogabalin 30 mg/day was
associated with a frequency of 7% of adverse effects leading
to discontinuation, compared with 18%-28% for pregabalin
600mg/day, 12% for gabapentin >1200mg/day, and 12.5% for
duloxetine (Javed et al. 2018). On the other hand, mirogaba-
lin, similarly to other gabapentinoids, needs to have its dose
adjusted for patients with moderate to severe renal dysfunc-
tion, which partially limits its use in this population (Yin
et al. 2016).

Gabapentinoids donot address all the mechanisms underpinning
NeP (Attal and Bouhassira 2015; Bouhassira and Attal 2019).
Other treatment options include tricyclic and dual antidepres-
sants (Rosner et al. 2023), opioids (Fung and Kang 2023), can-
nabinoids (Rog et al. 2005; Meng et al. 2017), physiotherapy
(Kannan et al. 2022), acupuncture (Ma et al. 2022), and neuro-
modulation techniques (Galafassi et al. 2021), each with varying
degrees of efficacy and specific limitations. Thus, although new

drugs are becoming available, the growth of precision medicine
remains critical for the management of NeP, targeting individ-
uals' characteristics, genetic markers, and pain mechanisms
(Bouhassira and Attal 2023; Calvo et al. 2019).

We synthesised evidence from six placebo-controlled RCTs
assessing mirogabalin for NeP and pain-related sleep in-
terference (Baba et al. 2019, 2020; Kato et al. 2019; Merante
et al. 2017; Ushida et al. 2023; Guo et al. 2024), demonstrating
efficacy across both outcomes. Notwithstanding the therapeu-
tic benefits, this meta-analysis revealed an increased incidence
of adverse events related to mirogabalin compared with pla-
cebo, including weight gain, peripheral oedema, somnolence,
and dizziness. These findings align with results commonly re-
ported in the literature for gabapentinoids (Chincholkar 2018;
Benarroch 2021). Despite mirogabalin's pharmacokinetic ad-
vantages and greater selectivity for the «25-1 subunit, its overall
adverse event profile remains within the expected therapeu-
tic range for this drug class (Benarroch 2021; Zajaczkowska
et al. 2021). Thus, proactive management strategies, including
dose titration and patient education, are paramount to miti-
gate adverse events and optimise favourable outcomes (Alles
et al. 2017).

Although our findings provide updated evidence on efficacy
and tolerability, further investigation is warranted to address
remaining knowledge gaps. For instance, a recent large-scale
case-case-time-control study in Japan found that mirogaba-
lin use was associated with an increased risk of fracture (OR
1.53; 95% CI 1.35-1.72), similar to pregabalin (OR 1.35; 95%
CI 1.28-1.43), particularly among older adults (Wakabayashi
et al. 2025). Additional high-quality RCTs—including head-to-
head comparisons with other gabapentinoids—and long-term
evaluations of efficacy, safety, and cost-effectiveness are nec-
essary to characterise the clinical profile of mirogabalin across
diverse NeP syndromes.

Notably, growing evidence supports mirogabalin's efficacy and
tolerability. Although previous international guidelines did not
incorporate this agent (Andrejic et al. 2025; Moisset et al. 2021,
2020; Finnerup et al. 2021; Attal et al. 2010; Schlereth 2020), the
updated NeuPSIG recommendations have recently included mi-
rogabalin as a first-line pharmacologic option for treating NeP
(Soliman et al. 2025). This aligns with its already established use
in clinical practice in several Asian countries (Baba et al. 2019;
Guo et al. 2024; Kato et al. 2019; Suzuki et al. 2024; Obara
et al. 2024; Fujii et al. 2024; Tadokoro et al. 2024).

Certain additional limitations were noteworthy. First, the small
number of included studies precluded additional analyses, such
as additional subgroup evaluation and publication bias assess-
ment. Second, we were not able to assess long-term outcomes,
as most of the included studies only reported results within
controlled phases. Third, there was a heterogeneity of NeP syn-
dromes among the included clinical trials, which makes fur-
ther studies with larger and more homogeneous populations
necessary. In addition, Daiichi Sankyo Inc. sponsored all RCTs
included in this meta-analysis, and several authors across the
studies reported affiliations with the company. While all trials
employed rigorous randomised, double-blinded designs, it is rec-
ognised that sponsorship may be an inherent source of influence
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in clinical research. This factor should be considered when in-
terpreting the overall findings.

Finally, we should acknowledge a potential limitation of the re-
view process. While our strategy encompassed major databases
and trial registries, other sources of grey literature—such as
conference abstracts, dissertations, and regulatory reports—
were not systematically explored. However, we believe that the
comprehensive search across five major databases, together
with manual reference screening and the inclusion of registry
data, was sufficient to capture the relevant and methodologi-
cally sound evidence available to date.

5 | Conclusion

In this meta-analysis of RCTs assessing patients with NeP, mi-
rogabalin was associated with a significant improvement in pain
and pain-related sleep interference as compared with placebo;
however, there was an increased risk of adverse events. Further
head-to-head trials and long-term studies are warranted to de-
fine its optimal use and support its inclusion in broader clinical
guidelines.
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