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Purpose: To investigate the efficacy and safety of Crisugabalin combined with Acetyl-Levo-Carnitine (ALC) for treating Diabetic
Peripheral Neuropathic Pain (DPNP) in Chinese adults.

Methods: This 16-week, multicenter, randomized, positive-controlled phase 2 trial was conducted from June 21, 2023, through
February 22, 2024, employing a non-inferiority design with the non-inferiority limit set at 0.3 for the difference in Average Daily Pain
Score (ADPS) change. A total of 137 Chinese adults with DPNP for at least 6 months were randomized to receive Crisugabalin with
ALC or Alpha Lipoic Acid (ALA) with ALC. The primary endpoint was the change in ADPS from baseline at week 12. Secondary
outcomes included sleep interference and quality of life measures.

Results: The Crisugabalin group showed a statistically significant reduction in ADPS compared to the ALA group (P<0.0001).
Specifically, the least square mean (LSM) change from baseline in the Crisugabalin group was —4.0 (95% CI: —4.405, —3.620), while
in the ALA group it was —2.1 (95% CI: —2.505, —1.706). Secondary outcomes also demonstrated significant improvements in the
Crisugabalin group. The treatment in the Crisugabalin group was well-tolerated, with adverse events primarily mild to moderate, and
no serious related adverse events were reported.

Conclusion: Crisugabalin combined with ALC is a promising therapeutic option for DPNP, offering pain relief, improved sleep, and
enhanced quality of life. This combination therapy may be more effective than standard ALA treatment. (Trial registration:
ClinicalTrials.gov identifier, NCT06122012).
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Introduction
Diabetes mellitus (DM) is a chronic condition that has become an increasingly severe public health issue. It can lead to serious
and progressive macrovascular and microvascular complications, contributing to increased mortality rates and a decrease in the
quality of life. Diabetic peripheral neuropathy (DPN) is one of the microvascular complications of diabetes, sharing pathophy-
siological mechanisms of glucose-mediated vascular damage with other complications. The risk of DPN increases with age, and
the lifetime prevalence may be >50%,' with a significant number of cases going undiagnosed (12.5-61.5%).>> Among the
symptoms of diabetic sensorimotor polyneuropathy, diabetic peripheral neuropathic pain (DPNP) affects up to 30% of
individuals,” often presenting as symmetrical peripheral neuropathic pain primarily involving the distal extremities, or as
mononeuropathy or plexopathy.”’

Neuropathic pain is often chronic, severe, and challenging to treat and manage. DPNP is a major cause of disability,
foot ulcers, and ultimately, amputations. Over 70% of patients with DPNP suffer from moderate to severe persistent pain,
leading to sleep disturbances, anxiety, and depression, which in turn reduce the quality of life."*
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While DPN treatment goals include blood glucose control and addressing pathogenic mechanisms, DPNP
primarily requires effective pain management. Current guidelines prioritize calcium channel modulators as first-
line treatments for DPNP due to their efficacy in pain relief. Other options like antidepressants, anticonvulsants,
and opioids may provide symptomatic relief, but they do not address the underlying neuropathy. Therapies such as
alpha lipoic acid (ALA) and B-vitamin supplements are more focused on slowing DPN progression rather than
treating DPNP."**> This distinction underscores the need for treatments that not only alleviate pain but also
potentially modify the course of neuropathy, highlighting the rationale for exploring combination therapies in
clinical trials.

The mechanisms underlying DPNP formation are complex, involving peripheral and central sensitization, the
dysfunction of descending inhibitory systems, and changes in ion channel function, with various mechanisms interacting
with each other. Calcium ions are crucial in pain signal initiation and modulation. Voltage-gated calcium channels, which
include al, 025, and B subunits, regulate calcium influx into neurons. The a2 subunits are key therapeutic targets.'*'"
These subunits may reduce pain by limiting calcium influx, thereby decreasing the release of excitatory neurotransmitters
like glutamate and norepinephrine.'”> In DPNP, nerve injury can increase a28 subunit expression, leading to increased
calcium influx and neuronal hyperexcitability, which contributes to allodynia and hyperalgesia. Targeting these subunits
could provide an effective treatment approach for DPNP.

Crisugabalin capsules (HSK16149) are oral GABA-like agents that bind to the 026 subunits of calcium ion
channels, reducing calcium ion inflow through voltage-dependent calcium channels in the central nervous system,
thereby reducing the release of excitatory neurotransmitters such as glutamate, norepinephrine, and substance P, and
exhibiting anticonvulsant, analgesic, and anxiolytic activities.'**'* Crisugabalin, identified as a novel third-generation
calcium channel modulator, has demonstrated potent bioactivity, with in vitro data indicating it is 23 times more
bioactive than pregabalin, and coupled with the advantage of not requiring titration. The efficacy of Crisugabalin
monotherapy for the treatment of DPNP was proved in a recently published phase 3 trial.'> Despite the established
efficacy of Crisugabalin monotherapy, no clinical evidence currently exists for Crisugabalin-based combination
therapy in the treatment of DPNP.

Additionally, hyperglycemia is considered a triggering factor for DPNP. Increased oxidative stress caused by free
radical formation and the defect of antioxidant defenses associated with hyperglycemia are believed to lead to
endoneurial hypoxia and neurodysfunction, resulting in DPN. Preclinical studies have shown that the administration of
the antioxidant ALA can reduce neurovascular abnormalities associated with DPN.'® According to data from the Korean
National Health Insurance Service-National Sample Cohort, the proportion of drug treatment in DPN ranges from 66.5%
to 69.0%, with monotherapy accounting for 91.6% and combination therapy for 8.1%. In monotherapy, ALA is used the
most, followed by anticonvulsants and tricyclic antidepressants (TCAs).!” ALA can reduce pain intensity measured by
the 11-point numeric rating scale and total symptom scores (TSS) in patients with DPNP.'®

Acetyl-Levo-carnitine (ALC), catalyzed by acetyltransferase, promotes cellular energy synthesis. Its mechanism of
action includes stimulating aerobic metabolism in the brain, reducing oxidative stress injury, reducing excitotoxic
effects, and reducing synaptic glutamate concentration to alleviate allodynia, which is closely related to neurological
diseases. ALC treatment has been proven to improve DPN, stimulate nerve regeneration, and provide
neuroprotection.'® ! Recent phase 3 clinical trial results show that 6 months of ALC treatment combined with anti-
diabetic therapy can effectively reduce the severity of DPN-related symptoms, and patients have good tolerance to
a daily dose of 1500 mg of ALC.’

Although monotherapy is commonly used in clinical practice as first-line treatment, the best treatment results usually
only achieve at least 50% pain relief in less than half of the patients, often accompanied by dose-limiting side effects.”*?*
However, most current international guidelines do not recommend combination therapy due to insufficient evidence,
despite its widespread use by clinicians.” In contrast, the Chinese expert consensus recognizes the potential benefits of
combination therapy, emphasizing the synergistic effects of drugs with different mechanisms of action, which may offer
superior outcomes compared to monotherapy.”* In clinical practice, the treatment of DPNP patients often involves
a combination of analgesic drugs with neurotrophic, antioxidant stress, and aldose reductase inhibitory drugs, which can
relieve pain and repair nerve damage. Accordingly, this study employs the combination of ALA and ALC as a positive
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control group, a treatment regimen that has demonstrated improvements in neurophysiological parameters, pain, and
quality of life for patients with DPN in previous research.”> Our objective is to assess the efficacy and safety of a novel
drug combination, Crisugabalin with ALC, in the management of DPNP.

Materials and Methods

Study Design

This was a 16-week, multicenter, randomized, open-label, non-blinded, positive-controlled phase 2 clinical trial, aimed at
evaluating the efficacy and safety of Crisugabalin capsules combined with ALC tablets in Chinese patients with DPNP. The study
adhered to the Declaration of Helsinki and was approved by the Ethics Committee of our hospital (approval no.2023-0141).
Additionally, the study has been registered with clinicaltrials.gov (registration no. NCT06122012) (Figure 1a).

Participants

The study enrolled participants who were diagnosed with DPNP according to established clinical criteria. Eligibility was
determined by a comprehensive set of inclusion and exclusion criteria. Inclusion criteria mandated that participants be
adults aged 18 years or older, capable of understanding the study’s implications and voluntarily providing written
informed consent. A key inclusion metric was the presence of DPNP, confirmed by clinical diagnosis, and a measurable
pain intensity reflected by a visual analog scale (VAS) score between 40 mm and below 90 mm within the 24 hours
preceding the screening.

Conversely, exclusion criteria were designed to ensure the safety of participants and the reliability of the study outcomes.
Participants were excluded if they presented with a history of peripheral neuropathy or pain not related to DPNP that could
confound the study’s assessments, a history of malignancy within the past five years, with exceptions for certain types of
cancer. Additionally, participants with severe hepatic or renal impairment, as indicated by specific laboratory values, were not
eligible for enrollment. Known allergies to the trial medication components or structurally similar drugs, a history of suicidal
ideation or attempts, and pregnancy or breastfeeding status were also criteria for exclusion.

Randomization and Procedures

The clinical trial was meticulously designed, encompassing a 2-week screening period, a 1-week introduction phase
including baseline assessment (D0), a 12-week treatment period, and a final 1-week safety follow-up period. After
clinical evaluation and confirmation of eligibility, participants provided informed consent and received comprehensive
instructions regarding their involvement in the study from trained research personnel.

Upon successful completion of the screening phase, participants entered the introduction period where baseline assess-
ments were conducted. During this time, participants did not receive any specific treatments for DPNP, except in cases of
intolerable pain where nonsteroidal anti-inflammatory drugs (NSAIDs) were administered at the discretion of the study
physician. Following the introduction period, eligible participants were randomized in a 1:1 ratio to either the Crisugabalin +
ALC group (Crisugabalin group) or the ALA + ALC group (ALA group). The Crisugabalin group was prescribed
Crisugabalin capsules (20mg, BID) along with ALC tablets (0.5g, TID) for the 12-week treatment duration. In contrast,
the ALA group initially received ALA injections (0.6g, once daily) for the first week, followed by ALA tablets (0.6g, QD)
combined with the same regimen of ALC tablets for the remaining 11 weeks. Follow-up visits were scheduled on Day 43
(week 6) and Day 85 (week 12) to assess the study endpoints. Throughout the study, participants had the right to withdraw
consent at any time without prejudice to their future medical care. The study protocol provided clear guidelines for early
withdrawal due to intolerable adverse events, participant refusal to continue, significant deviations from the study protocol,
pregnancy, or loss to follow-up, ensuring the ethical conduct of the research and participant safety.

Post-treatment, participants engaged in a 1-week safety follow-up, which included a telephone assessment seven days
after the final dose of medication. This assessment was vital for monitoring any potential late-emerging adverse events.
For participants unable to complete the full treatment course, an early termination visit was arranged to ensure their
safety and to collect necessary follow-up data.
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Figure | (a) Overall study design. D indicates day; wk, week; V, visit. Visit time windows refer to the setting of a visit period, within which the completion of the relevant
test operations specified for this visit are all in accordance with the requirements of the study protocol, which contributes to the smooth and scientific conduct of the
clinical study. (b) Flow of participants through the trial.

Abbreviations: ALA, alpha-lipoic acid; FAS, Full Analysis Set; PPS, Per Protocol Set.

Outcomes

The primary outcome was the change in Average Daily Pain Score (ADPS) from baseline at week 12 between two
treatment groups. Secondary outcomes included changes in ADPS at week 8, Short-Form McGill Pain Questionnaire
(SF-MPQ) scores, Average Daily Sleep Interference Score (ADSIS), and EuroQol-5D-5L (EQ-5D-5L) scores at week 12.

Safety
It included the documentation and evaluation of all adverse events (AEs) that emerged during the trial, along with
extensive laboratory tests to identify any abnormalities in blood, urine, and other physiological parameters. The safety
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assessment of the study involved a detailed evaluation of treatment-emergent adverse events (TEAEs) and serious
adverse events (SAEs). Electrocardiograms (ECGs) were utilized to monitor cardiac safety, while vital signs and physical
examinations were systematically conducted to ensure that any changes in participants’ health were promptly detected
and addressed.

Statistical Analysis

The sample size for this study was calculated based on a statistical non-inferiority design, assuming a difference in the
ADPS of —0.6 between the experimental group receiving Crisugabalin capsules combined with ALC and the control
group after 12 weeks of treatment. The non-inferiority limit was set at 0.3, with a standard deviation estimated at 1.7. The
study aimed for 80% power to detect a difference at a one-sided significance level a of 0.025. Accounting for a 15%
dropout rate, the calculated sample size required 136 participants, with 68 participants per group.

The primary endpoint analysis employed an Analysis of Covariance (ANCOVA) model, using the change in ADPS
from baseline at week 12 as the dependent variable. To address missing ADPS scores at week 12, a multiple
imputation method was utilized. The adjusted least squares means (LSM) and their standard errors for the change in
ADPS were reported, along with the 95% confidence interval for the difference in mean changes between the
experimental and control groups. The experimental group’s treatment was considered non-inferior if the upper limit
of the 95% confidence interval for the adjusted mean difference was less than 0.3. When comparing the experiment
group to the control group, the upper limit of the 95% confidence interval for the adjusted mean difference was less
than 0, indicating a statistically significant and superior efficacy outcome for the experiment group. For participants
with missing data at 12 weeks due to dropout or other reasons, the analysis was conducted after imputing the missing
values using the multiple imputation method. Missing values for secondary efficacy endpoints were not imputed;
instead, the adjusted least squares means and their standard errors were reported, along with the 95% confidence
intervals for the differences in mean changes from baseline between the groups. For the primary endpoint analysis, we
conducted post hoc analyses to assess the proportion of subjects who achieved a reduction of >30 or 50% in ADPS
from baseline at week 12 or who had an ADPS score of 3 or lower at week 12. We also conducted sensitivity analyses
based on the FAS and PPS. For subjects who discontinued and those with missing week 12 ADPS data, we used the
multiple imputation method to impute missing week 12 data. Subsequently, we constructed an ANCOVA model with
the complete data after imputation, taking the change from baseline at week 12 ADPS as the dependent variable and
the study center, treatment group, and baseline ADPS value as explanatory variables. All analyses were performed
using SAS software, version 8.3.

Results

The study enrolled a total of 137 participants, who were randomly assigned to either the Crisugabalin group with 69 cases or
the ALA group with 68 cases. A total of 15 participants (10.9%) prematurely withdrew from the trial. Out of the randomly
enrolled participants, 133 received the study treatment (68 in the Crisugabalin group and 65 in the ALA group), who
exhibited consistent demographic and baseline characteristics, with similar drug exposure profiles. The average age of the
participants was 58.0 years. In terms of gender distribution, 42.6% of the Crisugabalin group and 47.7% of the ALA group
were females. The ADPS, indicating the baseline pain intensity, was 5.769 for the Crisugabalin group and 5.883 for the
ALA group. The baseline demographic characteristics were well-balanced between the two groups (Table 1).

All 133 were included in the Full Analysis Set (FAS) and Safety Set (SS). A total of 122 participants completed the
study (62 in the Crisugabalin group and 60 in the ALA group) and were included in the Per Protocol Set (PPS). The
primary study results were based on analyses of the FAS and PPS, with the FAS serving as the primary analysis set and
the PPS as the supportive analysis set (Figure 1b).

Primary Efficacy Endpoint Analysis

ADPS, showed a significant reduction from baseline at week 12 in both groups, with the Crisugabalin group achieving a more
pronounced decrease. The LSM change from baseline for the Crisugabalin group was —4.0 (95% CI: —4.405, —3.620) versus
—2.1 (95% CI: —2.505, —1.706) for the ALA group. The LSM difference between the groups was —1.9 (95% CI: —2.458,
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Table | Baseline Demographic, Diabetes, Previous Medication Uses, and Pain Intensity

Characteristics of Participants

Characteristic

Crisugabalin Group (n=68)

ALA Group (n=65)

Demographics
Age, years
Gender, Female
BMI, kg/m?
Medical history
Type | diabetes
Type 2 diabetes
Unclassified Diabetes
Diabetic neuropathy
Diabetic vascular disease
Diabetic retinopathy
Hypertension
Hyperlipidemia
Hyperuricemia
Underwent at least one surgical procedure
Previous medication use
Alpha lipoic acid
Pregabalin
Diclofenac Sodium
Medications for diabetes
Unspecified herbal or traditional medicines
Mecobalamin
Peripheral vasodilators
Pain intensity

Average Daily Pain Score

58.1 (11.61)
29 (42.6)
25.35 (3.763)

4(5.9)
59 (86.8)
5 (7.4)

68 (100)
25 (36.8)
24 (35.3)
40 (58.8)
24 (35.3)
11 (16.2)
34 (50.0)

7 (10.3)
I (1.5)

I (1.5)
16 (23.5)
5 (7.4)

5 (7.4)

8 (11.8)

5.769 (1.000)

58.0 (11.19)
31 (47.7)
24.19 (3.044)

5(7.7)
56 (86.2)
4 (62)
64 (98.5)
14 (21.5)
29 (44.6)
30 (46.2)
32 (49.2)
9 (13.8)
31 (47.7)

13 (20.0)
2 3.1)
I (1.5)
23 (35.4)
6 (9.2)
3 (4.6)
4 (62)

5.883 (0.933)

Note: Data are mean (SD), n (%).

—1.357), with the upper limit of the 95% CI being less than 0, indicating the superiority of the Crisugabalin group over the
ALA group based on FAS analysis (Table 2 and Figure 2a). Figure 2b illustrates the pain reduction trajectory for both the
Crisugabalin group and ALA group over the 12-week study period. From the outset, specifically during the first week, there
was a substantial decrease in ADPS from baseline in both groups, indicating an early therapeutic effect. However, commen-
cing from week 3 and continuing through to week 12, the Crisugabalin group consistently showed a significantly greater
reduction in ADPS compared to ALA group at each assessed time point. The results based on PPS revealed that LSM for
ADPS in the Crisugabalin group was —4.1, compared to —2.2 in ALA group. The LSM difference was —2.0 (95% CI: —2.522,
—1.401), with a P-value of less than 0.0001. PPS results were consistent with the findings from the FAS, further validating the

efficacy of Crisugabalin in reducing pain scores in patients with DPNP.

Table 2 Average Daily Pain Score, Short-Form McGill Pain Questionnaire (SF-MPQ) Scores, Average Daily Sleep
Interference Score (ADSIS), and EuroQol-5D-5L (EQ-5D-5L) Scores, FAS

Crisugabalin Group (n=68) | ALA Group (n=65) | P value
Primary endpoint
Average Daily Pain Score (ADPS) from baseline to week 12
Baseline, mean (SD) 5.769 (1.000) 5.883 (0.933)
Week 12, mean (SD) 1.766 (1.672) 3.741 (1.491)
Change from baseline, mean (SD) —4.033 (1.888) —2.153 (l.611)
LS, mean (SE) —4.0 (0.20) —2.1 (0.20) <0.0001
(Continued)
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Table 2 (Continued).

Crisugabalin Group (n=68) | ALA Group (n=65) | P value
Secondary endpoints
Average Daily Pain Score (ADPS) from baseline to week 8
Week 8, mean (SD) 2.588 (1.726) 4.230 (1.426)
Change from baseline, mean (SD) —3.164 (1.863) —1.665 (1.477)
LS, mean (SE) —-3.3 (0.20) —1.7 (0.20) <0.0001
Average Daily Sleep Interference Score (ADSIS)
Baseline, mean (SD) 5.134 (1.811) 5.054 (1.875)
Week 12, mean (SD) 1.402 (1.758) 2.886 (1.955)
Change from baseline, mean (SD) —3.785 (2.204) —2.162 (1.943)
LS, mean (SE) —3.8 (0.22) —2.2 (0.22) <0.0001
Short-Form McGill Pain Questionnaire (SF-MPQ) VAS scores
Baseline, mean (SD) 59.1 (9.88) 58.2 (9.62)
Week 12, mean (SD) 19.1 (15.51) 37.2 (16.07)
Change from baseline, mean (SD) —40.3 (18.60) =21.1 (16.96)
LS, mean (SE) —40.2 (2.07) —21.6 (2.06) <0.0001
SF-MPQ PRI scores
PRI scores change from baseline to week 12, LS mean (SE) | —7.2 (0.51) —4.8 (0.51) 0.0008
Sensory dimension
Baseline, mean (SD) 7.3 (3.96) 7.1 (4.19)
Change from baseline to week12, mean (SD) —5.0 (4.97) -3.1 3.72)
Affective dimension
Baseline, mean (SD) 3.5 (2.48) 3.3 (2.40)
Change from baseline to week12, mean (SD) —2.4 (2.21) —1.7 (1.98)
Pain dimension
Baseline, mean (SD) 10.8 (5.88) 10.4 (5.80)
Change from baseline to week12, mean (SD) —7.4 (6.61) —4.7 (5.20)
SF-MPQ PPI scores
Baseline, n (%) 0.4478*
Painless 0 0
Mild pain 3 (44 5(7.7)
Uncomfortable 34 (50.0) 36 (55.4)
Distressing and agitated 31 (45.6) 23 (35.4)
Terrible 0 I (1.5)
Severe pain 0 0
Week 12, n (%) 0.0001*
Painless 9 (13.2) 3 (4.6)
Mild pain 47 (69.1) 30 (46.2)
Uncomfortable 5(74) 25 (38.5)
Distressing and agitated 0 2 (3.1)
Terrible 1 (1.5) 0
Severe pain 0 0
EuroQol-5D-5L (EQ-5D-5L) scores
Baseline, mean (SD) 54.2 (14.79) 55.6 (14.00)
Change from baseline to week 12, mean (SD) 25.7 (15.60) 16.2 (11.36)
LS, mean (SE) 25.1 (1.51) 16.4 (1.49) <0.0001

Note: *Using the Cochran-Mantel-Haenszel (CMH) chi-square test to compare the differences in the incidence rates of various categories between the two groups.
Abbreviations: SD, Standard Deviation; LS mean, Least Squares Means; SE, Standard Error; 95% Cl, 95% Confidence Interval; VAS, Visual Analog Scale; PRI,

Pain Rating Index; PPI, Present Pain Intensity.

Journal of Pain Research 2026:19

https:



Fu et al

Q
(on

0-

0] - Crisugabalin group (N=68)
< 1 w -+ ALA group (N=65)
~ -1 12
g = N
% 2] jc,
2 -21+0.20 = ol
o -
a -31 o
< 3
(=
5 § .a
c -4.0+0.20 -
% 54 ) ANCOVA, P<0.0001 ug”
s -1.9 (95% Cl -2.458,-1.357) 2 4
w -6 (&)
-

-7 5

M Crisugabalin group (N=68) [ ALA group (N=65)

Time (weeks)

100- P=0.0002 1004
P<0.0001 P<0.0001
83.8% 1 r 1
0
«» 801 _— o 801 75.0%
< =
2 o
3 60 2 50
5 s
c [
2 o
T 404 T 40
s 3 32.3%
° °
o o
20 20+
0- 0-
230% reduction in ADPS 250% reduction in ADPS
M Crisugabalin group (N=68) [ ALA group (N=65) M Crisugabalin group (N=62) [ ALA group (N=61)

Figure 2 (a) The LSM difference of ADPS from baseline at week 12. (b) Change of ADPS from baseline to week |2. LSM: Least Squares mean, ADPS: Average Daily Pain
Score (¥ P< 0.1; ** P< 0.001; *** P< 0.0001). (c) Comparison of ADPS reduction from baseline at week 12. (d) Proportion of patients achieving ADPS score of 3 or lower at
week |12 between crisugabalin and ALA groups.

The results of the sensitivity analysis for the primary efficacy measure were consistent with the FAS analysis. The
least squares mean (SE) for the Crisugabalin group’s ADPS was —4.0 (0.20), and for the ALA group, it was —2.0 (0.20).
The least squares mean difference (LSMD) in ADPS between the Crisugabalin group and the ALA group, along with its
95% confidence interval (CI), was —1.9 (-2.510, —1.388), with a P-value of less than 0.0001, and the upper limit of the
95% CI was below 0.

At week 12, a notable proportion of patients in the Crisugabalin group achieved a reduction in ADPS 0f>30% and >50%
from baseline, specifically 83.8% and 77.9%, respectively, which were significantly higher than those observed in the ALA
group, with corresponding P-values of 0.0002 and less than 0.0001 (Figure 2c) The percentage of patients with an ADPS
score of 3 or lower was also higher in the Crisugabalin group (75.0% vs. 32.3%, P<0.0001) (Figure 2d).

We had integrated the analysis results based on individual patient data, as depicted in Figure 3, which visualized the
improvement and maintenance of patients’ ADPS. The Crisugabalin group demonstrated a more rapid improvement in
ADPS scores by week 6 (34.8% vs. 9.7%). By week 12, 73.8% of patients in the Crisugabalin group had achieved a state
of painless to mild pain, compared to only 19.7% in the ALA group. Throughout the treatment period, the Crisugabalin
group maintained a higher proportion of patients with painless to mild pain, indicative of sustained therapeutic efficacy.
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Figure 3 Patient Progression: Average Daily Pain Scores (ADPS) Changes from Baseline at weeks 6 and week 12. Pain is categorized as mild (ADPS<3), moderate
(3<ADPS<7), and severe (ADPS 27), with a score of 0 indicating no pain. At baseline, all patients were experiencing moderate to severe pain.

Secondary Efficacy Endpoints Analysis
The Crisugabalin group demonstrated greater improvements compared to the ALA group at week 12, with significant
LSM difference for ADSIS (—1.6, 95% CI: —2.217, —1.016) (Figure 4a). ADSIS in the Crisugabalin group also exhibited
a significant drop after week 4 (Figure 4b). SF-MPQ Visual Analog Scale (VAS) (—18.6, 95% CI: —24.323, —12.869, P <
0.0001), and SF-MPQ Pain Rating Index (PRI) (2.5, 95% CI: —3.892, —1.050, P = 0.0008) (Figure 4c and d). The
proportion of participants reporting less pain on the SF-MPQ Present Pain Intensity (PPI) was significantly higher in the
Crisugabalin group (P = 0.0001) (Table 2).

The EQ-5D-5L (EQ-VAS) score at week 12 showed a mean change from baseline of 25.1 (SE 1.51) in the
Crisugabalin group and 16.4 (SE 1.49) in the ALA group, with a statistically significant difference between the groups
(P < 0.0001) (Table 2 and Figure 4e).

Safety Outcomes

In the Crisugabalin group, 57.4% of subjects (39 out of 68) experienced a total of 68 TEAEs, with 27.9% of subjects (19
out of 68) having events related to Crisugabalin capsules. A small percentage, 5.9% (4 out of 68), had TEAEs graded as
severe (CTCAE grade >3), and the same proportion reported SAEs. In contrast, the ALA group showed a slightly lower
incidence of TEAESs, with 47.7% of subjects (31 out of 65) affected. TEAEs related to ALA were 15.4% (10 out of 65).
4.6% of participants experienced severe TEAEs and serious SAEs, with three individuals out of 65 affected by both
(Table 3 and Supplementary Table 1).

The majority of adverse events in both groups were mild to moderate and self-resolving or responded to minimal
intervention. However, a small subset of events required medical treatment for improvement or resolution. The
Crisugabalin group predominantly reported dizziness, somnolence, nausea, upper abdominal pain, chronic gastritis,
diarrhea, and urinary tract infection as the most common TEAEs (>1.0%). The ALA group commonly experienced
abdominal pain, diarrhea, and urinary tract infection.

Treatment-emergent adverse events leading to study drug discontinuation were low in both groups, with no significant
differences between the Crisugabalin and ALA groups. The safety profile of Crisugabalin was consistent with its
mechanism of action, and the observed adverse events were manageable, reinforcing the overall safety of the treatment
regimen in the context of this study.
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Figure 4 (a) Difference in ADSIS from baseline at week 12. (b) Change of ADSIS from baseline to week 12 (* P< 0.05; ** P< 0.001; *** P< 0.0001). (c) Difference in Short-
Form McGill Pain Questionnaire (SF-MPQ) VAS scores from baseline at week 12. (d) Difference in SF-MPQ PRI scores from baseline at week 12. (e) Difference in EuroQol-
5D-5L (EQ-5D-5L) scores from baseline at week 12.

Discussion

This phase 2 clinical trial provides evidence supporting the superior efficacy of Crisugabalin capsules combined with ALC

over the ALA combination in reducing pain and improving sleep and quality of life in patients with DPNP. The safety

profile of the Crisugabalin group was acceptable and manageable, with adverse events being generally mild to moderate.
Crisugabalin is the first calcium channel modulator approved in China for the treatment of DPNP, and it is one of only

two medications with this indication in China. Current guidelines consistently recommend calcium channel modulators as
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Table 3 Adverse Events Summary

Crisugabalin Group (n=68) | ALA Group (n=65)
Number of Occurrences, Number of Occurrences,
Number of Patients (%) Number of Patients (%)
AE: Adverse Event 68 39 (57.4) 61 32 (49.2)
TEAE: Treatment-Emergent Adverse Event 68 39 (57.4) 57 31 (47.7)
CTCAE Grade 23 TEAE 44 (59) 33 (4.6)
Serious TEAE (SAE) 44 (59) 33 (4.6)
TEAE leading to death 0 0
TEAE leading to trial discontinuation 22(29) 11 (1.5)
TEAE leading to drug dose adjustment 65 (7.4) 11 (1.5)
TEAE leading to discontinuation of ALA tablets NA 11 (1.5)
TRAE 27 19 (27.9) 1110 (15.4)
TRAE leading to drug dose adjustment 22(29) 0
TRAE leading to increased dosage of Crisugabalin or ALA | 0 0
TRAE leading to decreased dosage of Crisugabalin or ALA | 0 0
TRAE leading to suspension of Crisugabalin or ALA 11 (1.5) 0
TRAE leading to discontinuation of Crisugabalin or ALA 11 (1.5) 0

Note: Data are n (%).

first-line treatment for DPNP.>?* Moreover, Crisugabalin has also been approved for the treatment of postherpetic
neuralgia, a different neuropathic pain indication,?® suggesting that future research could explore its potential in a broader
range of neuropathic pain conditions.

Our study is also the first to report the phase 2 results of Crisugabalin combination therapy, further confirming the
efficacy of reducing pain scores and safety of the combined treatment approach. In our study, Crisugabalin combination
therapy group achieved a notable outcome, with 75% of patients having ADPS of 3 or lower, which means the patient’s
pain level is reduced to mild, and 77.9% of patients having over 50% reduction of ADPS at week 12 (Figure 2d). This
finding is particularly advantageous when compared to previous researches in the field of DPNP. In previous phase 3
study, the monotherapy with Crisugabalin demonstrated significant efficacy in reducing pain.'> Specifically, the propor-
tion of responders with at least a 30% or at least a 50% decrease were significantly higher in the Crisugabalin 40-mg/d
group (57.3% or 32.0%, respectively) and 80-mg/d group (51.4% or 36.3%, respectively). These figures, while
impressive, are lower than the response rates observed in our study with the combination therapy of Crisugabalin and
ALC. Previous studies have shown that monotherapy with ALA can reduce patients’ pain intensity by approximately
30%, corresponding to a mean reduction of 1.7 points on the pain scale.'® In the PAIN-CARE trial, the proportion of
patients in the ALA and Pregabalin combination therapy group who achieved a reduction of >30% in pain from baseline
was 51%.?” In our study, the combination of ALA and ALC achieved a 35% reduction in ADPS, corresponding to a mean
reduction of 2.1 points. However, the combination therapy with Crisugabalin demonstrated an even more significant
reduction of 69% in ADPS, corresponding to a mean reduction of 4.0 points. These findings further highlighting the
advantages of a combination treatment strategy. The recently published OPTION-DM study, which employed various
treatment strategies including monotherapy and different combination therapies after six weeks, reported proportions of
32-48% for Numerical Rating Scale (NRS) scores of 3 or less at week 16, and 35-48% for those with a reduction in NRS
of more than 50%.%

The progression of DPN is typically slow and influenced by factors such as hyperlipidemia, hypertension, obesity,
aging, and hyperglycemia. It is unlikely that monotherapy can achieve clinical success in the treatment of DPN;
therefore, this study employed a combination therapy with drugs of different mechanisms. As previously mentioned,
the therapeutic effects of ALA and ALC in monotherapy have been confirmed in previous studies. A systematic review
and meta-analysis suggested that a triple therapy of ALA, epalrestat, and mecobalamin may be more effective than
monotherapy or dual therapy, with significant improvements in motor nerve conduction velocity (MNCV), sensory nerve
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conduction velocity (SNCV), peroneal MNCV, peroneal SNCV, and vibration perception threshold (VPT).?® Our study
explored the combined use of Crisugabalin and ALC, aiming to address both pain relief and other sensory symptoms
commonly experienced by patients. While ALC is known to ameliorate sensory disturbances such as numbness and
tingling, its impact on pain is less pronounced.”*> The integration of Crisugabalin, which has shown significant pain-
reducing effects, with ALC’s neuroprotective properties, is intended to provide a more comprehensive therapeutic
approach. This strategy potentially enhances the treatment of DPN by not only alleviating pain but also improving
other related symptoms, thus offering a holistic benefit to patients’ overall management and quality of life. This trial was
designed to assess symptomatic improvements rather than disease modification. The potential for long-term effects on the
progression of DPN could be further explored through real-world evidence studies.

Figure 3’s visual representation of patient progress provides a holistic view of the therapeutic journey, highlighting
the immediate and sustained benefits of Crisugabalin combination therapy. This treatment has shown its edge not merely
in reducing mean ADPS scores but also in facilitating a swift pain downgrade by week 6 and maintaining a state of mild
or no pain by week 12, as evidenced by individual patient data. This mode of presentation provides a novel perspective
that can serve as a reference for future pain research, emphasizing the importance of individual patient trajectories in
addition to group averages.

Improvements in sleep disturbance and quality of life indicators are also significant outcomes for DPNP patients.*> In
this study, the results of ADSIS, SF-MPQ (PRI/PPI), and EQ-5D-5L scores showed that both treatment plans could
improve patients’ sleep quality and quality of life; moreover, the Crisugabalin group was superior to ALA group, all
results showing statistical differences, further proving the efficacy of Crisugabalin capsules from multiple dimensions
such as pain relief, sleep improvement, and enhancement of life quality. The OPTION-DM study also confirmed that in
different treatment paths, the Patient’s Global Impression of Change (PGIC) questionnaire at the end of treatment showed
that 43—49% of patients felt “very much better” or “much better”, and there was still an improvement of 24-43% at the
end of the study (week 50).** The secondary endpoints of the PAIN-CARE study also indicated that combination therapy
has more advantages in improving sleep quality and quality of life than monotherapy with ALA.?’

When comparing the safety profiles of the two groups, the Crisugabalin group showed an acceptable and manageable
safety profile, with the incidence and types of adverse events being consistent with the nature of the treatment and the
condition being studied. The overall safety outcomes suggest that both treatments were well-tolerated, with no
unexpected safety signals that would compromise the therapeutic potential of Crisugabalin in combination with ALC
for the treatment of diabetic peripheral neuropathic pain. Compared with previous studies on ALC®**2° and
Crisugabalin'” treatment of DPNP we also did not find any new adverse reactions or safety events associated with the
combination therapy. The PAIN-CARE study also applied a combination treatment plan®’ and did not suggest an
increased safety risk.

Our study had some limitations. Pain relief-related studies for DPNP could consider using a placebo-controlled and
crossover study design to accurately assess the effects of monotherapy or combination therapy drugs, but such designs
would require a longer time to verify the results and would increase the complexity of the study design and the difficulty
of patient screening and enrollment. As a phase 2 study, we did not use a complex study design but used a positive
control drug for comparison, achieving superior results and providing reliable data for subsequent studies. Due to the
limited sample size of the phase 2 study, we did not assess the efficacy rate of pain treatment, the impact of previous
treatments, or other subgroup analyses.

Conclusions

In conclusion, this phase 2 trial provides preliminary evidence supporting for the potential use of Crisugabalin capsules
combined with ALC as a novel treatment option for DPNP, offering not only pain relief but also improvements in sleep
and quality of life for affected patients. Given the exploratory nature of this phase 2 study, these findings should be
interpreted with caution and require powered phase 3 trials. The findings position this combination as a candidate for
further development and consideration in future clinical guidelines for DPNP treatment.
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