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ARTICLE INFO ABSTRACT

Handling Editor: Professor H Madry Objective: Symptomatic treatment for osteoarthritis (OA) remains a major unmet need. This trial evaluated
XGO005, a novel, non-opioid, dual-mechanism agent targeting both inflammatory and neuropathic pathways in

Keywords: patients with knee OA.

XGoos Design: This randomized, double-blind, placebo-controlled study enrolled 318 patients with moderate-to-severe

;):itreloarthrltls knee OA pain to receive XG005 750 mg, 500 mg, or placebo twice daily for 4 weeks. Efficacy measures included

Symptoms weekly average of daily walking pain (WADWP), Western Ontario and McMasters Universities Osteoarthritis

Naproxen Index (WOMAC), Knee Injury and Osteoarthritis Outcome Score (KOOS), Patient Global Impression of Change

Pregabalin (PGIC), Sleep Interference Score (SIS), and Short-Form-12 Health Survey (SF-12).

Results: The primary efficacy endpoint of improvement from baseline in WADWP at week 4 was statistically
greater for the 750 mg group than placebo with least squares mean difference (LSMD) (95 % CI) of —0.55 (—0.94,
—0.16). Key secondary endpoints were significantly improved for high- and low-dose XG005 compared to pla-
cebo at week 4, with LSMD (95 % CI) of —0.43 (—0.74, —0.13) and —0.4 (—0.78, —0.02) in WOMAC pain, and
5.56 (2.69, 8.42) and 3.74 (0.17, 7.31) in KOOS pain. WOMAC and KOOS stiffness and function, PGIC, SIS and
SF-12 mental and general health showed statistically significant improvements over placebo. Patients with
neuropathic pain had approximately 2-3-fold greater symptom improvements than patients with nociceptive
pain. Mild dizziness and somnolence were most seen in XG0O05 groups.

Conclusion: XGO05 demonstrated consistent efficacy in improving OA symptoms with acceptable tolerability.
Additional studies in OA patients with neuropathic pain are needed to confirm its dual mechanism advantages.
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* Corresponding author. Xgene Pharmaceutical, Inc, 4607A, Office Tower 1, Plaza 66, 1266 W Nanjing Rd, Shanghai, 200040, China.
E-mail addresses: renlimin@bjmu.edu.cn (L. Ren), zhengwj@yhdyy.cn (W. Zheng), Guanzhenpeng@qq.com (Z. Guan), nfgjzy@126.com (Y. Zhang), zey.huang@
scu.edu.cn (Z. Huang), tlirheu@csu.edu.cn (T. Li), pywdoctor@163.com (Y. Peng), lumbar2011@126.com (Q. Wu), tiandiyouxia7280@163.com (W. Gou),
fengtiang4@163.com (W. Zhao), giaopengyan@sxbqgeh.com.cn (P. Qiao), panxiaoli@zmu.edu.cn (X. Pan), Leon.Jiang@xgenepharm.com (G.-L. Jiang).

https://doi.org/10.1016/j.ocarto.2025.100737

Received 1 July 2025; Accepted 16 December 2025

2665-9131/0© 2025 The Authors. Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International (OARSI). This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).



L. Ren et al.
1. Introduction

In the absence of approved therapies that alter the structural pro-
gression of osteoarthritis (OA), treatment options remain largely
symptomatic with analgesics as a foundation of OA management [1,2].
The existing analgesics, such as non-steroidal anti-inflammatory drugs
(NSAIDs) or intra-articular corticosteroids, mainly act on inflammatory
pain and are often associated with limited efficacy and/or safety con-
cerns [3,4]. Opioids, though sometimes used, pose serious risks of
dependence and adverse effects [3]. In chronic OA, the challenges arise
in part from the development of neuropathic pain mechanisms on top of
the underlying inflammatory pathogenesis, which create complex pain
phenotypes that explain why OA pain can be challenging to treat
effectively [5-8].

An analgesic effective for both nociceptive and neuropathic pain
could provide meaningful clinical benefits and address the limitations of
current standard-of-care therapies, even in the absence of structural
modification.

XGO0O05 is a novel, non-opioid, small-molecule new chemical entity
created via conjugating naproxen and pregabalin to synchronize their
actions. Thus, it has a dual mechanism of actions: inhibition of cyclo-
oxygenase (COX) enzymes involved in inflammatory pain and modula-
tion of calcium channel subunits implicated in neuropathic pain
signaling. Recently, XGO05 demonstrated potent analgesic effects in
acute post-bunionectomy pain (Cohen's d = 1.55 over placebo), a model
with the mixture of nociceptive and neuropathic pain [9]. It remained
unclear whether XG005 could provide strong analgesia and improve
symptoms of joint stiffness and dysfunction in chronic knee OA, a con-
dition with nociceptive and/or neuropathic components.

In this pilot trial of XGOO05 in osteoarthritis, we assessed its efficacy
and safety in patients with knee OA and compared its effects on noci-
ceptive versus neuropathic pain to inform future patient selection
strategies.

2. Methods
2.1. Study design and study subjects

This proof-of-concept trial was a 3-arm, double-blind, placebo-
controlled, parallel-group, multiple-center, randomized study to char-
acterize the analgesic effect and safety for two dose levels (750 mg and
500 mg) of XGOOS5 versus placebo twice daily (BID) in patients with
painful OA of the knee at 23 hospitals in China (CTR20222406). It
consisted of a screening period (up to 4 weeks), randomization, dose
titration (third day to reach 500 mg BID and 7th day to reach 750 mg
BID) and stable dose treatment for 4 weeks, follow-up visits at week 1, 2,
and 4, and phone safety follow-up one week after dosing completion
[10-12]. 4 weeks were chosen as the treatment duration in this pilot
study because naproxen is one of the active metabolites of XG005. And
Asians are particularly sensitive to NSAIDs-induced gastrointestinal side
effects and treatment guidelines recommend using the lowest possible
dose and shortest duration (as short as one month even efficacious) [13,
14]. Dosing duration in future studies would be justified based on the
safety data from this trial. During the screening period, if eligible sub-
jects were on pain medication or other pain therapies they were required
to go through the washout process [12]. The duration for pain medi-
cation washout was at least 5 half-lives of the medication. Other pain
therapies (e.g., physical therapies) were stopped at least 2 days prior to
starting baseline recording.

Qualified subjects recorded OA pain intensity for the study knee
while walking on a flat surface during the last 24 h, using an 11-point
numeric rating scale (0-10 NRS, 0 = no pain, 10 = worst pain
possible) on the eDiary, for the baseline (day —7 to —1) and 4 weeks
treatment period. The baseline average knee pain was required to be at
least 5.0 NRS based on at least 5 records. For bilateral knee OA, the most
painful knee was designated as the study knee or arbitrarily chosen
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when both knees had the same baseline pain score. Pain at sites other
than the study knee (if present) was required to be < 3.0 [10,11].

During the washout period and throughout the study, subjects were
allowed to take acetaminophen as rescue pain treatment as needed [10,
12] but not exceeding 2000 mg per day for up to 10 days of consecutive
use at a time.

Subjects of 40-70 years old with primary OA of the knee for at least 6
months, diagnosed with American College of Rheumatology Clinical and
Radiographic criteria [15] and Kellgren and Lawrence (KL) grade 2 and
3, were enrolled [12]. Subjects with secondary OA or joint involvement
from other systemic diseases were excluded. Antidepressants and
intra-articular corticosteroids and hyaluronic acids were prohibited [10,
12]. PainDETECT questionnaires were used to characterize if a subject's
OA pain had neuropathic pain components on day 1 [11]. Subjects with
gastrointestinal (GI) diseases or recent surgeries of GI tract, or allergic
history to NSAIDs were not included. Women of childbearing potential
were not allowed to get pregnant or lactating during the study and 6
months after discontinuation from the study. Male subjects were
required to contracept during the study and 6 months after discontinu-
ation from the study. Subjects with severe depression or anxiety as
assessed with Patient Health Questionnaire-9 (PHQ-9) and General
Anxiety Disorder (GAD-7) were excluded [10]. Medication compliance
was assessed by tablet counts at each visit. Rescue medication use was
recorded on the eDiary. All patients were required to maintain their
routine lifestyle and with no changes in activities throughout the study
period [12].

2.2. Randomization and blinding

Subjects who met all inclusion criteria and none of the exclusion
criteria were randomized (2:1:2) to either 750 mg XG005, 500 mg
XGO005 or placebo group. Study medications were provided as identi-
cally appearing and equal number of oral tablets, taken every morning
and evening (i.e., every 12 h). An independent biostatistician generated
and maintained randomization numbers and provided an independent
drug packing unit for drug kit preparation and shipping. Research staff
logged into an Interactive Web Response Systems (IWRS) with their
specific username and password to acquire the randomization number
and corresponding kit number for each enroller. The biostatistician was
reachable to unblind a participant for safety reasons, if necessary, but
was otherwise not involved in any other study activities. Participants
and research staff responsible for assessments, monitoring, data man-
agement, and/or drafting statistical analysis plan were unaware of the
participants' treatment allocation throughout the trial [10,12].

2.3. Assessments

Daily average pain when walking on a flat surface, rescue medication
use and sleep interference score (SIS) (0-10 NRS scale with 0 being no
interference and 10 being the worst possible) were recorded daily on an
eDiary in a smart phone. Change from baseline of the weekly average of
daily walking pain (WADWP) for 750 mg versus placebo at week 4 was
the primary efficacy endpoint. Study joint pain when walking on a flat
surface is the first question of Western Ontario and McMasters Univer-
sities Osteoarthritis Index 3.1 (WOMAC). Daily assessment of this pain
via ediary was taken as the primary efficacy measure to avoid recall bias
and reduce reporting burden compared with daily assessment of all pain
questions of WOMAC. WOMAC, Knee Injury and Osteoarthritis Outcome
Score (KOOS), Patient Global Impression of Change (PGIC), and Short-
Form-12 Health Survey (SF-12) measures were assessed at various
time points before and/or post treatment [10,12]. Key secondary effi-
cacy endpoints included changes from baseline in WOMAC pain and
KOOS pain subscale scores of the study knee at Week 4.

Laboratory, electrocardiogram (ECG) and physical examinations
were conducted before treatment and at the exit visit. Treatment-
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emergent adverse events (TEAEs) were recorded and followed up
throughout the study period or till resolution.

2.4. Statistical analysis

Sample size was determined based on change from baseline of high
dose XG0O05 (i.e., 750 mg) vs. placebo in the weekly average of walking
pain of the study knee at Week 4 with two sample t-test. With an esti-
mated standard effect size of 0.374 over placebo (i.e., change from
baseline for placebo = —4.3, estimated treatment effect = —1.72, and
SD = 4.6), based on randomized, placebo-controlled NSAIDs trials in
Asian knee OA subjects and other population [16-18], with 80 % power,
at a two-tailed a = 0.05, 114 subjects per arm were needed to demon-
strate superiority over placebo. To accommodate potential early termi-
nations, the recruitment goal was approximately 125 subjects per arm
for high dose and placebo arms and 63 subjects for the low dose (i.e.,
500 mg) arm.

A gatekeeping strategy was employed in the statistical analysis plan
(SAP) for multiplicity adjustment in this study (changed from the pro-
tocol). The primary efficacy endpoint and key secondary endpoints were
sequentially tested. Each step was conducted only if the previous hy-
pothesis test reached statistical significance. At each step, the full alpha
level (o = 0.05) was consumed.

An analysis of covariance (ANCOVA) model was used, with treat-
ment as a fixed effect, gender as a categorical variable, and baseline pain
score as a covariate. The model-estimated mean differences (95 % CI)
and P values for comparisons of the 750 mg and 500 mg groups versus
the placebo group were given. Pain reports on the same day of rescue
medication use were not calculated for the primary efficacy analysis,
instead, the last observation prior to rescue medication use was carried
forward (LOCF) [10,12]. The primary analysis population was modified
intention-to-treat (mITT) subjects including all randomized and with at
least one treatment. Sensitivity analyses for primary efficacy endpoint
included ITT, per protocol population (PPS), observed data analysis and
multiple imputation analysis. For all key secondary efficacy endpoints,
sensitivity analysis also included PPS population. As pre-specified in the

478 patients assessed for eligibility
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SAP, subgroups of patients with or without neuropathic pain compo-
nents were analyzed. All analyses were performed using SAS EG 8.2
(SAS 9.4).

Safety data were analyzed in all subjects who were exposed to study
treatments, regardless of the amount or duration of treatment. TEAEs
were summarized by primary System Organ Class (SOC) and Preferred
Term (PT) for each treatment group.

3. Results
3.1. Subject disposition and baseline characteristics

The study was conducted at 23 centers in China from November
2022 to May 2024. Fig. 1 summarizes the participant flow. A total of 478
subjects were screened and 318 were randomized and 316 were
administered with either XG005 750 mg (n = 125) BID, XG005 500 mg
(n = 60), or placebo (n = 131). Overall, the baseline characteristics in
age, gender, Body Mass Index (BMI), mental health, quality of life, and
baseline knee pain, function and KL grading were balanced across the
groups, with no significant differences. Among the 316 treated subjects,
79.7 % were female and 20.3 % were male; 94.9 % were Han race;
subjects with bilateral knee OA accounted 90.8 % and 12.0 % subjects
had neuropathic pain components likely (i.e., painDETECT question-
naire score >18) (Table 1).

3.2. Primary, key secondary and other efficacy endpoints

As the primary efficacy endpoint, the least squares mean (LSM)
(95 % CI) of change from baseline in WADWP at Week 4 was —2.26
(—2.57, —1.95) for the 750 mg group and —1.71 (—2.01, —1.41) for the
placebo group. The LSM difference (95 % CI) between the 750 mg group
and the placebo group was —0.55 (—0.94, —0.16) and P = 0.0055.
Statistically significant improvement in WADWP was observed since
week 1 and maintained for the entire study period (Fig. 2).

The robustness of the primary endpoint result was confirmed by
sensitivity analyses using the per protocol set (PPS), observed data, and

Fig. 1. CONSORT flowchart.
Notes: * One randomized patient did not
meet eligibility criteria and dropped off

160 excluded
147 did not meet eligibility criteria
9 withdrew consent
2 no longer willing to participate
1 unknown reason of abnormal
white blood cell increase
1 other reason

immediately after randomization; and one
patient withdrew study voluntarily right
after randomization, therefore both patients
did not receive the study drug.

Y Efficacy and safety analysis sets were
identical and included all patients who

318 randomized |

received at least 1 dose of study drug.

126 randomized to XG005 750 mg BID
125 received intervention
1 did not receive intervention?®

60 randomized to XG005 500 mg BID
60 received intervention

132 randomized to XG00S5 Placebo BID
131 received intervention

1 did not receive intervention®

56 completed
4 incompleted
2 adverse event
1 poor compliance
1 discontinued by PI

115 completed
10 incompleted
7 patient's early withdrawal
2 adverse event
1 poor compliance

128 completed
3 Incompleted
3 patient's early withdrawal

125 Analyzed® | |

60 Analyzed® | |

131 Analyzed®
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Table 1
Demographics and baseline characteristics of patients.
Characteristics XG005 Placebo (n = 131) P values
750 mg (n = 125) 500 mg (n = 60)
Age, Mean (SD), y 58.2 (6.8) 60.3 (5.8) 58.7 (6.8) >0.05
Gender, n (%)
Male 25 (20.0) 12 (20.0) 27 (20.6) >0.05
Female 100 (80.0) 48 (80.0) 104 (79.4) >0.05
Race, n (%)
Han 115 (92.0) 56 (93.3) 129 (98.5) >0.05
Others 10 (8.0) 4(6.7) 2(1.5) >0.05
BMI, Mean (SD), kg/m? 26.2 (3.5) 26.2 (3.5) 26.0 (2.7) >0.05
Weekly Average of DWP, Mean (SD), 0-10 NRS 5.9 (0.9) 5.7 (0.7) 5.8 (0.7) >0.05
painDETECT Score,n (%)
<13 68 (54.4) 39 (65.0) 75 (57.3) >0.05
13-18 38 (30.4) 16 (26.7) 42 (32.1) >0.05
>18 19 (15.2) 5(8.3) 14 (10.7) >0.05
KL Grade,n (%)
I 78 (62.4) 40 (66.7) 83 (63.4) >0.05
il 47 (37.6) 20 (33.3) 48 (36.6) >0.05
Unilateral/bilateral knee OA, n 12/113 6/54 11/120 >0.05
WOMAC, Mean (SD), 0-10 NRS
Total 4.4 (1.5) 4.4(1.2) 4.4 (1.5) >0.05
Pain 4.6 (1.3) 45@1.1) 4.6 (1.3) >0.05
Function 4.5 (1.7) 4.6 (1.4) 4.5 (1.6) >0.05
Stiffness 3.3(2.1) 3.4 (2.1) 3.5(2.2) >0.05
KOOS, Mean (SD)
Total 52.9 (14.8) 51.8 (12.7) 53.2(13.4) >0.05
Symptoms 59.5 (19.1) 58.5 (19.5) 59.5 (19.1) >0.05
Stiffness 66.5 (20.2) 65.6 (20.3) 63.8 (20.0) >0.05
Pain 53.8 (13.8) 52.5 (12.4) 53.0 (12.5) >0.05
Function, Daily Living 56.2 (16.6) 55.7 (13.9) 57.8 (14.4) >0.05
Function, Sports and Recreational Activities 34.8 (18.4) 32.9(17.5) 33.8 (18.6) >0.05
Quality of Life 44.4 (15.8) 41.5 (13.6) 45.0 (16.0) >0.05
SF-12, Mean (SD)
General Health 42.2 (8.6) 41.8 (8.5) 41.8 (8.9) >0.05
Mental Health 53.1(7.2) 52.4 (7.3) 51.1 (7.7) >0.05
Weekly Average of Daily SIS, Mean (SD), 0-10 NRS 2.4 (2.3) 2.2(2.1) 2.3(2.2) >0.05
PHQ-9, Mean (SD) 2.3(2.8) 2.1 (2.5) 2.2 (2.5) >0.05
GAD-7, Mean (SD) 1.4 (2.4) 1.1 (1.9 1.4 (2.3) >0.05

Abbreviations: BMI, Body Mass Index; DWP, Daily Walking Pain; GAD-7, General Anxiety Disorder; KL, Kellgren-Lawrence; KOOS, Knee Injury and Osteoarthritis
Outcome Score; NRS, Numerical Rating Scale; PHQ-9, Patient Health Questionnaire-9; SF-12, 12-Item Short-Form Health Survey; WOMAC, Western Ontario and
McMasters Universities Osteoarthritis Index 3.1. P values were comparison across three groups; nominal data were compared with percentage of each group.

multiple imputations. The LSM difference (95 % CI) between the 750 mg
group and the placebo group was —0.74 (—1.14, —0.34) and P = 0.0003;
—0.72 (—1.10, —0.34) and P = 0.0002; and —0.63 (—1.01, —0.25) and
P = 0.0012 using PPS, observed data and multiple imputations,
respectively.

In terms of change from baseline in WADWP measure, XGO0O5 at
500 mg did not show statistical difference from the placebo. 750 mg
XGO005 had numerically greater improvement than 500 mg XG005 from
week 1-4 and was statistically different at week 3 (P = 0.044).

As the key secondary efficacy endpoints, compared with the placebo
group, the LSM difference (95 % CI) in the change from baseline of the
WOMAC pain at week 4 was —0.43 (—0.74, —0.13) with P = 0.0056 for
the 750 mg group, and —0.40 (—0.78, —0.02) with P = 0.0384 for the
500 mg group. Fig. 3 summarizes the WOMAC pain, stiffness, function
and total score over time for both XG005 treatment and placebo groups.
For each XG005 dose, the difference over placebo was statistically sig-
nificant at each time point. The high dose XG005 showed numerical
advantage over the low dose XG005.

With respect to the KOOS pain subscale, compared with the placebo
group, the LSM difference (95 % CI) in the change from baseline in the
KOOS pain subscale score of the study knee at week 4 was 5.56 (2.69,
8.42) with P = 0.0002 for the 750 mg group, and 3.74 (0.17-7.31) with
P = 0.0402 for the 500 mg group. The change from baseline for KOOS
total score was statistically significantly greater in both XG005 groups
over placebo (P < 0.05, Table 2). All KOOS sub domain scores (i.e., knee
pain, stiffness, symptoms, function and daily living, sports and recrea-
tional activities, knee-related QoL) showed statistically improvement in

favor of XG005 (P < 0.05, Table 2). There was no statistical difference
between high and low dose of XG005 in KOOS measures.

3.3. PGIC, rescue medication use, sleep interference and SF-12
assessments

Compared with the placebo group, both XG005 treatment groups
showed statistically significant improvements in PGIC scores at all time
points. The LSM differences (95 % CI) for 750 mg XG005 over placebo at
weeks 1, 2, and 4 were —0.35 (—0.51, —0.18) with P < 0.0001, —0.32
(~0.50, —0.14) with P = 0.0006, and —0.31 (—0.51, —0.10) with
P = 0.0032, respectively; and for 500 mg over placebo, those were
—0.26 (—0.46, —0.05) with P = 0.0129, —0.28 (—0.51, —0.06) with
P = 0.0132, and —0.30 (—0.55, —0.04) with P = 0.022, respectively.
Greater proportions of subjects rated “very much improved” and “much
improved” in 750 mg and 500 mg XGO0O05 groups than in the placebo
(P = 0.0043 and 0.0193, respectively).

The total amount of acetaminophen consumed per subject over 4
weeks (mean 4 SD) was 2248.0 4+ 5135.1, 2075.0 + 4432.0 or
2419.8 + 5443.7 mg for the high or low dose XG0O05 or placebo groups,
respectively (P > 0.05). There was no difference in proportion of sub-
jects who used rescue medication or days of using rescue medication
across groups.

Though sleep was only mildly affected at baseline for this study
population, the LSM differences (95 % CI) in sleep interference score for
750 mg XGO0O05 over placebo at weeks 3 and 4 were —0.31 (—0.54,
—0.07) with P = 0.0105 and —0.44 (—0.69, —0.20) with P = 0.0004. No
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Fig. 2. Change from baseline in weekly average of daily walking pain over time.

Weeks

Notes: The least-squares means (LSM=+SE) and P-values are obtained from analysis of covariance (ANCOVA) model with treatment and sex as categorical fixed effects,
and baseline walking pain score as a covariate. *P = 0.0025, 0.0113, 0.0096 and 0.0055 for 750 mg XGO0O5 versus placebo at Weeks 1, 2, 3 and 4, respectively.

Week 1 Week 2 Week 4

*

Change from Baseline of Pain Subscore (LSM £ SE)

* P-value compared to Placebo < 0.05

3 % P-value compared to Placebo < 0.01 W 750mg ® 500mg M Placebo

[e] Week 1 Week 2 Week 4
0

(el Week 1 Week 2 Week 4

o

* P-value compared to Placebo < 0.05
3| ** P-value compared to Placebo < 0.01

‘Change from Baseline of Stifiness Subscore (LSM + SE)
*

W750mg = 500mg W Placebo

* P-value compared to Placebo < 0.05
.3 - * * P-value compared to Placebo < 0.01

Change from Baseline of Function Subscore (LSM + SE)

W750mg W 500mg W Placebo

Fig. 3. Change from baseline in WOMAC subscores and total score over time.

Change from Baseline of WOMAC Total Score (LSM + SE)

* P-value compared to Placebo < 0.05
-3 * * P-value compared to Placebo < 0.01

u 750mg

500mg W Placebo

Abbreviations: LSM, Least-squares mean; SE, Standard error; WOMAC, Western Ontario and McMasters Universities Osteoarthritis Index.
The LS means (+SE) and P-values are obtained from Analysis of covariance (ANCOVA) models with treatment and sex as categorical fixed effects, and corresponding
baseline WOMAC subscore as a covariate. All measures are based on 0-10 numerical rating scale.

difference in SIS between 500 mg XGO005 and placebo groups at any
timepoints was observed.

Analysis of the SF-12 scores at week 4 showed that the LSM differ-
ence (95 % CI) for the 500 mg group over placebo in the "general health"
and "mental health" dimensions were 2.40 (0.02, 4.78), P = 0.0483 and
2.25 (0.39, 4.12), P = 0.0181, respectively, while no statistically sig-
nificant differences were observed in other dimensions or dose group.

3.4. Subgroup analysis of nociceptive pain and neuropathic pain
responses

Neuropathic pain components were assessed with painDETECT
questionnaires at baseline. Though a small portion of patients had

neuropathic pain in their knees, compared to placebo the 750 mg and
pooled 750 and 500 mg XGO0O05 groups still improved significantly in
KOOS pain and total scores and WOMAC function (P < 0.05, Table 3).
The LSM differences between XG0O05 groups and placebo were 2.3-, 3.3-
and 3.0-fold more in KOOS pain, KOOS total and WOMAC function, and
increased 82.7 %, 41.5 % and 61.2 % in WOMAC pain and stiffness and
WADWP respectively for the pooled neuropathic pain subgroup,
compared with the pooled nociceptive pain subgroup (Table 3).

3.5. Adverse events

The incidence of treatment-emergent adverse events (TEAEs) was
75.2 % (94/125) in the 750 mg group, 65.0 % (39/60) in the 500 mg
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Table 2
Change from baseline in Knee Injury and Osteoarthritis Outcome Score (KOOS).

Osteoarthritis and Cartilage Open 8 (2026) 100737

Subscore 750 mg XG005 vs Placebo (n = 125/131) 500 mg XG005 vs Placebo (n = 60/131)

Visit LSM Difference (95 % CI) P-value LSM Difference (95 % CI) P-value
KOOS Pain

Week 1 2.44 (0.53, 4.35) 0.0125 2.13 (-0.26, 4.51) 0.0801
Week 2 4.46 (1.99, 6.93) 0.0004 2.67 (—0.42, 5.75) 0.0897
Week 4 5.56 (2.69, 8.42) 0.0002 3.74 (0.17, 7.31) 0.0402
KOOS Symptom

Week 1 3.21 (1.03, 5.38) 0.0041 2.76 (0.04, 5.48) 0.0464
Week 2 3.86 (1.04, 6.68) 0.0074 5.36 (1.85, 8.87) 0.0029
Week 4 3.94 (0.85, 7.03) 0.0126 3.38 (-0.48, 7.23) 0.0858
KOOS Knee Stiffness

Week 1 2.11 (—0.30, 4.52) 0.0864 2.56 (—0.44, 5.57) 0.0945
Week 2 3.70 (0.84, 6.56) 0.0114 3.23(-0.33, 6.79) 0.0752
Week 4 4.43 (1.38, 7.47) 0.0045 3.68 (-0.11, 7.48) 0.0572
KOOS Function, Daily Living

Week 1 3.21 (1.08, 5.34) 0.0032 2.43 (-0.22, 5.08) 0.0727
Week 2 4.29 (1.86, 6.72) 0.0006 4.14 (1.12,7.17) 0.0074
Week 4 3.86 (1.06, 6.65) 0.0071 4.63(1.14,8.12) 0.0094
KOOS Function, Sports and Recreational Activities

Week 1 2.61 (—0.15, 5.36) 0.0635 3.14 (-0.29, 6.57) 0.0727
Week 2 5.83 (2.28, 9.38) 0.0014 4.78 (0.35, 9.21) 0.0344
Week 4 3.86 (—0.20, 7.93) 0.0623 4.61 (—0.46, 9.67) 0.0745
KOOS Knee-related Quality of Life

Week 1 1.56 (—0.57, 3.69) 0.1514 1.39 (—1.28, 4.06) 0.3060
Week 2 4.00 (1.28, 6.73) 0.0042 4.03 (0.62, 7.45) 0.0207
Week 4 3.79 (0.46, 7.12) 0.0259 4.34 (0.17, 8.51) 0.0413
KOOS Total Score

Week 1 2.78 (0.98, 4.58) 0.0026 2.45 (0.20, 4.69) 0.0327
Week 2 4.44 (2.17, 6.70) 0.0001 4.07 (1.25, 6.90) 0.0048
Week 4 4.30 (1.66, 6.94) 0.0015 4.31 (1.02, 7.60) 0.0104

Note: Missing scores are imputed using the average value of the data available at the same visit in the same treatment group. LS means, LS mean difference, 95 % CIs
and p-values are obtained from Analysis of covariance (ANCOVA) model with treatment and sex as categorical fixed effects, and baseline KOOS subscore as a covariate.

P values are comparison with placebo.

Table 3
Nociceptive versus neuropathic pain subgroup analysis at week 4.
Baseline painDETECT <13 (neuropathic pain component unlikely) >18 (neuropathic pain component likely) P-value between
score N LSM Difference (95 % CI) P-value N LSM Difference (95 % CI) P-value LSMDs
Active/PBO Active/PBO

WADWP 750 mg 68/75 —0.60 (—1.12, —0.08) 0.0241 19/14 —0.75 (—2.03, 0.52) 0.2381 0.9374
500 mg 39/75 —0.31 (-0.92, 0.31) 0.3282 5/14 —0.92 (-2.71, 0.88) 0.3056 0.5305
750 + 500 mg pooled 107/75 —0.49 (—0.96, —0.02) 0.0393 24/14 —0.79 (-1.97, 0.38) 0.1799 0.8303

WOMAC pain 750 mg 68/75 —0.56 (—0.93, —0.19) 0.0032 19/14 —0.92 (—2.14, 0.31) 0.1386 0.9955
500 mg 39/75 —0.44 (—0.88, —0.00) 0.0476 5/14 —1.04 (—2.74, 0.65) 0.2175 0.5857
750 + 500 mg pooled 107/75 —0.52 (—0.85, —0.18) 0.0025 24/14 —0.95 (—2.09, 0.20) 0.1027 0.8295

WOMAC function 750 mg 68/75 —0.42 (—0.78, —0.07) 0.0204 19/14 —1.06 (—2.24,0.12) 0.0764 0.2431
500 mg 39/75 —0.43 (-0.85, —0.01) 0.0467 5/14 —1.87 (-3.52, —0.23) 0.0269 0.0277
750 + 500 mg pooled 107/75 —0.42 (-0.74, —0.10) 0.0095 24/14 —1.27 (-2.37, —0.16) 0.0261 0.0933

WOMAC stiffness 750 mg 68/75 —0.54 (—0.92, —0.16) 0.0055 19/14 —0.62 (—1.98, 0.74) 0.3618 0.8149
500 mg 39/75 —0.52 (-0.97, —0.07) 0.0230 5/14 —1.07 (—2.92, 0.77) 0.2441 0.4386
750 + 500 mg pooled 107/75 —0.53 (-0.87, —0.19) 0.0023 24/14 —0.75 (—1.99, 0.50) 0.2326 0.9521

KOOS pain 750 mg 68/75 5.80 (2.34, 9.25) 0.0011 19/14 12.44 (2.42, 22.47) 0.0165 0.1461
500 mg 39/75 4.55 (0.48, 8.63) 0.0288 5/14 11.17 (—2.81, 25.16) 0.1136 0.2834
750 + 500 mg pooled 107/75 5.34 (2.25, 8.43) 0.0008 24/14 12.12 (2.88, 21.36) 0.0117 0.1070

KOOS total 750 mg 68/75 4.15 (1.04, 7.26) 0.0092 19/14 12.28 (2.84, 21.72) 0.0123 0.0510
500 mg 39/75 3.83(0.15, 7.51) 0.0414 5/14 15.91 (2.61, 29.21) 0.0205 0.0315
750 + 500 mg pooled 107/75 4.03 (1.25, 6.82) 0.0047 24/14 13.18 (4.44, 21.93) 0.0043 0.0196

Note: Analyses were based on mITT population. P values were comparison with placebo. P values for the comparison of LSMDs are in the last column. WADWP: weekly

average of daily walking pain.

group, and 38.9 % (51/131) in the placebo group. The incidence of
TEAE:s related to the study drug was 68.8 % (86/125) in the 750 mg
group, 61.7 % (37/60) in the 500 mg group, and 29.8 % (39/131) in the
placebo group. Among which, the gastrointestinal (GI) TEAEs were
18.4 % (23/125), 16.7 % (10/60) and 6.1 % (8/131) in the 750 mg,

500 mg and placebo groups, respectively. These drug-related TEAEs
were mostly Grade 1 in severity and mainly occurred in the first week of
the trial. There were no treatment-related severe or serious AEs. TEAEs
leading to early withdrawal were 1.6 % (2/125), 1.7 % (1/60), and 0 %
(0/131) in the 750 mg, 500 mg and the placebo groups, respectively.
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Table 4
Summary of most common treatment-emergent adverse events (TEAES).
XG005 Placebo
750 mg 500 mg (n=131)
(n =125) (n = 60)
Most Common TEAEs®, n (%)
Dizziness 65 (52.0) 28 (46.7) 21 (16.0)
Somnolence 30 (24.0) 16 (26.7) 9 (6.9)
Nausea 8(6.4) 3(5.0) 0
Vomiting 8(6.4) 1@1.7) 0
Upper respiratory tract infection 5 (4.0) 2(3.3) 6 (4.6)
Lethargy 5 (4.0) 1(1.7) 0
Dyspepsia 5(4.0) 0 1 (0.8)
Headache 2(1.6) 1(1.7) 5(3.8)
Asthenia 4(3.2) 3 (5.0) 2(1.5)
Weight increased 4(3.2) 0 0
Abdominal discomfort 3(2.4) 2(3.3) 6 (4.6)
Alanine aminotransferase increased 1 (0.8) 2(3.3) 0
Red blood cells urine 1(0.8) 2(3.3) 0
Urinary tract infection 1(0.8) 3(5.0) 3(2.3)
Blurred vision 1(0.8) 2(3.3) 0
Upper abdominal pain 0 3(5.0) 0
Tinnitus 0 2(3.3) 0

# Occurred in >3 % of patients in any treatment group during the treatment
period.

The most common TEAEs were dizziness, somnolence, nausea and
vomiting, reported more in XG005 groups than in the placebo group
(Table 4).

4. Discussion

In this study, XG0OO05 treatment demonstrated statistically significant
analgesic effect and improvement in OA stiffness and function, as well as
sleep quality and quality of life. The result for the primary endpoint was
supported and confirmed by the key secondary and other efficacy
measures and sensitivity analyses. Successful management of knee OA
must address both pain and limitation of mobility, whose interactions
remain poorly understood [19]. Stiffness and dysfunction affect patient's
overall assessment of heath, quality of life and mental health [20]. So
far, few approved analgesics have stiffness and function improvement
included in their product labeling. The study results encourage further
testing of OA symptoms (i.e., pain, stiffness and function) as co-primary
efficacy endpoints in future trials, to earn symptom modification on the
label in addition to pain amelioration.

OA pain is a complex pathophysiology, including local inflamma-
tion involving all joint structures, peripheral and central neuropathic
abnormalities [7,21]. Approximately 50 % of OA patients present with
clinical neuropathic pain, often strongly associated with long duration
of severe pain, limitation of mobility, sleep, social and emotional
dysfunction [22-24]. Neuropathic pain in OA 1is resistant to
anti-inflammatory therapeutics and therapeutics targeting neuro-
pathic pain is needed [7]. In this trial, neuropathic pain was assessed
with validated painDETECT questionnaires. XG005 effects on KOOS
pain and total and WOMAC function in those patients were 2-3-fold
stronger compared to patients with nociceptive pain only. Given the
small proportion of neuropathic pain patients enrolled, and the com-
parison was measured as subgroup analysis (neither as the primary nor
as key secondary efficacy endpoints), the above observed trend was far
from conclusive in this pilot study. To confirm, future studies need to
cap comparable numbers of patients enrolled into neuropathic pain
group and non-neuropathic pain group, powered sufficiently and
analyzed as the primary or key secondary endpoint. There are no
approved therapeutics for OA neuropathic pain yet [25], and inte-
grated multimodal approaches have been recommended [26]. The dual
action of XG0O5 offers a potential opportunity to treat neuropathic
pain components beyond suppressing inflammation in OA patients
once confirmed.
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The daily walking pain, WOMAC pain and KOOS pain improved from
baseline by 38.4 %, 47.0 % and 32.6 % at Week 4 in the 750 mg treat-
ment group, which exceeded minimum clinically important improve-
ment [27]. The effect sizes over placebo for the primary efficacy
endpoint (daily walking pain) and key secondary efficacy endpoints
(WOMAC pain and KOOS pain) at week 4 were 0.36, 0.33, and 0.45,
respectively. These effect sizes were small (i.e., within the range of
0.2-0.5) [27]. Though numerically greater LSMDs over placebo were
observed with primary efficacy endpoint and WOMAC pain in subjects
with neuropathic pain than with nociceptive pain, their effect sizes were
barely changed due to small sample size and large standard deviation.
However, the effect size of KOOS pain reached 1.05 in neuropathic pain
subpopulation, reflecting a large effect (i.e., >0.8) [27].

By conjugating naproxen and pregabalin, XG005 synchronizes the
Tmax of pregabalin and naproxen and elevates their Cyougn levels by
approximately 73 % and 27 %, respectively, compared to bioequivalent
doses of pregabalin and naproxen taken as a fixed-dose combination
(data from phase 1 trials). 750 mg XGO0O05 releases bioequivalent doses of
300 mg naproxen and 150 mg pregabalin, and 500 mg XGO0O5 releases
200 mg of naproxen and 120 mg pregabalin (data on file). Those doses
are well below the commonly used dose of naproxen 500 mg BID for OA
pain [28,29], 300 mg BID for pregabalin in chronic neuropathic pain
[30] and 150 mg pregabalin BID being tested in a placebo-controlled
pilot hand OA trial [31]. Nevertheless, XG005 demonstrated improved
efficacy (particularly in the neuropathic pain subgroup) than naproxen
or other NSAIDs used at much higher doses for OA [17,28,29], which
remains to be confirmed in additional trials. Interestingly, analgesic
effects were also observed with 250 mg XGO005 (containing 120 mg
naproxen and 65 mg pregabalin) on day 2 of the dose titration phase (the
LSM difference (95 % CI) in change from baseline of daily walking pain
between the XG005 and the placebo groups was —0.18 (—0.35, —0.00)
and P = 0.0467). The potency and early onset effect could accommodate
individualized treatment plans based on therapeutic need and patient
response. Naproxen blocks prostaglandin production, reducing inflam-
mation and inflammatory stimuli on nociceptive nerve [32], while
pregabalin decreases the hyperexcitability of peripheral and central
neurons caused by damaged nerve tissue or stimulation [33]. Hence,
dual-acting XGOO5 may represent a potential advantage in treating OA
pain if a synergy could be established by including proper comparison
treatments in future trials.

XG005 was generally safe and well tolerated with a safety profile
consistent with the tolerability profiles described in the approved
package inserts for naproxen and pregabalin. No new safety signals were
identified. Since XGO005 is not active inside gastrointestinal (GI) tract
until being cleaved into active drugs after absorption, GI mucosa does
not have the direct exposure to local high dose of naproxen per se, thus,
potentially avoids direct cytotoxicity (e.g., membrane permeabilization,
necrosis and apoptosis of GI mucosal cells) independent of the inhibition
of COX activity [34,35]. Pre-clinical animal studies demonstrated GI
advantage of XGOO5 compared with ingestion of dose-comparable
naproxen (data on file). This trial showed that GI side effects occurred
in 18.4 % and 16.7 % subjects in 750 mg and 500 mg groups, respec-
tively. Those side effects were mild in severity, and none led to study
discontinuation. In knee and/or hip OA trial with naproxen, the inci-
dence of GI AEs was 35 % and 8 % of subjects discontinued the study due
to GI AEs [28,29,36]. Thus, XGO05 may increase the GI tolerance for
chronic use. Given analgesic effects observed with 250 mg XG005, this
would further reduce GI risk.

The limitation of the study includes short treatment and follow-up
period. Prolonged treatment to be studied may result in improved effi-
cacy as an abatement of neuroplasticity and central sensitization takes
time after eliminating pain input from the joint [37]. Also, longer
observation allows better characterization of safety profiles.

Compared with 500 mg XG005, 750 mg XG005 showed statistically
greater improvement in daily walking pain and some numerical ad-
vantages in WOMAC, KOOS pain, PGIC and SIS measures. In terms of
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safety, slightly more patients reported dizziness, vomiting and dyspepsia
in 750 mg XGO005 group than in the 500 mg XGOO05 group.

To summarize, XGOO5 as a novel, non-opioid new chemical molecule
acting on both inflammatory pain and neuropathic pain pathways,
demonstrated robust efficacy on modifying symptoms of OA with
favorable GI safety profile. Its effect on treating OA with neuropathic
pain is particularly encouraging for further studies to confirm.
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