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Significant pain reduction was demonstrated with
low-dose LX9211 in individuals with diabetic neuropathic pain 

Low-dose LX9211 vs. Placebo: LS Mean -0.67, P = 0.007
High-dose LX9211 vs. Placebo: LS Mean -0.55, P = 0.030
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Individuals with diabetic 
neuropathic pain were randomized to 
low-dose LX9211, high-dose LX9211,

or Placebo (1:1:1) administered 
orally, once daily for 6 weeks

ARTICLE HIGHLIGHTS

� Why did we undertake this study?
There is a substantial unmet need for effective and well-tolerated treatments for diabetic peripheral neuropathic pain (DPNP).

� What is the specific question(s) we wanted to answer?
Is LX9211, a nonopioid orally administered selective inhibitor of adapter protein-2–associated kinase 1, effective to reduce DPNP?

� What did we find?
In this double-blind, randomized, multicenter, proof-of-concept study, the primary efficacy end point was achieved for subjects on low-dose LX9211
(10 mg daily); low-dose LX9211 reduced pain at week 6, improved other patient-reported outcomes, and was generally well tolerated.

� What are the implications of our findings?
Advanced clinical trials for LX9211 for DPNP are merited.
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OBJECTIVE

To evaluate the efficacy of LX9211 in reducing pain related to diabetic peripheral
neuropathy.

RESEARCH DESIGN AND METHODS

In this double-blind, multicenter, proof-of-concept trial, 319 individuals with diabetic pe-
ripheral neuropathic pain (DPNP) were randomized (1:1:1) to LX9211 10 mg (n = 106),
LX9211 20 mg (n = 106), or matching placebo (n = 107), administered once daily for
6 weeks. DPNP was rated daily with an 11-point numerical rating scale. The primary
end point was change from baseline to week 6 in the average daily pain score. The dif-
ference between each LX9211 group and placebo was evaluated with mixed-model re-
peated-measures analysis.

RESULTS

For those on low-dose LX9211 the primary efficacy end point was achieved:21.39 vs.
20.72 points for placebo, least squares mean (SE) difference 20.67 (0.249), 95% CI
21.16 to 20.18, P = 0.007; results for high-dose LX9211 demonstrated improvement
in pain severity versus placebo (21.27 vs. 20.72 points, respectively), but the
between-group LS mean difference did not reach the prespecified statistical signifi-
cance (20.55 [0.254], 95% CI21.06 to20.05, P = 0.030). Treatment benefit was ob-
served beginning at week 1 and maintained thereafter. Results for LX9211 also
demonstrated improvement in several patient-reported secondary outcomes. Most
common adverse events (AEs) were dizziness, nausea, and headache. More partici-
pants treated with LX9211 (20 mg, n = 28 [26.4%]; 10 mg, 17 [16.0%]) than placebo
(3 [2.8%]) discontinued study drug prematurely due to AEs; serious AEs were uncom-
mon (2 [1.9%], 0, and 1 [0.9%], respectively).

CONCLUSIONS

These preliminary findings of improvement in DPNP with LX9211 support further
investigation in larger trials.

Diabetic peripheral neuropathy (DPN) is a major chronic complication of diabetes (1),
affecting approximately 50% of individuals with diabetes (1,2), 30–40% of whom
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experience neuropathic pain (NP) (3–5).
Furthermore, obesity, metabolic syndrome,
and prediabetes increase the risk of periph-
eral neuropathy (6), underscoring the grow-
ing numbers of people at risk for peripheral
neuropathy with a metabolic etiology.
Painful DPN leads to serious comorbid-
ities including anxiety, depression and
other mood disorders, insomnia, gait dis-
turbances, and loss of physical function,
all adversely affecting patients’ quality of
life (1,5,7,8). The polypharmacy often re-
quired to treat diabetic peripheral neuro-
pathic pain (DPNP) further exacerbates
these problems (1,4,9).

Despite the burden of illness, currently
available therapies for DPNP either alone
or in combination provide only modest
pain relief, with fewer than half of individu-
als achieving 50% reduction in pain severity
(10). Additionally, most people experience
undesirable, dose-limiting adverse events
(AEs) with existing therapies (e.g., dizziness,
lethargy, weight gain) (9,11,12). Taken to-
gether, there is a substantial unmet need
for effective and well-tolerated treatment
options for relief of DPNP.

Adapter protein-2–associated kinase 1
(AAK1) was identified as a novel nonop-
ioid therapeutic target for NP (13). LX9211
is an orally administered, selective, potent
inhibitor of AAK1 (14). In phase 1 clinical
studies, LX9211 was safe and well toler-
ated (15). In a single ascending dose study
(from 5 to 300 mg), the half-life of LX9211
ranged from 143 to 197 h. In a multiple as-
cending dose study, in which a loading
dose of LX9211 was administered on day 1
followed by a maintenance dose (i.e., 25
and 2.5, 50 and 5.0, 100 and 10.0, 150 and
15.0, or 200 and 20.0 mg) administered
once daily in the ensuing 13 days, steady-
state plasma concentrations were rapidly
attained and maintained, with no accu-
mulation observed. Findings from these
studies support the further evaluation of
LX9211 for treatment of DPNP.

Herein we report results from a phase
2 proof-of-concept trial, RELIEF-DPN 1, that
was conducted to test the hypothesis that
LX9211 is more efficacious than placebo
for reducing NP among adults with DPNP.

RESEARCH DESIGN AND METHODS

Ethics Practices
Independent review boards approved the
study protocol, its amendments, and the
patient informed consent form. The study
was conducted in accordance with good

clinical practice and applicable regulatory
requirements. All participants provided
written informed consent before participa-
tion. The study is registered at ClinicalTrials.
gov (clinical trial reg. no. NCT04455633).

Study Population
The trial enrolled adults (aged$18 years)
with a diagnosis of type 1 or type 2 diabe-
tes (16) (HbA1c #11%), a stable antihy-
perglycemic regimen for at least 1 month
prior to screening, BMI between 18 and
40 kg/m2 at screening, confirmed DPN
(Michigan Neuropathy Screening Instru-
ment clinical examination score of $2.5),
and chronic NP (lasting at least 6 months).
Additional eligibility criteria required that
participants rate their DPNP as moderate
to severe (based on average daily pain
score [ADPS] $5) in the 14 days prior to
randomization.

Main exclusions were other painful
conditions that could have confounded
self-evaluation of DPNP, psychiatric co-
morbidities that could interfere with pain
self-assessments, clinically significant sub-
stance or alcohol use disorder, and history
of neurolytic or neurosurgical therapy for
peripheral neuropathy. Use of opioid med-
ications for managing DPNP within the
2 months prior to screening and/or chronic
nonsteroidal anti-inflammatory agents in
the 2 weeks prior to screening was also ex-
clusionary. Individuals could continue med-
ications prescribed for DPNP, including
pregabalin, gabapentin, and antidepressant
medications, that had been taken at stable
doses for $1 month prior to screening
(Supplementary Table 1).

Trial Design, Study Drug, and
Randomization
This double-blind, randomized, placebo-
controlled, multicenter study was con-
ducted from 3 September 2020 to 28
December 2022 at 40 study sites in the U.S.
After a screening period of up to 2 weeks,
eligible participants entered a 2-week
single-blind placebo run-in period, fol-
lowed by a 6-week double-blind treat-
ment period and a 5-week single-blind
safety follow-up period (Supplementary
Fig. 1).

On day 1 of the run-in period, partici-
pants were administered the first dose of
placebo tablets at a research site. On days
2–14, they were instructed to take their
daily dose of study drug before the first
meal of the day with water. All eligible par-
ticipants entered the 6-week double-blind

treatment period and were randomized
(1:1:1) to placebo or one of two doses of
LX9211 (10 or 20mg, once daily). Balanced
randomization was achieved using ran-
domly permuted blocks of six with strati-
fication by pain intensity at baseline. An
Interactive Voice/Web Response System
was used as a central mechanism to as-
sign patients to study treatment. Investi-
gators, study site personnel, participants,
and the sponsor and its designees re-
mained blinded until database lock.

On day 1 of the double-blind period,
the first dose of study drug was adminis-
tered at a research site. Each dose level of
LX9211 was initiated with a loading dose
(10× the maintenance dose) followed by a
daily maintenance dose (Supplementary
Fig. 1). Dose adjustments were not per-
mitted. During the safety follow-up pe-
riod, all participants received a single
placebo tablet daily. At the investigator’s
discretion, participants were allowed to
take up to 3 g acetaminophen/day as res-
cue medication, if needed.

Assessments and Outcome Measures
Sex, race, other demographics, and medi-
cal history at baseline were determined
by self-report of participants.

Several DPNP-related patient-reported
outcomes were assessed. The Brief Pain
Inventory Short Form for Diabetic Periph-
eral Neuropathy (BPI-DPN) is a nine-item
questionnaire for assessment of severity
of pain and its impact on functioning in
people with DPN. It was administered
at baseline and at weeks 2, 4, 6, and 11.
The Neuropathic Pain Symptom Inventory
(NPSI) instrument (17), which includes 10
items related to different pain descriptors
and 2 items on frequency and duration of
pain, was also used to assess NP at base-
line and weeks 6 and 11. The Patient
Global Impression of Change (PGIC) in-
strument (18), a 7-point numerical rating
scale (from 1, very much improved, to 7,
very much worse), was used to rate par-
ticipants’ beliefs about overall improve-
ment at weeks 6 and 11.

Beginning at baseline and through week
11 (or 35 days after end of treatment/pre-
mature discontinuation), each evening par-
ticipants rated the intensity of pain over
the previous 24 h.This rating was based on
participants responding to question no. 5
of the BPI-DPN (19), “Please rate your pain
due to your diabetes by indicating the one
number that best describes your pain on
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the average,” using an 11-point numerical
rating scale (from 0, no pain, to 10, pain as
bad as you can imagine) and recording the
pain severity rating in a daily pain e-diary.
Participants also recorded any use of res-
cue acetaminophen and rated the interfer-
ence of pain with sleep by responding to
question no. 9F of the BPI-DPN (11-point
numerical rating scale from 0, does not in-
terfere, to 10, completely interferes).

Efficacy End Points

The primary efficacy end point was the
change from baseline to week 6 in ADPS.
Secondary efficacy end points included
change from baseline to week 6 in BPI-DPN
and NPSI scores, and the PGIC at week 6.

Assessments of Safety

Safety was assessed through monitoring
of AEs, vital signs, electrocardiogram find-
ings, and laboratory parameters.
An independent data monitoring com-

mittee (DMC), whose members did not
participate in patient care or efficacy/
safety assessments, reviewed unblinded
safety data after 25%, 50%, and 75% tar-
get enrollment. No safety signal of con-
cern was raised by the DMC.

Statistical Analyses
All randomized participants who received
at least one dose of study drug in the
double-blind treatment period were in-
cluded in the safety analysis set. Efficacy
data were analyzed in a modified intent-
to-treat analysis set, which included all
participants in the safety analysis set.

Sample Size Determination

A sample size of 75 patients per treatment
group was calculated to yield 80% power
to detect a true mean difference of 1 unit
in ADPS change from baseline between at
least one of the LX9211 treatment groups
and placebo, assuming a common SD of 2
and an overall significance level of a =
0.05 (two-sided Dunnett test). With a
dropout rate of 20% accounted for, a total
of 282 patients (94 patients per treatment
group) were enrolled and randomly as-
signed to treatment in a 1:1:1 ratio. This
sample size was adjusted for the multiple
comparisons of each LX9211 treatment
group with placebo.

Efficacy Analyses

We calculated ADPS using all available
daily pain diary data. A minimum of 5 days

for baseline based on week 2 of the single-
blind run-in period and 4 days from the last
week prior to each clinic visit was required
for the calculation of weekly averages.

For the primary end point (change from
baseline to week 6 in ADPS), a mixed-
effects model repeated-measures (MMRM)
approach was used to assess the difference
between LX9211 and placebo. The MMRM
included fixed effects of treatment, week,
treatment-by-week interaction, the ran-
domization factor of baseline pain severity,
and baseline score as a covariate. An un-
structured covariance structure was used
to model the within-patient error. If the
convergence were not met, other covari-
ance structures could have been explored.
A P value of<0.028 was considered statis-
tically significant. This was based on the
Dunnett test comparing each of the two
treatments versus placebo, with an ad-
justed significance level to preserve an
overall type I error a = 0.05. The primary
end point was analyzed for subgroups by
sex, by baseline pain severity (moderate
[ADPS 5–7] or severe [ADPS 8–9]), and by
use of medications for DPNP at baseline.

PGIC response at week 6 was analyzed
with an ANOVAmodel with treatment and
randomization stratum of baseline pain se-
verity (moderate, severe) as independent
variables. In post hoc analysis, time to initi-
ation of rescue medication was analyzed
with a Cox proportional hazards model
with stratification by randomized base-
line pain severity.

Interim Efficacy Analyses

A prespecified interim efficacy analysis for
futility, using a two-sided overall a = 0.05
O’Brien-Fleming group sequential test, was
planned after the first 141 participants had
been accrued and followed to the end
point at week 6 or discontinued the trial—
whichever occurred first. The DMC recom-
mended continuing the study without an
adjustment of sample size.

Safety Analyses

Safety was assessed through evaluation
of all reported AEs, actual and change in
clinical laboratory values, vital signs, and
electrocardiograms. Baseline for comput-
ing the change in safety variables was the
observation measure before the first dose
of study drug. No formal statistical signifi-
cance tests were performed for safety
data.

In post hoc analysis, time to early ter-
mination in the double-blind treatment

period was analyzed with a Cox propor-
tional hazards model with stratification
by randomized baseline pain severity. Sub-
group analysis by baseline use of medica-
tions for DPNP was performed with the
same model.

Data and Resource Availability
Inquiries regarding specific data and meth-
ods can be made to the corresponding
author.

RESULTS

Participants and Treatment
A total of 557 participants met the screen-
ing criteria for the RELIEF-DPN 1 study and
were enrolled into the 2-week placebo
run-in period, 319 of whom remained eli-
gible to progress into the double-blind
treatment period (106 participants each
in the LX9211 groups and 107 participants
in the placebo group) (Supplementary
Fig. 2). The double-blind treatment period
was completed by 80.2% of participants
in the low-dose LX9211 group, 66.0% of
participants in the high-dose LX9211 group,
and 94.4% of participants in the placebo
group. All but 1 (in the placebo group) of
295 participants who entered completed
the 5-week safety follow-up period.

Overall, the enrolled cohort included
more men than women (58.6% vs. 41.4%,
respectively), of whom 76.5% were White
and 18.5% Black and 16.9% identified as
Hispanic. Mean (SD) age was 62 (10) years
and BMI 32.1 (4.45) kg/m2. DPN duration
was 6.6 (5.43) years. Three-quarters of the
participants had moderate pain at base-
line, and the others reported severe pain.
HbA1c was 7.7% (1.28%). The treatment
groups were similar with respect to demo-
graphic and clinical characteristics at base-
line (Table 1).

Mean (SD) time of exposure to study
drug during the double-blind treatment pe-
riod was 38.1 (12.7), 35.4 (14.3), and 41.7
(6.0) days for the low-dose LX9211, high-
dose LX9211, and placebo groups, respec-
tively. Adherence to study drug was 93.7%,
93.0%, and 98.9% for the respective treat-
ment groups. More participants in the pla-
cebo group (55.1%) compared with the
active treatment groups (41.5% low-dose,
39.6% high-dose LX9211) were on a con-
comitant drug for relief of DPNP (Table 1).

Efficacy Results
Results for LX9211 showed achievement
of the primary efficacy end point of the
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trial in the low-dose group, demonstrat-
ing a statistically significant reduction in
pain at week 6 in comparisons with pla-
cebo (�1.39 vs. �0.72 for placebo, least
squares [LS] mean [SE] difference �0.67
[0.25], 95% CI �1.16 to �0.18, P =
0.007); results in the high-dose LX9211
group demonstrated numerically greater
improvement in pain intensity in compari-
sons with placebo (�1.27 vs.�0.72 points,
respectively) but did not reach the pre-
specified level of statistical significance
(LS mean difference �0.55 [0.25], 95% CI
�1.06 to�0.05, P = 0.030) (Table 2, Fig. 1).
The treatment effect (LX9211 vs. compar-
ator) was consistent in subgroup analyses
by sex and by baseline use of medica-
tions for DPNP. It was notably larger for
those in the low-dose versus high-dose
LX9211 group among participants with se-
vere DPNP (Supplementary Fig. 3). Treat-
ment effect was larger in the absence of
baseline DPNP medication (Supplementary
Fig. 3).

Improvement of pain from baseline
ADPS favored both LX9211 groups over

the placebo group over the entire 6-week
double-blind treatment period, with sep-
aration from placebo by week 1 and
maintained thereafter (P < 0.05 vs. pla-
cebo at weeks 1, 2, 3, and 4 for both dose
groups and at week 5 for low-dose group).
Rebound pain was not observed during
the 5-week single-blind safety follow-up
period (Supplementary Fig. 4).

The results for other efficacy end points
were generally similar to those observed
for the primary end point (Supplementary
Table 2). The changes from baseline to
week 6 in severity of pain and interfer-
ence of pain with sleep and other aspects
of the patient’s life for the low-dose and
high-dose LX9211 groups were nominally
significantly different from changes for
the placebo group for the categories of
worst pain (P = 0.014 and 0.017 vs. pla-
cebo, respectively) least pain (P = 0.015
and 0.020 vs. placebo), and interference
of pain with sleep (P = 0.005 and 0.002 vs.
placebo). The difference was also nomi-
nally significantly different from the pla-
cebo group for the low-dose LX9211 group

for the category of pain right now (P =
0.005 vs. placebo).

Improvement of pain with LX9211 was
also demonstrated at week 6 for total
NPSI score (significant for the low dose,
P = 0.008, and not the high dose, P =
0.064) and burning pain (P < 0.001 and
P = 0.017 for low dose and high dose
vs. placebo, respectively) (Supplementary
Fig. 5).

More than half of participants (low-
dose LX9211, 63.2% [67 of 106]; high-
dose LX9211, 56.6% [60 of 106]; placebo,
55.1% [59 of 107]) considered overall
health status to be improved after 6 weeks
of treatment, as assessed with PGIC.
Between-group difference versus placebo
was nominally significant only for the low-
dose group (LS mean [SE] �0.35 [0.16],
95% CI �0.67 to �0.03, P = 0.031; high-
dose group �0.15 [0.167], 95% CI �0.48
to 0.17, P = 0.351).

The responder rates for $30% and
$50% reductions in ADPS from baseline
to week 6 were numerically greater for
the low-dose LX9211 group (27.4% and

Table 1—Demographic and other characteristics of participants randomized into the double-blind treatment period of the
RELIEF-DPN 1 study

LX9211 10 mg LX9211 20 mg Placebo Total

N 106 106 107 319

Demographics

Age (years), mean (SD) 63 (9) 62 (11) 62 (10) 62 (10)
Sex, n (%)

Male 58 (54.7) 63 (59.4) 66 (61.7) 187 (58.6)
Female 48 (45.3) 43 (40.6) 41 (38.3) 132 (41.4)

Race, n (%)
White 79 (74.5) 83 (78.3) 82 (76.6) 244 (76.5)
Black 22 (20.8) 18 (17.0) 19 (17.8) 59 (18.5)
Asian 3 (2.8) 1 (0.9) 1 (0.9) 5 (1.6)
Other 2 (1.9) 4 (3.8) 5 (4.7) 11 (3.4)

BMI (kg/m2), mean (SD) 32.1 (4.27) 32.1 (4.58) 32.0 (4.53) 32.1 (4.45)

Diabetes characteristics

Type 1, n (%) 5 (4.7) 5 (4.7) 5 (4.7) 15 (4.7)
Type 2, n (%) 87 (82.1) 83 (78.3) 87 (81.3) 257 (80.6)
Type not reported, n (%) 14 (13.2) 18 (17.0) 15 (14.0) 47 (14.7)
HbA1c, % (mmol/mol), mean (SD) 7.7 (61) 7.6 (60) 7.7 (61) 7.7 (61)
Duration of NP (years), mean (SD) 7.0 (6.15) 6.5 (5.48) 6.4 (4.62) 6.6 (5.43)

Medication use for NP at baseline, n (%) 44 (41.5) 42 (39.6) 59 (55.1) 145 (45.5)

Gabapentin 41 (38.7) 38 (35.8) 54 (50.5) 133 (41.7)
Pregabalin 2 (1.9) 2 (1.9) 3 (2.8) 7 (2.2)
Duloxetine 4 (3.8) 3 (2.8) 7 (6.5) 14 (4.4)
Other 2 (1.9) 2 (1.9) 4 (3.7) 8 (2.5)

Pain intensity*†
ADPS, mean (SD) 6.6 (1.09) 6.5 (1.03) 6.5 (1.15) 6.6 (1.09)
Moderate pain, n (%)‡ 82 (77.4) 82 (77.4) 82 (76.6) 246 (77.1)
Severe pain, n (%)‡ 24 (22.6) 24 (22.6) 25 (23.4) 73 (22.9)

*N = 106, N = 104, and N = 106 for the low-dose LX9211, high-dose LX9211, and placebo groups, respectively. †Scale of 0–10 based on pa-
tient’s answer to question no. 5 of BPI-DPN; higher scores indicate greater pain intensity. ‡Moderate, 5–7; severe, 8–9.
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15.1%, respectively) than for the placebo
group (17.8% and 10.3%) but not for the
high-dose LX9211 group (17.0% and 9.4%).
No statistically significant differences from
placebo were observed.
Analysis of time to initiate rescue acet-

aminophen showed hazard ratio (HR) <1
for LX9211 versus placebo (low-dose
LX9211 HR 0.75, 95% CI 0.45–1.24, and
high-dose LX9211 HR 0.81, 95% CI
0.50–1.34), which indicates a lower risk

for initiating rescue medication for both
LX9211 groups than for the placebo
group over the 11-week study period
(Supplementary Fig. 6).

Safety Results

Treatment-Emergent AEs: Double-blind

Treatment Period

LX9211 was generally well tolerated in
the low-dose LX9211 group. The incidence
of treatment-emergent adverse events

(TEAEs) was higher in the LX9211 groups
(low-dose LX9211 53.8% and high-dose
LX9211 50.9%) than in the placebo group
(29.9%). The most common AEs re-
ported for LX9211-treated participants (in-
cidence >5% for either dose group) were
dizziness, nausea, headache, constipa-
tion, balance disorder, somnolence, and
vomiting, with a dose-dependent trend
noted for dizziness, nausea, constipation,
and vomiting (Table 3). Falls were reported
infrequently: 2 (1.9%) and 1 (0.9%) partici-
pants in the low- and high-dose LX9211
groups, respectively. No AEs of changes in
blood pressure or AEs suggestive of addic-
tive behavior were reported in the active
treatment arms, and treatment with LX9211
did not impact HbA1c orweight.Themajority
of LX9211-treated participants with AEs had
events that were characterized by investiga-
tors asmild (51.5% [52 of 101]) or moderate
(41.6% [42 of 101]). Onset of most TEAEs
was during the first week of treatment, and
most resolved during continued treatment
with LX9211.

Discontinuations Due to AEs During the

Double-blind Treatment Period

The primary reason for early discontinuation
was a TEAE (16.0% for low-dose LX9211,
26.4% for high-dose LX9211, and 3.7% for
placebo). Events leading to premature dis-
continuation of more than two participants
($2.0%) included dizziness, headache, nau-
sea, and fatigue (Supplementary Table 3).
Most of the discontinuations in the low-
dose LX9211 group occurred early, within
the first 2 weeks of the double-blind treat-
ment period. In the high-dose LX9211

Figure 1—LS mean difference in change from baseline in ADPS at week 6. ADPS was derived from participants’ answer to question no. 5 of the BPI-DPN
(“Please rate your pain due to your diabetes by indicating the one number that best describes your pain on the average,” using an 11-point numerical rating
scale [0 = no pain to 10 = pain as bad as you can imagine]). Baseline value was defined as the average of the week 2 run-in period data. A minimum of
4 days (consecutive or nonconsecutive) of daily pain diary data fromweek 5 to week 6 was required for the calculation of mean weekly ADPS at week 6.

Table 2—Change in ADPS* from baseline to week 6 of the RELIEF-DPN 1 study

LX9211 10 mg LX9211 20 mg Placebo

N 106 106 107

Baseline†
N 106 104 106
Mean 6.6 6.5 6.5

MMRM analysis‡

N 87 77 99
Change from baseline to week 6
LS mean (SE) �1.39 (0.19) �1.27 (0.20) �0.72 (0.18)
95% CI for change from baseline �1.77 to �1.01 �1.66 to �0.88 �1.08 to �0.36
P <0.001 <0.001 <0.001

Between-group comparison
LS mean (SE) difference

vs. placebo
�0.67 (0.25) �0.55 (0.25)

95% CI for difference �1.16 to �0.18 �1.06 to �0.05
Two-sided P 0.007 0.030

Week 6 ADPS was calculated with use of daily pain diary data between weeks 5 and 6,
with a minimum of 4 days (consecutive or nonconsecutive) in the week required for the cal-
culation. *The scale is 0–10 based on patient’s answer to question no. 5 of BPI-DPN; higher
scores indicate greater pain intensity. Negative change in score indicates improvement. Neg-
ative difference favors LX92111 over placebo. †Baseline value was defined as the average
of the week 2 run-in period data collected by patients in the daily pain diary, provided that
data for $5 days from that period were available for analysis. ‡MMRM included fixed ef-
fects of treatment, week, treatment-by-week interaction, the randomization stratum of
baseline pain severity (moderate, severe), and baseline ADPS score as a covariate. Unstruc-
tured covariance structure was used to model the within-patient error.
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group, discontinuations continued over
the 6-week treatment period. The likeli-
hood of discontinuation due to an AE dur-
ing treatment was increased with LX9211
compared with placebo, irrespective of
baseline use of DPNmedications.

TEAEs: Safety Follow-up Period

The incidence of TEAEs in the 5-week (pla-
cebo) follow-up period was similar across
the original randomization groups (low-
dose LX9211, 21.2%; high-dose LX9211,
19.6%; placebo, 14.4%) (Table 3). The
most common events reported during the
double-blind treatment period were less
common in the follow-up period (all were
reported for <5% of participants in each
randomization group). None of the events
reported for LX9211 were severe. AEs sug-
gestive of withdrawal were not reported.

Serious AEs

There were two deaths during the double-
blind treatment period: a participant in
the placebo group experienced a TEAE of
coronavirus disease 2019 on day 35 that
resulted in death on day 42, and a partici-
pant in the high-dose LX9211 group expe-
rienced a TEAE of complications related
to type 1 diabetes on day 41 that resulted
in death the same day. Both deaths were
considered unrelated to study drug. Dur-
ing the double-blind treatment period, a

participant (high-dose LX9211) experi-
enced serious AEs, peripheral edema and
orthopnea, that were not considered re-
lated to study drug; no action was taken
regarding study drug, and the events
resolved.

There were no deaths in the 5-week
safety follow-up period. Three participants
experienced serious AEs: atrial fibrillation
and supraventricular tachycardia (one par-
ticipant in the high-dose LX9211 group),
coronavirus disease 2019 (low-dose LX9211
group), and abdominal (lower) pain (pla-
cebo group). None of these were consid-
ered related to study drug, and all resolved.

CONCLUSIONS

Results of this double-blind, multicenter,
proof-of-concept trial demonstrated that
with low-dose LX9211 the primary effi-
cacy end point was achieved of signifi-
cant DPNP reduction in comparisons with
placebo after 6 weeks of treatment in par-
ticipants with moderate-to-severe DPNP.
While the results of high-dose LX9211
also demonstrated numerical pain reduc-
tion, it did not reach the prespecified sig-
nificance level, which may be due to the
higher incidence of TEAEs leading to treat-
ment discontinuation in the high-dose
arm. The reduction of ADPS from baseline
for both the LX9211 groups separated
from the placebo group by week 1 and

was maintained through week 6. This ef-
fect was consistent irrespective of sex and
baseline DPNP drug use. For participants
with severe DPNP, a notably larger differ-
ence from placebo in change in ADPS
from baseline to week 6 was observed for
participants who received low-dose LX9211
than for those who received high-dose
LX9211. The results for other efficacy end
points were generally similar to those ob-
served for the primary end point: for both
doses results were often numerically supe-
rior to placebo, and low-dose LX9211 was
more efficacious. These end points in-
cluded change from baseline to week 6 in
severity of pain and interference of pain
with sleep and other aspects of the pa-
tient’s life, PGIC at week 6, change from
baseline in NPSI total score to week 6, and
change from baseline in NPSI burning pain
subscore to week 6. Additionally, post hoc
analysis showed reduced risk for initiating
use of rescue medications for participants
in the LX9211 treatment groups.

These findings are clinically meaningful
considered in perspective with the chal-
lenge of treating painful DPN at the point
of care and considered in comparison
with findings of other interventional tri-
als. In DPNP clinical trials with pregabalin,
for instance, the magnitude of reduction
in pain from baseline for the placebo
group has been reported between �0.88
and �2.54 (20), while for duloxetine it
was �0.90 (21). In a very recent study by
Tesfaye et al. (10), monotherapy with
amitriptyline, duloxetine, and pregabalin
resulted in a change from baseline to
week 6 of �2.9, �2.8, and �2.5, respec-
tively, on a daily pain numerical rating
scale. In the absence of a placebo group
in that study, comparison of the reduction
in the magnitude of pain is difficult, as it
was previously demonstrated that the
placebo response could vary depending
on study design. In another key differ-
ence, in the study by Tesfaye et al. (10),
all participants were washed out of their
baseline therapy prior to starting the 6-
week longmonotherapy arm of the trial.

Although TEAEs were more frequent
with both doses of LX9211 than with pla-
cebo, the drug was in general well toler-
ated in the low-dose LX9211 arm, with
79% completing the double-blind treat-
ment period with 94% adherence to study
drug. Dizziness was the most reported
TEAE (15% in the low-dose arm). In com-
parison, 18% of the participants in the
pregabalin group and 8% in the duloxetine

Table 3—Summary of the most frequently reported* TEAEs

LX9211

Placebo10 mg 20 mg

Double-blind treatment period, N 106 106 107
Any AE 57 (53.8) 54 (50.9) 32 (29.9)
Dizziness 16 (15.1) 29 (27.4) 2 (1.9)
Nausea 9 (8.5) 12 (11.3) 3 (2.8)
Headache 9 (8.5) 10 (9.4) 4 (3.7)
Constipation 4 (3.8) 8 (7.5) 3 (2.8)
Balance disorder 6 (5.7) 5 (4.7) 0
Somnolence 7 (6.6) 2 (1.9) 0
Vomiting 2 (1.9) 7 (6.6) 2 (1.9)

Placebo safety follow-up period, N† 99 92 104

Any AE 21 (21.2) 18 (19.6) 15 (14.4)
Dizziness 1 (1.0) 1 (1.1) 2 (1.9)
Nausea 0 3 (3.3) 1 (1.0)
Headache 1 (1.0) 0 2 (1.9)
Constipation 0 0 0
Somnolence 0 1 (1.1) 0
Vomiting 0 2 (2.2) 0

Data are n (%) of participants unless otherwise indicated. *Defined as >5% of participants
in either LX9211 group during the double-blind treatment period. Data are presented in de-
scending order of incidence for all LX9211-treated participants. †Incidence was <5% for
each TEAE reported in the placebo safety follow-up period. Data are presented for the most
common TEAEs reported during the double-blind treatment period.
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and amitriptyline groups in the study by
Tesfaye et al. (10) reported dizziness. It
should be noted that in that study, partici-
pants were allowed to gradually titrate to
a maximum tolerated dose over a 2-week
period. In contrast, in the RELIEF-DPN 1
study, participants were administered a
high loading dose (10× the maintenance
dose) on day 1, which may have contrib-
uted to the early incidence of TEAEs in the
study.
Currently standard of care for DPNP

either as monotherapy or combination
therapy provides only modest pain relief
for most patients and is often associated
with dose-limiting side effects (10). Thus,
in this trial, relevant to contemporary pa-
tients as seen in clinical care, participants
were allowed to continue their baseline
medication for DPNP. Approximately 55%
of the participants in the placebo group
were on baseline DPNPmedication (mostly
gabapentin) compared with 42% and 40%,
respectively, in the low-dose and high-dose
LX9211 groups. Treatment with LX9211 re-
sulted in reduction in ADPS both in the
presence and absence of baseline DPNP
medication use, with the reduction numer-
ically greater in the absence of baseline
DPNPmedication.
Importantly, DPNP remains very chal-

lenging to treat in daily practice, with lim-
ited treatment options. Despite a lack of
supportive clinical evidence, the use of
opioids in the treatment of DPNP remains
high, with�53% of patients using opioids
for pain management and 33% using it
as first-line treatment (22). More recent
data from large managed care cohorts
show that a majority of people with DPNP
continue to be treated with opioids as
first-line therapy (23) leading to very high
associated risks and complications includ-
ing death (24). This substantiates the need
for new therapeutic options in this patient
population. It should be noted that the
high percentage of participants who en-
tered the trial without baseline DPNP
medication is similar to that previously
reported (23).
Results of the RELIEF-DPN 1 study sup-

port the hypothesis that LX9211 may be
an efficacious treatment for moderate-
to-severe pain due to DPN. These findings
reflect a promising breakthrough in the
clinical management of a debilitating con-
dition for which currently used pharma-
cotherapies provide only modest pain
relief for fewer than half of affected pa-
tients (10).

These data should be viewed as a
phase 2 proof-of-concept study, thus lim-
ited by a relatively short treatment dura-
tion and enrollment of participants only
in the U.S. Notwithstanding these limita-
tions, in this proof-of-concept study the
primary efficacy end point was met, sup-
porting the translation of AAK1 as a novel
therapeutic target for treating NP, as ob-
served in animal models, to benefits with
the AAKI inhibitor LX9211 in painful DPN.

Further investigation is needed to con-
firm our clinical findings. To this end, a
dose-ranging phase 2b clinical study of
LX9211 in DPNP is in progress.
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