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Abstract

Background - The transient receptor potential cation channel
subfamily V1 (TRPV1) receptor is an important factor in pain
transmission. The present Phase 2a study investigated the
effect on evoked pain and safety of a topically administered
TRPV1-antagonist (ACD440 Gel) in patients with chronic per-
ipheral neuropathic pain (PNP).

Methods - This was an exploratory, randomized, placebo-
controlled double-blind crossover study in patients with prob-
able or definite PNP demonstrating sensory hypersensitivity,
assessed as evoked pain on suprathreshold sensory stimula-
tion, i.e. hyperalgesia. The aetiologies included a mix of post-
herpetic neuralgia, postoperative neuropathic pains, and
chemotherapy-induced pain. Patients administered ACD440
Gel twice daily onto the painful area(s) for 7 days. Primary
endpoint was hyperalgesia to brush, cold, heat, and pinprick.
Secondary endpoints included spontaneous pain and
Neuropathic Pain Symptom Inventory Questionnaire (NPSI).
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Due to a significant period effect, a post hoc analysis was
conducted, including only period 1 data, i.e. a parallel group
comparison.

Results — Fourteen patients were enrolled and completed
the study. ACD440 Gel reduced pain intensity evoked by a
40°C thermoroller stimulus in heat hyperalgesic patients,
by ACD440 from median 6 (IQR 4.75, 7.75) to 1.5 (IQR 0.75,
2.25),1.e. by =5.0 (95%CI -11.2, 1.2) vs placebo from median 4
(IQR 3.5, 5.0) to median 5.0 (IQR 4.5, 6.5), i.e. by 1.3 (95%CI
-15, 4.2), p = 0.029. There were no adverse events induced
by study treatment. Evoked mechanical hyperalgesia and
brush allodynia were not significantly affected, p = 0.07.
Conclusion — ACD440 Gel demonstrated a significant
analgesic effect on thermally evoked pain, especially in supra-
threshold heat pain. This is congruent with an attenuation of
thermal hyperalgesia in chronic neuropathic pain patients
with C-fibre mediated pain, while there was no effect on
evoked pain related to AR and AS stimuli. The results support
further clinical development in patients with thermally
induced C-fibre mediated pain.

Keywords: neuropathic pain, TRPV1 antagonist, clinical
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1 Introduction

Neuropathic pain is caused by lesions or diseases of the
somatosensory nervous system, where pain intensity of
clinical relevance affects approximately 10% of the general
population [1,2], out of which 85% is peripheral neuro-
pathic pain (PNP) [3]. Neuropathic pain is often severely
debilitating and has both a severe impact on quality of life
and high direct socioeconomic costs for patients [4,5].
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PNP can be classified by its aetiology as well as by
sensory phenotype. The sensory phenotypes can be classi-
fied into three main categories, namely, sensory loss,
mainly mechanical hypersensitivity and thermal hypersen-
sitivity, each contributing to approximately one third of
cases with PNP [6-8]. All sensory phenotypes are repre-
sented in all aetiologies of PNP, though in somewhat dif-
ferent proportions. The phenotype characterization is most
often verified by quantitative sensory testing, measuring
perception and pain thresholds of a battery of 13 different
somatosensory parameters. However, patients often have
not only allodynia to these sensory stimuli, but also
increased pain on suprathreshold stimulation, hyperal-
gesia. The intensity of pain induced by suprathreshold sti-
mulation has been used as an outcome variable in clinical
trials and also in the clinic, as an assessment of treatment
efficacy, together with reports of spontaneous pain.

The clinical significance of sensory profiles is unclear
[6]. Currently, we have no knowledge of the individualized
based treatment of neuropathic pain or of the mechanisms
underlying a specific pain phenotype. There is some evi-
dence from previous studies that patient profiling can be
used in practice to determine optimal treatment strategies
for subgroups of neuropathic pain patients [8].

Existing treatments for PNP are mostly oral and
include tricyclic antidepressants (TCAs), serotonin-norepi-
nephrine reuptake inhibitors (SNRI), gabapentinoids, and
tramadol. Only two topical treatments are approved: lido-
caine patches and 8% capsaicin patches. In addition, in
severe cases, opioids are prescribed. Overall, the limited
efficacy leaves a majority of patients without sufficient pain
relief. Accordingly, there is a need for analgesics utilizing
other pain targets, specific to certain phenotypes, being
developed to improve treatment efficacy of chronic PNP.

One novel target of potential value as a treatment option
for neuropathic pain is the transient receptor potential cation
channel subfamily V1 (TRPV1), a peripherally expressed
receptor known to play an important role in pain signalling
[9,10]. TRPV1 receptors are located on the peripheral nerve
endings of the unmyelinated C-fibres, and are often upregu-
lated or overexpressed in remaining C-fibre endings in
patients with PNP, causing so called irritable nociceptors, or
sensory hypersensitivity to peripheral stimulation [8,11]. The
TRPV1 receptor is activated by stimuli such as heat, acidity,
and capsaicin, and as such, one of the triggers of pain trans-
duction in the peripheral tissue. Antagonism of the TRPV1
receptors has demonstrated a significant pain reduction in
human experimental pain and in postoperative pain [12,13].
Previous efforts to develop TRPV1 antagonists for the treat-
ment of chronic pain have failed due to systemic target
related side effect [14-16] and a potent, locally administered
TRPV1 antagonist could provide a novel non-opioid
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mechanism to obtain an analgesic effect without the asso-
ciated side-effects and tolerability issues observed with pre-
viously failed oral therapies. AlzeCure Pharma is developing
ACD440 Gel as a topical treatment for PNP in patients with
sensory hypersensitivity, the topical administration avoiding
effects related to high systemic exposure and thus without
compromising side effects.

The ACD440 Gel formulation has previously been
tested in healthy adult subjects, demonstrating >50%
reduction in laser-evoked skin pain compared to placebo,
with very low plasma concentrations, and a favourable
safety profile [17]. This confirms that ACD440 reaches the
epidermal nerve endings.

The current study aimed to confirm that ACD440 Gel
could exert similar efficacy on the TRPV1 receptors in skin
of patients suffering chronic PNP. The present study thus
explored if a twice daily dermal application of ACD440 Gel
for 7 days could reduce the intensity of pain evoked by
suprathreshold stimuli of heat, cold, pinprick, and brush
stroke to the affected painful areas, compared to placebo.

2 Methods

This was a phase 2a, crossover, randomized, single-centre,
double-blind, placebo-controlled study exploring whether
topically administered ACD440 gel, 14 mg/g, can reduce
evoked pain compared to placebo in subjects with PNP
with sensory hypersensitivity. The study was conducted
at a single site, Multidisciplinary Pain Centre at Uppsala
University Hospital, Uppsala, Sweden, in accordance with
the Declaration of Helsinki as adopted by the World
Medical Association in 1964, and lastly amended in 2013.
The study was conducted in accordance with Good Clinical
Practice, after regulatory approval by the Swedish MPA
(EudraCT 2022-000902-82) and ethics approval by the
Swedish SERA (no. 2022-01922-01). The study was preregis-
tered on www.clinicaltrials.gov (NCT05416931).

2.1 Study design and objectives

The key objective of the study was to investigate whether
ACD440 gel, 14 mg/g, can reduce evoked pain compared to
placebo in subjects with PNP with sensory hypersensitivity.

This randomized, double-blind, placebo-controlled,
crossover study encompassed six visits: a screening visit,
two treatment periods of 7 days, with a 14-day washout
period to avoid any carryover effects, and a follow-up visit.
Each treatment period included one baseline visit and an
end-of-treatment visit (Figure 1).
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2.2 Study medication and randomization

Patients were randomized by a computer algorithm to treat-
ment sequence by an independent statistician. Treatment
sequence was randomized in blocks of six (three patients
receiving the sequence ACD440 Gel — Placebo gel, and three
receiving the sequence Placebo gel — ACD440 Gel). The rando-
mization list was kept guarded by the statistician, and for each
patient, the sequence order was put in a sealed envelope, kept
in a locked compartment at the study site. Study drug was
delivered to the study site in kits of three dispensers, one for
each treatment period, delivered to the patients labelled with
study number, randomization number, and treatment
sequence number (period 1 or 2), at the beginning of each
treatment period. The active ACD440 Gel and placebo study
medications were identical in appearance and smell. ACD440
Gel and placebo gel were applied twice daily, based on the
results from a previous study in healthy subjects, where the
effect of a single 1h application lasted for 9-12h [14].

2.3 Study participants

Participants were recruited via several routes, all preap-
proved by the Swedish SERA: Patients already being listed
at the clinic, patients recruited via advertisements in local
newspapers, on local public transportation, geotargeted on
social media, and by referrals from other clinics. For
patients having gained knowledge of the study by public
advertisements, a call centre was set up, conducting a tele-
phone interview, and for patients being potentially eli-
gible, these were guided to the study site for further exam-
inations. A video with information on the exact study
procedures, as a preparatory information before the phy-
sical screening and eligibility visit, with one of the study
nurses informing about the study, was also available for
interested potential study participants.

ACD440

Screening
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For inclusion in the study, subjects had to fulfil all the
following criteria: Signed informed consent, male or female,
age 18-85 years, previously diagnosed with probable or defi-
nite PNP with peripheral sensitivity phenotype, of any
aetiology, and with a history of pain lasting from 6 months
to 10 years. The patients must present with sensory hyper-
sensitivity to one or more of the following sensory stimuli:
mechanical (brush or pinprick), thermal (cold or heat), with
evoked pain intensity of 4-7 out of 10 in numerical rating
scale (NRS) to at least one of the sensory stimuli. The affected
body surface area of sensory hypersensitivity could be up to a
total of 600 cm? Participants with reproductive potential
were required to use effective means of contraception.

Exclusion criteria included body mass index (BMI)
<185kg/m* or >35kg/m? being a pregnant or breastfeeding
woman, liver enzymes (AST and ALT) levels >2 times the upper
limit of normal; any clinically significant neurological disease,
other systemic diseases or conditions potentially interfering
with study assessments, including another concomitant pain
condition with an intensity of >4 out of 10 for which pain
ratings could interfere with study assessments, a Hospital
Anxiety and Depression Scale score of 15 or above; ongoing
HIV or Hepatitis B and/or C, other ongoing infection with fever;
known history of hypersensitivity to study treatment compo-
nents or a history of anaphylactic reactions; dermatological
conditions in the intended treatment areas, including scars
and tattoos; malignancy within the past 3 years (in situ basal
cell carcinoma and squamous cell carcinoma of the skin
exempt); any significant psychiatric disorder, including drug
abuse or dependency; daily intake of opioids at a daily dose of
more than 60 morphine equivalents, use of lidocaine patches
within 7 days or use of capsaicin patches within 4 months prior
to randomization until the follow-up visit; previous participa-
tion in a clinical study within 30 days or 5 study drug half-lives.
Participants were allowed to maintain stable doses of conco-
mitant centrally acting treatment for their neuropathic pain,
including SNRIs, TCAs, gabapentinoids, and low doses of

Placebo

FUP
2 weeks

ACDA440
7 days

Figure 1: Study design. This was a crossover study, with 7 days of study treatment, periods separated by a 2-week washout period without any study

related activities. FUP: Follow-up visit.
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opioids, if at stable doses from 2 weeks prior to screening and
throughout the study period.

2.4 Study specific methodologies

For final evaluation of eligibility as well as for treatment
efficacy, a bedside semi-quantitative sensory test of evoked
pain was conducted for four pain modalities (dynamic
touch, pinprick, cold, and heat) using four different stimuli:
brushing with a soft brush (SENSELab Brush-05, Somedic
SenseLab AB, Sosdala, Sweden), pinprick (8 or 16 mN
depending on body location) (PinPrick Stimulators, MRC
Systems GmbH, Heidelberg, Germany), a cold metal
Thermoroller (6°C), and a hot metal Thermoroller (40°C)
(Somedic SenseLab AB, Sosdala, Sweden) (Figure 2).
Patients rated the perceived pain intensity elicited by these
suprathreshold stimuli. This testing method has been pre-
viously shown to exhibit low intraindividual variability,
high-retest reliability, and low investigator-related test
variability [18,19] and the individual intensity level of the
respective stimulus were set based on age, gender, and
body location [20,21].

2.5 Study objectives and endpoints

The study efficacy endpoints included three types of pain
assessments all collected at study visits: (i) evoked pain at
bedside tests (NRS 0-10) with provocation by brushing,
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pinprick, cold, or heat (ii) spontaneous pain intensity by
recall over the last 24h and (iii) the Neuropathic Pain
Symptom Inventory (NPSI) questionnaire in which patients
recalled their pain patterns over recent days [22,23].

The primary study endpoint was change from baseline
(Day 1 in each treatment period) until Day 7 (14 applica-
tions), in evoked brushing pain score, evoked pinprick pain
score, or evoked cold temperature induced pain score: one
of the qualities for which the patient scored the highest at
baseline.

The primary objective of the study was to compare the
primary endpoint between the active ACD440 Gel and pla-
cebo gel treatment periods. Due to the risk of a period
effect in a cross-over study, results were also planned to
be summarized by treatment period.

Secondary endpoints were: Change from baseline (Day
1 in each treatment period) to Day 7 (14 applications) in
pain intensity by 24 h recall, change from baseline to Day 7
in the average of all four bedside evoked pain scores
(brushing, pinprick, cold, and heat provocation), change
from baseline to Day 7 in NPSI scores, and the patient’s
global impression of change (PGIC) at the end of each treat-
ment period. The PGIC consisted of a numerical scale from
1 to 7, where 1 depicts very much improved, 4 depicts no
difference and 7 depicts very much worsened.

All secondary objectives aimed to compare the end-
points between the active ACD440 Gel and placebo gel
treatment periods. Results were also planned to be sum-
marized by treatment period.

Safety endpoints included number and severity of
reported adverse events (AEs), vital signs, and results
from laboratory safety analyses.

Figure 2: Bedside sensory assessments were conducted for detection and quantification of hyperalgesia to brush, 6°C cold (thermoroller indicated by
blue tape), 40°C heat (thermoroller indicated by red tape), and pinprick. Source: Created by authors.
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Exploratory endpoints included comparing the change in
evoked pain endpoints between the active ACD440 Gel and
placebo gel treatment periods, and comparing changes in
evoked pain in treatment period 1 only between the two
treatments (avoiding any period effect). The latter compari-
sons were also done within hyperalgesia patient subgroups.

The following hyperalgesia patient subgroups were
assessed and included the patients who demonstrated
hyperalgesia in terms of a positive sensory phenotype at
baseline: Patients with brush allodynia, patients with pin-
prick hyperalgesia, patients with heat hyperalgesia,
patients with cold hyperalgesia, patients with thermal
hyperalgesia (including patients with either heat or cold
hyperalgesia) and patients with non-thermal hyperalgesia
(patients with neither heat nor cold hyperalgesia).

2.6 Study procedures

After obtaining informed consent, and collection of demo-
graphic data, medical history, and physical and neurolo-
gical examination, safety laboratory samples were taken
and the area of body surface area to be treated was esti-
mated. The total treatment area could cover an application
of 50 to 600 cm? and constitute of one or two areas, the
latter in cases of bilateral pain. Patients were trained in
application of the ACD440 Gel/placebo gel, to be repeated
in the morning and in the evening, for 7 days (a total of 14
applications). The patient then went home and adminis-
tered the first dose in the evening of Day 1. In the morning
of Day 7 patients came back to the clinic for assessments,
having administered the last study treatment dose.
Assessments of evoked pain, NPSI and PGIC were per-
formed and safety assessments (physical examination, vital
signs, safety laboratory testing) and AEs were collected.
After a two-week washout period, the same procedure
was repeated for treatment period 2. After the completion
of the second study period, patients underwent a follow-up
visit after 14 days.

2.7 Statistical considerations

The sample size calculation was based on the results in a
recently conducted proof-of-mechanism study in healthy
participants, comparing ACD440 Gel and placebo gel, in a
single-session crossover design. Based on these results,
where ACD440 Gel reduced the laser evoked pain by 50%
[14], it was estimated that a 30% reduction of the heat (37 C)
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evoked pain and 2.5% one-sided significance level in a Wil-
coxon signed rank test of the within patient crossover dif-
ference between treatments in the primary endpoint
would require a sample size of 14 randomized patients
out of which 12 study completers, to achieve 80% power
(10% dropout rate).

The full analysis set comprises all randomized
patients. The safety analysis set comprises all participants
having taken at least one dose of study medication. All
preplanned efficacy analyses were performed on the full
analysis set, and all safety analyses were performed on the
safety analysis set. In subgroup analyses, the dataset is
defined per analysis.

The hypotheses that within-subject treatment differ-
ence = 0 was tested using one-sided Wilcoxon signed
rank tests, and would be rejected if p < 0.025. No formal
hypothesis testing was carried out for secondary or
exploratory endpoints. Data are summarized descriptively
as appropriate. Exploratory analyses of change from base-
line in evoked pain and average evoked pain based on
treatment period 1 only (ACD440 Gel vs placebo) were per-
formed using Wilcoxon Mann Whitney tests (parallel
group comparison), for which one-sided p-values < 0.025
were regarded as (descriptively) statistically significant.

All statistical analyses were performed in accordance
with the ICH E9 guideline for Statistical Principles for
Clinical Trials, using SAS® (Version 9.4 or higher, SAS
Institute Inc., Cary, NC, USA).

3 Results

A total of 23 subjects were screened for inclusion and 14
were randomized. There were 8 screening failures. One
participant withdrew from the study prior to randomiza-
tion, for personal reasons. Seven subjects were rando-
mized (1:1) into each treatment sequence. There were no
withdrawals during the study and no subject discontinued
treatment. All 14 subjects (9 females, 5 males) participated
in all treatment sessions, taking place between June 2022
and March 2023). All were of Caucasian ethnicity with a
median age of 70 (range 50-85) years, and average BMI of
24.9 (SD 4.4). Nine of the patients had stable doses of
ongoing medication for their neuropathic pain, 6 were
taking paracetamol, 3 gabapentinoids, 2 opioids and 1 ami-
triptyline. A summary of demography and baseline char-
acteristics is presented in Table 1. All randomized and
treated subjects received treatment over either one or
two body areas. The average treatment area was 261 cm?
(SD 147; range 80-600 cm?). All subjects were included in
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the primary efficacy and safety analyses. At inclusion, 11
subjects presented with cold hyperalgesia (6°C metal ther-
moroller), 9 subjects with heat hyperalgesia (40°C metal
thermoroller), 9 subjects with mechanical hyperalgesia,
and 9 subjects with brush allodynia. Baseline assessments
were collected before the start of each treatment period.

3.1 Efficacy/pharmacodynamics

Baseline pain intensity (most painful evoked pain) for
period 1 was 6.43 (95% CI 4.74, 8.12) and for period 2 it
was 6.21 (95% CI 4.63, 7.80) (Table 2).

The primary endpoint was the change from baseline in
evoked pain defined as the most painful of the pinprick,
cold (6°C) and brush stimuli, with a negative change from
baseline reflecting an improvement for the patient.

A mean treatment difference of 0.63 (95% CI —1.26, 2.53)
was observed between the ACD440 gel and the placebo gel
(ACD440 minus placebo within-subject difference in
change from baseline), p = 757. Hence a placebo effect of

Table 1: Demographics and clinical characteristics of the included patients
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similar magnitude to the observed treatment effect
was seen.

A summary of all pre-planned primary and secondary
evoked pain results is shown in Table 3.

Exploratory analyses were also performed on the four
individual suprathreshold sensory assessments; brush allo-
dynia, pinprick-evoked pain, heat-evoked pain and cold-
evoked pain. Changes from baseline in heat-evoked pain
thresholds were significantly different between treatment
groups: mean -1.79 (95% CI -3.56, —0.01) with CD440 versus
0.43 (95% CI -1.29, 2.15) with placebo, one-sided p-value
0.0117 (Table 4).

The analysis of the primary endpoint was affected by a
sizeable treatment period effect. In patients administered
ACD440 in treatment period 1 the mean within-subject dif-
ference in change from baseline of evoked pain was -1.07
(95% CI —3.04, 0.90), while when ACD440 was administered
in treatment period 2, the mean within-subject difference
was 2.33 (95% CI —-0.88, 5.54). Therefore, post hoc analyses
were carried out, including only the data from the first
treatment period.

Demographics

Gender 5M,9F

Age, years, mean value (SD) 68.5 (9.7)
Weight, kg, mean value (SD) 71.76 (16.04)
Height, cm, mean value (SD) 169.4 (13.0)
BMI, kg/m* mean value (SD) 24.92 (4.42)
History of neuropathic pain, years, median (range) 4.75 (0.7-8.5)

Diagnosis

Postherpetic neuralgia
Postherpetic neuralgia
Postherpetic neuralgia
Postherpetic neuralgia
Postherpetic neuralgia

Median nerve mononeuropathy
Neuroma left leg

Tibial nerve mononeuropathy
Postherpetic neuralgia

Post amputation pain
Postherpetic neuralgia

Post finger amputation pain
Postherpetic neuralgia
Chemotherapy induced neuropathic pain
Concomitant analgesics during trial
Any analgesic

Paracetamol

Gabapentinoids

Opioids

Amitriptyline

9 (64.3%)
6 (42.9%)
3 (21.4%)
2 (14.2%)
1(7.1%)

Gender (M/F)

Age (years) History Treatment order
74 7 years ACD440-placebo
72 1.5 years Placebo-ACD440
72 0.7 years ACD440-placebo
77 5years Placebo-ACD440
68 7 years Placebo-ACD440
55 6 years ACDA440-placebo
50 4.5years Placebo-ACD440
7 1.1years Placebo-ACD440
65 1.3 years ACD440-placebo
69 6 years ACD440-placebo
79 6.3 years Placebo-ACD440
56 2years Placebo-ACD440
85 8.5 years ACD440-placebo
66 2.5years ACD440-placebo
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Table 2: Baseline scores for the respective treatment periods
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Assessment Period 1, Day 1

Period 2, Day 1

Mean value (SD)

Mean value (SD)

All patients Patients with each All patients Patients with each
(N =14) hyperalgesia (N =14) hyperalgesia

Score N NRS Score N NRS
Heat-evoked pain (37°C) 2.8 (3.3) 7 5.6 (2.4) 4.1(3.9) 10 5.8(3.3)
Cold-evoked pain (6°C) 5.4 (3.3) 12 6.3 (2.6) 4.6 (3.7) 12 53((3.4)
Brush allodynia 4.4 (3.6) 10 6.2 (2.6) 4.0 (3.2) " 5.1(2.7)
Pinprick-evoked pain 6.0 (3.5) 13 6.5 (3.2) 5.2 (3.0 13 5.6 (2.8)
Spontaneous pain intensity by 24 h 5.6 (1.4) 5.7 (3.0)
recall
NPSI evoked pain subscore, 5227 4.6 (1.9)
average 24-h recall
NPSI total score 40.5 (16.8) 35.6 (17.7)

Note: Pain intensity for evoked and spontaneous pain was scored by the 0-10 NRS. At the respective baseline, pain scores were similar between
treatment periods 1 and 2. Pinprick pain was evoked by either 8 or 16 mN, based on body location. Neuropathic pain symptom inventory (NPSI) is a

self-reported questionnaire. SD depicts standard deviation.

Table 3: Study results for the pre-planned primary and secondary evoked pain endpoints and the spontaneous 24 h pain recall endpoint

ACD440
(N =14)
Mean value (95% CI)

Assessment

Difference
ACD440 - Placebo
Mean value (95%CI)

Placebo
(N =14)
Mean value (95% CI)

Primary endpoint: Worst evoked pain
Spontaneous pain intensity by 24 h recall
Average evoked pain

-1.80 (-3.07, -0.53)
0.21 (-0.72, 1.15)
-1.13 ( -2.20, -0.05)

-2.43 (-4.16, -0.70)
-0.93 (-1.90, 0.04)
-0.71 (-1.46, 0.03)

0.63 (-1.26, 2.53) (one-sided p = 0.7570)
1.14 (0.01, 2.27)
-0.41 (-1.35, 0.52)

Note: All of these analyses were based on change from baseline for each individual treatment period. A negative change from baseline corresponds
to a reduction in pain intensity score by the 0-10 NRS. Pinprick pain was evoked by either 8 or 16 mN, based on body location.

3.1.1 Efficacy in period 1

Analyses within the first treatment period are based on the
7 patients having received placebo gel and 7 having
received ACD440 Gel, thus as parallel groups. Just like in
the primary analysis, no significant difference was shown
between the changes from baseline in evoked pain at Day 7
after receiving ACD440 compared to placebo (one-sided p =
0.7235), Table 4.

In spite of the sample size being based on previous
data on reduction of heat induced pain, the heat-evoked
pain intensity as part of the primary endpoint was by mis-
take omitted from the study protocol, and thus heat-evoked
pain was not part of the planned primary analysis. One
secondary endpoint, the change from baseline in average
evoked pain (the average of brush allodynia, pinprick-
evoked pain, heat-evoked pain and cold-evoked pain)
showed promising results within period 1 with mean

-2.07 (95% CI -4.18, 0.03) in ACD440 patients and -0.46
(95% CI -1.75, 0.83) in placebo patients, one-sided p =
0.0670. Analyses of all individual suprathreshold sensory
assessments from Period 1 were carried out on the 7 + 7
subjects (Table 4). These analyses revealed a significant dif-
ference in heat-evoked pain with mean change from baseline
-2.86 (95% CI —6.42, 0.70) in ACD440 subjects and 2.14 (95% CI
-0.15, 4.44) in placebo subjects (one-sided p = 0.0058). No other
individual suprathreshold sensory assessment showed signifi-
cant differences between treatment groups.

The four individual suprathreshold sensory assess-
ments from Period 1 were further analysed within the sub-
sets of subjects with heat induced hyperalgesia, thermal
hyperalgesia, and non-thermal hyperalgesia. Patients
with thermal hyperalgesia responded significantly better
to ACD440 than to placebo towards heat-evoked pain, with
mean change from baseline —4.0 (95% CI -9.0, 1.0, N =5) in
the former group and 2.1 (95% CI -0.1, 44, N = 7) in the
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Table 4: Exploratory analyses of bedside evoked pain
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ACD440 mean (95% CI)

Placebo mean (95% CI) One-sided p-value

All patients both periods (N = 14, crossover)

Heat-evoked pain (40°C)
Cold-evoked pain (6°C)
Brush allodynia
Pinprick-evoked pain

All patients period 1 (N* =7 +7)

Worst evoked pain
Average evoked pain
Heat-evoked pain (40°C)
Cold-evoked pain (6°C)
Brush allodynia
Pinprick-evoked pain

-1.79 (-3.56, —-0.01)
-0.79 (-1.94, 0.37)
-0.64 (-1.88, 0.59)
-1.29 (-2.67, 0.10)

-3.07 (-5.21, -0.93)
-2.07 (-4.18, 0.03)
-2.86 (-6.42, 0.70)
-1.29 (-3.60, 1.02)
-1.57 (-4.12, 0.98)
-2.57 (-5.18, 0.04)

Thermal hyperalgesia patients (N* =5 + 7)

Average evoked pain
Heat-evoked pain (40°C)
Cold-evoked pain (6°C)
Brush allodynia
Pinprick-evoked pain

-2.85 (-5.61, -0.09)
-4.0 (-9.0, 1.0)
-1.80 (-5.36, 1.76)
-2.80 (-5.19, -0.41)
-2.80 (-6.96, 1.36)

Heat hyperalgesia patients (N* = 4 + 3)

Average evoked pain
Heat-evoked pain (40°C)
Cold-evoked pain (6°C)
Brush allodynia
Pinprick-evoked pain

-3.38 (-6.84, 0.09)
-5.0 (-11.2,1.2)
-2.25 (-7.18, 2.68)
-3.50 (-5.55, -1.45)
-2.75 (-8.90, 3.40)

Non-thermal hyperalgesia patients (N* = 2 + 0)

Average evoked pain
Heat-evoked pain (40°C)
Cold-evoked pain (6°C)
Brush allodynia
Pinprick-evoked pain

-0.13 (-8.07, 7.82)
0.0000 (0.0000, 0.0000)
0.0000 (0.0000, 0.0000)
1.50 (-17.56, 20.56)
-2.00 (-14.71,10.71)

0.43 (-1.29, 2.15) 0.0117
0.07 (-1.24, 1.38) 0.2471
-0.43 (-2.03, 1.17) 0.3550
-2.93 (-4.70, -1.15) 0.9351
-2.86 (-5.48, -0.23) 0.7235
-0.46 (-1.75, 0.83) 0.0670
2.14 (-0.15, 4.44) 0.0058
-0.57 (-3.34, 2.20) 0.2990
-0.14 (-3.45, 3.17) 0.1987
-3.29 (-6.20, -0.38) 0.7005
-0.46 (-1.75, 0.83) 0.02335
2.1(-0.1, 4.4) 0.00505
-0.57 (-3.34, 2.20) 0.2519
-0.14 (-3.45, 3.17) 0.10605
-3.29 (-6.20, -0.38) 0.6414
-0.50 (-3.35, 2.35) 0.05715
1.3 (-15,4.2) 0.02855
1.00 (-1.48, 3.48) 0.12855
-0.67 (-10.71, 9.37) 0.22855
-3.67 (-7.46, 0.13) 0.6857

Note: A negative change from baseline corresponds to a reduction in pain. Worst evoked pain depicts the highest pain intensity of suprathreshold
stimulation of the worst of brush allodynia, pinprick-evoked pain, and cold-evoked pain. Average evoked pain depicts the average pain intensity of
brush allodynia, pinprick-evoked pain, heat-evoked pain, and cold-evoked pain. Pinprick pain was evoked by either 8 or 16 mN, based on body

location. *depicts number of ACD440 patients + placebo patients.

latter (one-sided p = 0.00505), Figure 3a. The thermal hyper-
algesia subjects consist of subjects with heat or cold hyper-
algesia at baseline. The difference in response to heat-evoked
pain is also statistically significant looking only within the
heat hyperalgesia subjects, mean change from baseline
-5.0 (95% CI -11.2, 1.2, N = 4) in ACD440 subjects and 1.3
(95% CI -1.5, 4.2, N = 3) in placebo subjects, Figure 3b.

3.1.2 Patient reported outcomes

Neuropathic Pain Symptom Inventory (NPSI): At the
ACD440 Gel baseline assessments, the NPSI total score
mean was 36.71 (SD 18.76), and at the placebo gel baseline
the mean was 39.36 (SD 17.27).

Instead, considering only the period baselines, indepen-
dent of treatment allocation, at the Period 1 baseline, the

mean NPSI score was 40.5 (SD 17.4) which was not different
to the period 2 baseline, 35.6 (SD 18.3). (There was also no
difference in mean change from baseline between ACD440
Gel and placebo gel, mean 9.79 (SD 14.53; 95% CI 1.40, 18.17).

Patient Global Impression of Pain (PGIC): There was
no difference between treatments at Day 7 in either treat-
ment period. There was no difference between ACD440 Gel,
(mean 3.86, SD 1.10) and placebo (mean 4.71, SD 1.33) on Day
7, mean —0.86 (SD 1.61; 95% CI -1.79, 0.07).

3.1.3 Pharmacokinetics

Blood samples were collected at the baseline visit before
each study treatment period, and on the last day of each
treatment period. Samples have been saved in a biobank
for later analysis.
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Figure 3: The Y-axes show change from baseline in heat-evoked pain, for
which a negative value reflects a response. NRS: Numerical rating scale.
(a) Patients demonstrating thermal hyperalgesia at baseline responded
significantly better to ACD440 Gel (N = 5) vs placebo gel (N =7) on change
from baseline in heat-evoked pain, one-sided p = 0.00505. (b) Patients
demonstrating heat hyperalgesia at baseline responded significantly
better to ACD440 Gel vs placebo gel on change from baseline in heat-
evoked pain, one-sided p = 0.02855.

3.2 Safety

There were 6 AEs reported by 6 out of the 14 subjects
(42.9%). All AEs were of mild intensity and were assessed
as unlikely to be related to the study treatment. The AEs
were equally reported between the two treatments
(ACD440 and placebo), and include one case each of atrial
fibrillation, nausea, nasopharyngitis, cough, rash, and wor-
sened pain. There were no AEs related to abnormal labora-
tory values, vital signs, or other safety assessments.
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4 Discussion

The present exploratory Phase 2a, randomized, single-
centre, double-blind, placebo-controlled crossover study
was conducted in patients with chronic PNP with sensory
hypersensitivity. The study failed to reach a significant
treatment effect on the primary variable, i.e. reduction in
evoked pain in the sensory domain where the participant
reported his/her worst pain during the respective baseline
assessment. This was considered to be due to a statistically
significant period effect. Therefore, a secondary analysis
including only data from the first treatment period (seven
participants receiving ACD440 Gel and seven participants
receiving placebo) was conducted, which shows that there
was a significant reduction in pain evoked by suprathres-
hold heat stimulation by topical application of ACD440 Gel
vs placebo gel. In a subsequent post hoc analysis, including
only patients presenting with thermal hyperalgesia at the
screening visit, the effect was even greater. This data alto-
gether confirms that the gel formulation effectively pene-
trates the skin surface and reaches the target of TRPV1
receptors. The current results should therefore be inter-
preted as a successful translation from healthy subject
proof-of-mechanism [14] to proof-of-mechanism in chronic
PNP patients. The overall treatment effect suggests that
ACD440 Gel may be effective in reducing pain where
TRPV1 receptor mechanisms are important in the initiation
or maintenance of pain, e.g. to heat-evoked pain.

Overall, the study did not demonstrate efficacy of
ACD440 in reducing pain evoked by brush stroke, or by
suprathreshold cold or pinprick stimulation. However,
reduction in suprathreshold temperature evoked pain in
general was significantly larger after ACD440 Gel was
applied compared to placebo gel.

Considering the significant period effect seen in this
study, this may be seen as a limitation of the study. In
clinical trials of analgesics, placebo responses in reported
pain intensity are often substantial. Well-known factors
affecting the placebo response include frequent site visits
[24]. These were challenging to avoid in this short trial.
Also, the investigator—patient personal interactions are
known to increase the risk of a placebo effect. A further
very important factor may well be the possibility of poten-
tially receiving an efficacious treatment after several failed
treatment attempts. Any study design must be aware of
these risks and avoid them as best as possible. It could
be expected that a randomized crossover study design
could reduce some of these sources, but as evident from
this and other studies [25], other factors than randomiza-
tion do play a role here, as seen by the clearer results in the



10 — Adriana Miclescu et al.

period-1 only analyses. Of course, any carryover effects,
with remaining drug effects not being sufficiently washed
out would affect the outcome, though this is highly unlikely
in the present trial. In order to avoid the natural variability
in pain intensity over time, the present study had indivi-
dual baseline data for the respective treatment periods.
The findings of the present trial are also aligned with ana-
lyses of Gillving and coauthors, demonstrating that placebo
responses in a crossover trial do not seem to be associated
with age, sex, duration of pain, sensory profile, or treat-
ment sequence [26].

In this study, we could not detect any change in overall
spontaneous pain nor NSPI or its sub-scores. This may be
due to the short study treatment duration and small
sample size, neither overall spontaneous pain nor NSPI
overall or its subscores were expected to change over the
7-day treatment duration. The response to a questionnaire
interrogating about perceived evoked pain, may of course
be impacted by the participant’s avoidance of any known
painful stimuli. Further, the NPSI does not include any
question regarding heat evoked pain. As demonstrated
by Vollert et al. [7], the sample size for a clinical trial based
on a phenotype stratification, including patients with heat
hyperalgesia, would require screening of close to 100
patients for a crossover trial, and be predominantly of an
aetiology that is not painful diabetic polyneuropathy. In
published data on treatments for neuropathic pain,
whether topical or systemic (duloxetine), the first efficacy
signal of a clinically relevant magnitude was not detected
until after 3-4 weeks of treatment [27,28]. In a clinical
healthcare situation, around 6 weeks is a standard treat-
ment duration of trying out the treatment response of a
new treatment [29]. Thus, the overall analgesic effect of
ACD440 Gel needs to be further evaluated in larger trials
of a longer treatment duration, in order to evaluate the
optimal segment of patients who would benefit from treat-
ment with a topical TRPV1 receptor antagonist.

The self-reported NPSI questionnaire is an instrument
designed as a tool to screen for possible neuropathic pain,
and thus for use across neuropathic pain patients. Not all
aspects that it addresses relates to the phenotypic phe-
nomena linked to PNP with sensory hypersensitivity. In
addition, it must be noted, that the questions in the NPSI
asks about the subjective perception of the respective phe-
nomenon during the last 24 h, not a standardized assess-
ment. In daily life, provocations known to be painful could
be wilfully avoided, or unwilfully more forceful, the NPSI
hence displays a score that is not directly comparable to
the standardized testing situation. Based on the specific
phenomena addressed by a topical study treatment, only
affecting pain related to the presence of nerve endings in
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the epidermal tissue [8], only a subset of the NPSI self-
reported items related to evoked pains were of direct
interest and utilized in this study, namely, questions 8-10.

Topical treatment with patches of the TRPV1 receptor
agonist Qutenza® (capsaicin 8%, Griinenthal GmbH) has
demonstrated good overall analgesic efficacy in PNP,
with a duration of 3 months. However, the overall num-
bers-needed-to-treat is on average 11 [30], meaning that a
limited proportion of study participants had a very good
treatment response. These treatments require application
in-house in a healthcare setting, as the application of the
patch is painful and often requires complementary analge-
sics. Furthermore, the healthcare professional adminis-
tering the treatment needs to use protective gear. Thus, a
topical treatment without any demonstrated side effects
would constitute a favourable treatment option.

Interestingly, an analysis of response predictors to the
8% capsaicin patch identified lack of peripheral hypersen-
sitivity, in addition to pain intensity of <4/10 as positive
predictors, rather than a phenotype representative of a
high presence of TRPV1-receptors [31].

The topic of personalized treatment has become of
increasing interest, because of the high failure rate in the
development of new treatments for chronic pain with few
drugs providing a sufficient analgesia. A wide array of
incompletely understood mechanisms behind different
aspects of PNP may likely be the reason for the low focus
on providing a personalized treatment. The challenge of
different underlying mechanisms, phenotypes, and pos-
sibly also of different underlying aetiologies are discussed
by Vollert et al. and by Finnerup et al. [7,8].

Within the patient population of peripheral chronic
neuropathic pain, the subgroup expressing a thermal
hypersensitivity constitutes a minority of patients, for
whom the specific therapeutic options are very limited.
These patients, who can be identified with a simple bedside
test can be expected to be especially benefited by a topical
TRPV1-receptor antagonist, as a monotherapy or in addi-
tion to other analgesics.

A topical treatment with a TRPVI1-antagonist such as
ACD440 Gel has potential as a treatment for chronic PNP
with hypersensitivity, as well as for other dermatological
indications, e.g. painful skin diseases, chronic itch, pain,
and itch in psoriasis. Based on the successful early devel-
opment of Novartiss TRPV1 antagonist libvatrep being
developed for the topical treatment of postoperative and
chronic corneal pain, this could also be a future
avenue [32].

Taken together, and notwithstanding the placebo and
treatment period effect, the data in this study suggest that
ACD440 is safe and well tolerated in the patient population
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and supports the use of an extended treatment period in
future studies. The data also suggest that ACD440 may have
a beneficial effect on sensitivity to temperature-evoked
pain in PNP patients with thermal hypersensitivity.

5 Conclusion

ACD440 Gel (14 mg/g) significantly reduced pain evoked by
suprathreshold thermal stimulation in patients with chronic
PNP of different aetiologies, displaying sensory hypersensi-
tivity, mostly patients with refractory pain after postherpetic
neuralgia. The positive results support further clinical devel-
opment of ACD440 Gel as a future treatment of PNP with
predictive response in a specific pain phenotype with pre-
served nociceptors demonstrating a sensory thermal hyper-
algesia, or potentially other painful skin conditions.
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