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Abstract

Objective. Evaluate the analgesic/antihyperalgesic
effects of ASP9226, a state-dependent N-type
voltage-gated calcium channel inhibitor, in healthy
male subjects.

Design. Randomized, double-blind, double-dummy,
placebo- and active comparator–controlled cross-
over study.

Setting. HPR Dr. Schaffler GmbH, Munich, Germany.

Subject. Healthy male subjects aged 18–55 years.

Methods. Twenty-four eligible subjects were ran-
domly assigned to one of four treatment sequences
and received single doses of ASP9226 (30 mg or
50 mg), pregabalin (150 mg), or placebo during four
treatment periods. Laser-evoked potentials (LEP)
and postlaser pain visual analog scales (VAS) on
capsaicin-treated skin were assessed during main
assessment days (the first day of each study
period). Primary and secondary end points were
the differences in LEP N2-P2 peak-to-peak (PtP)
amplitudes and VAS score, respectively, in all
subjects.

Results. Overall, treatment with pregabalin resulted
in a significantly lower LEP N2-P2 PtP amplitude vs
placebo (–3.30 lV, P < 0.0001). There were no clini-
cally relevant differences in N2-P2 PtP amplitudes
between placebo and either ASP9226 dose
(–0.31 lV and –0.27 lV). Furthermore, subjects
reported significantly lower VAS pain scores with
pregabalin vs placebo (–9.90%, P < 0.0001) in con-
trast to ASP9226 30 mg (–2.1%) and ASP9226 50 mg
(1.2%) vs placebo. Subgroup analysis of LEP and
VAS pain in participants with positive prestudy
capsaicin response (n 5 13) were in keeping with
results in all subjects.

Conclusions. ASP9226 was well tolerated; however,
there was no improvement in LEP and VAS pain
scores with ASP9226 at either dose vs placebo.

VC 2018 American Academy of Pain Medicine.
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Introduction

Voltage-dependent calcium channels (VDCCs) regulate
entry of calcium ions into cells in response to membrane
depolarization and have important roles in the regulation
of a variety of cellular functions, including membrane
excitability, muscle contraction, synaptic transmission,
and gene expression [1]. Electrophysiological and phar-
macological studies have identified at least five distinct
types of calcium channels, designated L-, N-, P/Q-, R-,
and T-type [2]. These calcium channels represent a po-
tential target for the management of pain conditions.
Agents that interact with or inhibit VDCCs have been
shown to exhibit therapeutic properties in peripheral
neuropathic pain (PNP) [3,4]. For example, pregabalin,
an approved gabapentinoid for the treatment of PNP,
interacts with the VDCC and consequently reduces the
influx of calcium ions through the channels to produce
analgesic actions. Pregabalin has been shown to be ef-
fective in several models of neuropathic pain in preclini-
cal and clinical studies; it is active in normal healthy
volunteer experimental models of pain, including those
that invoke central sensitization using intradermal injec-
tions of capsaicin and electrical stimulation. In these
healthy volunteer models, pregabalin is pharmacologi-
cally active at doses that are consistent with approved
doses for PNP, with single-dose administrations demon-
strating antinociceptive/antihyperalgesic effects within
two hours of administration that are sustained for over
six hours [3,5–13]. However, clinically, treatment with
pregabalin is commonly associated with side effects
such as sedation, dizziness, peripheral edema, and dry
mouth [4,14]. Therefore, new treatment options are
needed with improved tolerability and better efficacy.

The human hyperalgesia model with topical capsaicin,
which delivers a constant nociceptive input at the spinal
level, helps to evoke and assess pain in healthy volun-
teers under controlled conditions [15,16]. Thus, the anti-
nociceptive/antihyperalgesic properties of a new
compound can be investigated without confounding
biases (e.g., multimorbidity, comedications) often seen
in patient studies. Topical application of capsaicin on
normal skin stimulates TRPV1 expression of cutaneous
nociceptors to evoke mixed peripheral and spinal sensi-
tization [15,17,18]. The evoked responses in these mod-
els can be assessed using an objective method such as
laser-evoked potential (LEP) and/or a subjective visual
analog scale (VAS) method of assessment [15,16]. The
application of laser technology, as a relatively novel,
alternative, or complimentary technique in human pain
research, has resulted in a major advance in our ability
to generate and interpret well-defined thermonociceptive
sensations (also dependent and interacting in their
mechanisms with applied skin types). The LEP model
has demonstrated construct and predictive validity for
neuropathic pain across numerous compounds with

various mechanisms of action [13,19]. Therefore, the
healthy volunteer LEP model of hyperalgesia and pain is
a valuable tool as it can be used to make predictions to
inform investigators about dose/regimen and efficacy for
the purpose of de-risking a proof of concept (PoC) clini-
cal trial in patients.

ASP9226 is a novel and state-dependent N-VDCC
inhibitor. Here, the results from a phase I study, con-
ducted in healthy male subjects, to evaluate the analge-
sic/antihyperalgesic effects of two different single-dose
administrations (30 mg and 50 mg) of ASP9226 vs an
active control (pregabalin 150 mg, which has shown
single-dose efficacy in the LEP model in healthy sub-
jects [13]), are reported.

Methods

Study Overview

This was a phase I, randomized, double-blind, double-
dummy, placebo- and active comparator–controlled,
single-dose, four-period crossover study conducted at
the Human Pharmacodynamic Research (HPR) Dr.
Schaffler GmbH site in Munich, Germany (EudraCT
number 2014–000492-79). The study protocol was ap-
proved by the local Independent Ethics Committee
(BL€AK, Munich, Germany) and the Competent Federal
Authority (BfArM, Bonn, Germany) prior to study initia-
tion. An Independent Ethics Committee–approved writ-
ten informed consent was obtained from each subject
prior to the initiation of any study-specific procedures.
This study was conducted in accordance with the
Declaration of Helsinki in its actual revision status, Good
Clinical Practice (GCP), International Conference on
Harmonization (ICH) guidelines, and applicable regula-
tions and guidelines governing clinical study conduct
and ethical principles.

Study Design

The study consisted of a 21-day screening assessment
period (days –21 to –1) followed by four consecutive
study periods (Williams square design), each consisting
of seven days (Figure 1). During the screening period,
subjects underwent standard screening procedures,
were genotyped for CYP2D6 polymorphism, and had
their individual laser pain threshold (LPT) measured by
day –7. The LPT was determined on normal untreated
skin by the application of CO2 laser (radiant-heat) stimuli
of increasing intensity, which was then kept constant for
each subject for all LEP nociceptive sessions, throughout
the study. Following LPT determination, subjects re-
ceived their first capsaicin application. Capsaicin re-
sponse was measured via stimuli with ascending
weighted needle impact (weight in mN, standard impact
range ¼ 1–512 mN) on the restricted area of secondary
flare (Quantitative Sensory Testing) until feeling pain;
results were then used as an exploratory marker to
investigate and optimize the predictive value of the
capsaicin response during screening. Subjects who
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demonstrated positive capsaicin skin effects (capsaicin-
positive subgroup) were defined as participants who
showed higher precapsaicin weighted needle test
results compared with postcapsaicin application.

Eligible subjects were randomly assigned to one of four
treatment sequences and received single doses of
30 mg ASP9226, 50 mg ASP9226, 150 mg pregabalin,
or matching placebo (double-dummy) in four periods.
The first day of each study period was the main assess-
ment day and was followed by a six-day washout pe-
riod. Several LEP and VAS pain testing sessions were
performed on capsaicin-treated skin during the main as-
sessment days to assess the analgesic/antihyperalgesic
effects of ASP9226 and the positive control (pregabalin).
Single-dose (150 mg) pregabalin administration orally
has demonstrated pharmacologic activity in the LEP
model (in capsaicin, UV, and normal skin conditions) vs
placebo [13]. Upon the completion of the four study
periods, or after early withdrawal, subjects had their
end-of-study visit (ESV). All study participants and the
study investigator were blinded to treatment. To main-
tain blinding, all subjects received the same number of
tablets and capsules, and a double-dummy approach
was used during all study periods.

Study Subjects

Twenty-four healthy male subjects (aged 18–55 years) of
Caucasian origin with a body mass index of �18.5–
30.0 kg/m2, body weight of �50 kg, type II–IV skin
(Fitzpatrick classification)-covering 90% of the appear-
ance in the Middle European population-and a CYP2D6
extensive or intermediate metabolizer genotype, were
eligible for enrollment. Subjects and their female spouse
of childbearing potential were required to be using
highly effective contraception (consisting of two forms of
birth control/double-barrier) at screening, throughout the
study period, and for 90 days after the final study drug
administration. Subjects were not required to be naı̈ve
to LEP application.

Subjects were excluded if they had known or suspected
hypersensitivity to ASP9226, pregabalin, capsaicin, or
any components of the formulations used. Subjects
were also excluded if they had an abnormal liver func-
tion test above (1.5�) the upper limit of normal, a clini-
cally significant history of allergic conditions, or history
or evidence of any clinically significant disease or malig-
nancy, as judged by the medical investigator. In addi-
tion, subjects with febrile illness or symptomatic, viral,
bacterial, or fungal (noncutaneous) infection within one
week of the first assessment day were excluded.
Furthermore, the following subjects were excluded:
those with acne, eczema, scars, or tattoos at the site
of exposure to laser and/or capsaicin; those who used
topical drugs or cosmetics on the sites where laser and/
or capsaicin were applied; and who used any pre-
scribed or nonprescribed drugs in the two weeks prior
to period 1 day 1, except for the occasional use of
paracetamol for pain (up to 2 g/d, but not within
24 hours before screening or main assessment days).

Study End Points

The primary end point was the difference in LEP N2-P2
peak-to-peak (PtP) amplitudes (lV) between ASP9226
and placebo, on capsaicin-treated skin. The secondary
end point was the difference in postlaser pain visual an-
alog scales (VAS pain; 0–100 mm expressed as %).
Additional measurements included pharmacokinetic (PK)
analysis, as well as safety and tolerability of ASP9226
and pregabalin.

Study Assessments

For LEP assessments, random sites on the skin of the
back were pretreated with topical capsaicin (standard-
ized 1% alcoholic solution, Extrakt Chemie,
Stadtbergen, Germany), applied in an occlusive mode
for 25 minutes, after which the dressing was removed
and the skin dried. During the interval between capsai-
cin application and dosing, two (thermal) rekindling

Figure 1 Study design. ESV ¼ End-of-study visit
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sessions were given with the CO2 laser (Pulsed
SYNRAD infrared gas LASER model E48-/- 10 W,
SYNRAD Inc., North Bothell, WA, USA)-inducing a
“spinal wind-up” (acting as an additional hyperalgesia
enhancement by delivering added spinal nociceptive in-
put on the primary capsaicin application area). During
each laser session, at least 13 stimuli (each lasting 80
msec) were applied to the treated skin. The first stimu-
lus of the LEP recording was generally rejected, as the
subject becomes acclimated to the procedures and
was not used for online/real-time data processing.
Between each single stimulus, the laser was moved
2–3 mm so that the same skin area was not stimulated
twice. The time interval between two individual nocicep-
tive stimuli randomly varied between four and eight sec-
onds to avoid habituation to, and expectation of, the
laser stimuli in subjects. During each session, to avoid
influences of external disturbing noise, raise and stabi-
lize vigilance, and distract subjects from pain stimulation
and pain sensation expectancy, subjects were exposed
to “white noise” via earphones (with a sound pressure
of 85 dBA) and had to perform an attention-focusing
permanent pursuit tracking task on a computer screen
(i.e., subjects continuously followed a randomly moving
target on-screen by a joy-stick-controlled pursuer, to
keep the distance between both signals as minimal as
possible). In each period, baseline LEP was measured
before dosing, and in hourly sequences (up to eight
hours) postdose, by the Vertex-electroencephalogram
(EEG leads were taken from Vertex/Cz vs right mastoid/
Cbr and evaluated after automatic rejection of eye blinks,
facial electromyography influences, and EEG baseline
drifts; the filter setting was 0.15–30 Hz; data sampling
was done after analog signal amplification by a bio-
processor with a digitization rate of 512 Hz). Immediately
following each laser session, each subject provided a
subjective VAS pain estimation assessment using an
electronic 100 mm VAS on a tablet PC.

Blood (plasma) samples were collected at predose and
hourly (up to eight hours) postdose, after completion of
LEP and VAS sessions, for PK assessment of ASP9226
and pregabalin. Safety and tolerability were assessed
through spontaneous reporting of adverse events (AEs;
MedDRA version 15.1), concomitant medication, vital
signs, clinical laboratory assessments, physical exami-
nation, and electrocardiogram parameters.

Statistical Analyses

Based on the results of a previous study (ASP8477;
EudraCT-number 2011–005122-22), using the same
LEP model, a difference of at least 5.37 mV in the pri-
mary end point between ASP9226 treatment and pla-
cebo was expected; the residual standard deviation was
assumed to be 12.6 mV, and the subject standard devia-
tion was assumed to be 1 mV. Under the aforemen-
tioned assumptions, a total of 24 subjects was planned
(six per treatment sequence). This would allow the study
to have greater than 98% power to detect a difference
between ASP9226 treatment and placebo at the

two-sided significance level of 5% (with no adjustment
for multiple comparisons).

In a meta-analysis of LEP phase I studies comparing
peak amplitude mean values of several analgesics with
proven efficacy (using regression of LEP amplitude vs
VAS pain) in capsaicin-treated skin [19], conducted to
define a threshold of clinical efficacy, we identified that
all active analgesics investigated clustered above a (N2-
P2) PtP amplitude reduction of >2.5 lV. Thus, based
on this finding, the noninferiority margin for this study
was prospectively set as 2.5mV. This was assumed to
have approximately 77% power to evaluate noninferiority
of ASP9226 compared with pregabalin, at a significance
level of 5%, in 24 subjects.

All subjects who were randomized, received at least one
dose of study drug, and provided a valid baseline value
and at least one postbaseline value for the LEP N2-P2
PtP amplitude, were included in the full analysis set. All
subjects who had sufficient plasma concentration data
available to facilitate derivation of at least one PK pa-
rameter, and for whom the time of dosing on the day of
sampling was known, were included in the PK analysis.
All subjects who took at least one dose of study drug
were included in the safety analysis.

Demographic and other baseline characteristics data, as
well as PK and safety data, were summarized using de-
scriptive statistics.

Analyses of treatment differences vs placebo in LEP
N2-P2 PtP amplitudes (lV) from capsaicin-treated skin
of subjects and VAS pain, were performed using the
statistical software package SASTM (version 9.3; SAS
Institute, NC, USA). Analysis of the primary end point
was based on a linear mixed model including sequence
(four levels), period (four levels), and treatment (four lev-
els) as fixed effects, and subject within sequence as a
random effect. All primary response variables were sum-
marized by treatment, and continuous variables were
summarized using descriptive statistics. A secondary
analysis of the primary end point was also performed, in
which the primary analysis model was modified to in-
clude additional fixed effects for session (nested within
period; eight sessions per period) as well as the treat-
ment by session interaction. The secondary end point
was analyzed with VAS pain as the dependent variable.
The subgroup analysis for subjects who demonstrated
positive capsaicin skin effects (n¼13) was conducted
using the same statistical approach as described above
for the respective end points for all subjects (n¼ 24).

Results

Subject Disposition and Baseline Characteristics

A total of 24 subjects were assessed for eligibility and
randomized to the four treatment sequences (six sub-
jects per group). All subjects received at least one single
dose of the study drug and were evaluable for efficacy,
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safety, and PK analysis. Of the 24 subjects randomized,
two were later identified as not satisfying entry criteria.
Both had elevated total bilirubin at screening and were
identified after receiving placebo (treatment sequence:
placebo–pregabalin–ASP9226 30 mg–ASP9226 50 mg)
or after receiving ASP9226 30 mg (treatment sequence:
ASP9226 30 mg–placebo–ASP9226 50 mg–pregabalin).
These subjects were not withdrawn from the study be-
cause the elevated total bilirubin values did not meet
the exclusion criteria for liver safety monitoring. Baseline
characteristics were comparable between the treatment
sequences (Table 1), and none of the randomized sub-
jects discontinued treatment or the study. All subjects
were genotyped as CYP2D6 extensive or intermediate
metabolizer.

Difference in LEP N2-P2 PtP Amplitude and VAS Pain

Overall, treatment with pregabalin resulted in a signifi-
cantly lower LEP N2-P2 PtP amplitude value (26.7 lV)
compared with each dose group of ASP9226 (29.7 lV)
and placebo (30.0 lV; P<0.0001; differences to pla-
cebo are shown in Table 2). The differences in LEP N2-
P2 PtP amplitudes between placebo and either dose of
ASP9226 treatment were below the clinically relevant
margin of 2.5 lV. In keeping with LEP results, subjects
reported a significantly lower VAS pain score with pre-
gabalin treatment (36.6%) compared with ASP9226
30 mg (44.5%), ASP9226 50 mg (47.8%), or placebo

(46.6%; P< 0.0001) (Supplementary Data). The analge-
sic effect of pregabalin on LEP N2-P2 PtP amplitudes
and VAS pain was observed at one to two hours
postdose and was maintained until seven to eight hours
postdose (Figure 2). There was no difference in VAS
pain score between ASP9226 and placebo.

Of the 24 randomized subjects, 13 (54%) were subjects
who demonstrated a positive capsaicin skin response
(capsaicin-positive subgroup, as defined earlier). Results
of this secondary analysis of LEP N2-P2 PtP amplitudes,
and VAS pain score in the capsaicin-positive subgroup,
were similar to the full analysis population. Active control
with pregabalin treatment was observed with significantly
lower LEP N2-P2 PtP amplitudes and VAS pain values
compared with ASP9226 30 mg, ASP9226 50 mg, or pla-
cebo, and there was no difference in LEP N2-P2 PtP
amplitudes and VAS pain score between treatments with
either dose of ASP9226 and placebo (Supplementary
Data).

PK Profiles of ASP9226 and Pregabalin

ASP9226 was rapidly absorbed, with a median time to
reach maximum concentration (tmax) of two hours for
both doses, and a mean maximum concentration (Cmax)
of 40 ng/mL and 67 ng/mL for ASP9226 30 mg and
50 mg, respectively (Table 3). There was a dose-
proportional increase in Cmax and area under the

Table 1 Summary of baseline characteristics in the safety population

Sequences ASP9226 50 mg

ASP9226 30 mg

Pregabalin

Placebo,

Mean (SD)

ASP9226 30 mg

Placebo

ASP9226 50 mg

Pregabalin,

Mean (SD)

Pregabalin

ASP9226 50 mg

Placebo

ASP9226 30 mg,

Mean (SD)

Placebo

Pregabalin

ASP9226 30 mg

ASP9226 50 mg,

Mean (SD)

Total,

Mean (SD)

Parameter (n¼6) (n¼ 6) (n¼ 6) (n¼6) (n¼ 24)

Age, y 30.7 (8.2) 36.8 (12.1) 35.0 (13.7) 31.5 (10.1) 33.5 (10.8)

Weight, kg 75.5 (10.1) 81.5 (12.7) 78.6 (5.6) 77.6 (6.4) 78.3 (8.8)

BMI, kg/m2 23.6 (3.1) 24.1 (3.7) 25.2 (2.1) 23.8 (0.9) 24.2 (2.6)

BMI¼body mass index; SD¼ standard deviation.

Table 2 Pairwise comparisons of LEP N2-P2 PtP amplitudes

Medication 1 Medication 2 Difference,* lV Standard Error Confidence Interval P Value

ASP9226 50 mg Placebo –0.27 0.77 95% (–1.8 to 1.2) 0.726

ASP9226 30 mg Placebo –0.31 0.77 95% (–1.8 to 1.2) 0.684

Pregabalin Placebo –3.30 0.77 95% (–4.8 to –1.8) <0.0001

ASP9226 50 mg Pregabalin 3.03 0.76 80% (2.1 to 4.0) <0.0001

ASP9226 30 mg Pregabalin 2.99 0.76 80% (2.0 to 4.0) <0.0001

ASP9226 30 mg ASP9226 50 mg –0.04 0.76 95% (–1.5 to 1.4) 0.954

LEP¼ laser evoked potentials; PtP¼peak-to-peak.

*Difference reported is for medication 1 vs medication 2.
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concentration-time curve from the time of dosing to
8 hours postdose (AUC8) (geometric means) from the
ASP9226 30 mg to 50 mg dosing; however, given the
intersubject variability in the concentration–time profiles,
there was an overlap in the ranges of individual Cmax

and AUC8 values of the ASP9226 30 mg and 50 mg
dose levels (Supplementary Data). Pregabalin was rap-
idly absorbed, with a median tmax of one hour and a
mean Cmax of 3,484 ng/mL (Table 3).

Safety and Tolerability of ASP9226

No deaths, serious AEs, or treatment-emergent AEs
(TEAEs) leading to drug discontinuation or study discon-
tinuation were reported in this study. Two subjects (8%)
reported TEAEs during treatment with ASP9226 50 mg,
and 12 subjects (50%) reported TEAEs during treatment

with pregabalin, all of which were considered related to
study treatment. No TEAEs were reported during treat-
ment with ASP9226 30 mg (Table 4). All TEAEs reported
during this study were either of mild or moderate inten-
sity. Overall, the most commonly reported TEAE was
dizziness (seven subjects, 29%; six during treatment
with pregabalin and one during treatment with ASP9226
50 mg). There were no clinically significant measure-
ments in clinical laboratory findings, vital signs, or 12-
lead electrocardiogram results.

Discussion

Summary of Study End Points

In this study, the analgesic and antihyperalgesic effects
of single doses of ASP9226 were evaluated and

Figure 2 Mean laser-evoked potential N2-P2 (A) PtP amplitude and (B) VAS pain score: Time course by treatment
group. The dotted horizontal line represents the overall predose baseline. PtP¼peak-to-peak; VAS¼ visual analog scale.
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compared with placebo and pregabalin in a healthy
human subject hyperalgesia pain model using topical
capsaicin. Treatment with ASP9226 (30 mg or 50 mg),
compared with placebo, did not produce a difference
greater than the 2.5mV criteria that was predefined as
the minimal clinically meaningful reduction in LEP N2-P2
PtP. However, treatment with pregabalin 150 mg
showed differences vs placebo in LEP N2-P2 PtP ampli-
tudes well above 2.5 mV, consistent with previous find-
ings in healthy subjects [13], and confirmed the validity
of the study design and method. In keeping with LEP
results, subjects treated with pregabalin reported signifi-
cantly lower postlaser VAS pain ratings compared with
either dose of ASP9226 or placebo. The additional anal-
ysis of the LEP N2-P2 PtP amplitudes and VAS pain
score in the capsaicin-positive subgroup had no signifi-
cant impact on the results of the efficacy end points. In
the smaller number of subjects who belonged to the
capsaicin-positive subgroup, treatment with pregabalin

also produced significantly improved (reduced) LEP
N2-P2 PtP amplitudes and VAS pain outcomes com-
pared with ASP9226 or placebo. There was no differ-
ence in LEP N2-P2 PtP amplitudes between either dose
of ASP9226 and placebo in the capsaicin-positive sub-
group of subjects. The study was not powered to make
comparisons between capsaicin-positive and capsaicin-
negative subgroups.

Predictiveness and Validity of the Human Hyperalgesia
Pain Model

In this study of ASP9226 with the capsaicin/LEP model,
pregabalin performed as expected. Subjects treated
with pregabalin showed a difference compared with pla-
cebo in LEP N2-P2 PtP amplitudes being well above
the 2.5 lV value that was predefined as clinically rele-
vant [19]. The significant difference from placebo was
also observed in the VAS postlaser pain results, and

Table 3 PK parameters for ASP9226 and pregabalin

Study Treatment Cmax, ng/mL tmax, h AUC8, ng*h/mL

ASP9226 (30 mg; n¼24)

Median (min, max) 40.8 (10.6, 65.7) 2.08 (1.05, 4.05) 180 (65, 361)

%CV 39 34 39

GM 36.8 NA 189.1

ASP9226 (50 mg; n¼24)

Median (min, max) 57.4 (30.5, 123.0) 2.05 (1.05, 3.10) 318 (144, 650)

%CV 40 33 40

GM 62.7 NA 325

Pregabalin (n¼24)

Median (min, max) 3,322 (2,508, 5,258) 1.08 (1.05, 2.12) 15,442 (11,778, 18,339)

%CV 19 25 11

GM 3,428 NA 15,290

AUC8¼Area under the concentration-time curve from the time of dosing to 8 h postdose; Cmax¼maximum concentration;

CV¼ coefficient of variation; GM¼geometric mean; NA¼not assessable; PK ¼ pharmacokinetic; tmax¼ time to reach maximum

concentration.

Table 4 Summary of adverse events

Parameter, No. (%) ASP9226 30 mg (n¼ 24) ASP9226 50 mg (n¼24) Pregabalin (n¼24) Placebo (n¼ 24)

Any TEAE* 0 2 (8) 12 (50) 2 (8)

Drug-related TEAE 0 2 (8) 12 (50) 2 (8)

Serious TEAE 0 0 0 0

Incidence of TEAEs occurring in all subjects

Dizziness 0 1 (4) 6 (25) 0

Nausea 0 1 (4) 1 (4) 0

Fatigue 0 0 4 (17) 0

Headache 0 0 0 2 (8)

Somnolence 0 0 1 (4) 0

Vertigo 0 0 3 (13) 1 (4)

AE¼adverse event; TEAE¼ treatment-emergent adverse event.

*TEAE was defined as an AE that started or worsened in severity after first study drug intake.
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both LEP and VAS pain results were sustained up to
the end of the daily experimental observation period.
The LEP N2-P2 PtP profile of pregabalin in this study
was similar to previous data in healthy subjects that
showed reductions in PtP amplitudes of LEPs starting
one to two hours postadministration and maintained for
more than six hours postdose [13].

The study was approached by the investigators from the
standpoint of using the LEP model as a developmental
decision tool. Development of new drug compounds for
treating neuropathic pain has a very high failure rate, due
to positive findings in animal models not always being
translated into clinical efficacy in patients. Compared with
a typical PoC phase II study, the LEP model is sensitive
in a small cohort of healthy subjects, is relatively inexpen-
sive, and is swift to conduct and may prevent exposing a
larger number of patients with PNP to an ineffective com-
pound over longer treatment periods (including treatment
wash-outs). The LEP model has successfully been used
for early clinical development of pain medications [16,20],
and a reduction in PtP amplitude has been reported as a
reliable measure of the magnitude of antinociceptive/anti-
hyperalgesic drug effects [19,21,22]. Given the success
of the LEP model and the study design used here in
identifying compounds with analgesic effects, combined
with the confirmed effect of pregabalin in this study, the
LEP results with ASP9226, at the dose levels tested, pre-
dict that a clinically relevant benefit in pain relief would
not be demonstrated if a phase II PoC study with
ASP9226 in patients with PNP were to be conducted.
Despite this, the current results with pregabalin underline
the predictive validity of the LEP model in healthy human
subjects and further emphasize the value of this model
as a potential decision tool for compounds in early clini-
cal development to de-risk (i.e., probability of success,
dose/regimen) potentially costly and resource-intensive
PoC clinical trials in patients.

Although unpublished promising observations from ani-
mal studies of ASP9226 could not be translated into the
present LEP study in healthy subjects, it is important to
note that preclinical studies of pain in animal models are
fundamentally behavioral measures of reaction time to
heat or other stimuli, which may be one of the reasons
for the failure of translation of pain studies in animals to
humans [23]. Animal behavioral models of pain may not
have construct or predictive validity when used to evalu-
ate novel target mechanisms for neuropathic pain.
Indeed, currently available drugs for PNP, such as pre-
gabalin and duloxetine, were primarily developed for
other indications (epilepsy and depression, respectively)
prior to approval in PNP. As such, their efficacious dose
range and knowledge of target modulation in patients
had been demonstrated prior to assessing for therapeu-
tic effects in neuropathic pain.

Future preclinical models may utilize more objective
measures, such as electrophysiological responses or
imaging, rather than behavioral measures, to improve
model predictivity.

Similarly, using this model, it is difficult to speculate on
the potential efficacy of ASP9226 for spontaneous pain.
ASP9226 was evaluated using the whole-cell patch
clamp method, demonstrating that it inhibited resting
and inactivated N-channels in a concentration-
dependent manner. As ASP9226 is an N-VDCC inhibi-
tor, similar in many ways to pregabalin, and is active
following single-dose administration, it has been inferred
from in vitro and in vivo nonclinical studies that the on-
set of action is fairly rapid (i.e., within 15–30 minutes of
administration). All animal models employ evoked or
stimulated pain behavioral responses; therefore infer-
ences on spontaneous pain using this model in healthy
subjects are difficult compared with traditional animal
experimental models.

PK and Safety Results

ASP9226 and pregabalin were rapidly absorbed. The
intersubject variability in Cmax and AUC8 was similar for
the 30-mg and 50-mg dose levels of ASP9226.
Although the individual Cmax and AUC8 values of both
dose levels of ASP9226 overlapped, there was a dose-
proportional increase in the geometric mean values.
Overall, single oral doses of ASP9226 30 mg and 50 mg
were well tolerated in healthy male subjects in this
study, with a higher incidence of TEAEs reported during
treatment with pregabalin compared with ASP9226.
Although the safety profile of ASP9226 is consistent
with previous unpublished findings, further studies with
longer duration, repeated doses, and in patients with
PNP are needed to fully assess the safety of ASP9226.

Limitations

Although ASP9226 did not meet the predefined criteria
for a clinically relevant response vs placebo or pregaba-
lin treatment in this study, one possible reason for the
lack of response to ASP9226 in the LEP model may be
the doses of ASP9226 chosen for the present study.
Although the doses used were the highest possible,
based on the preclinical safety profile of the compound,
the LEP response was still negative. However, the
plasma concentrations of ASP9226 exceeded the pre-
dicted efficacious concentrations based on in vivo and
in vitro preclinical models. Therefore, there were proba-
bly adequate ASP9226 concentrations available to in-
hibit activity at the N-channel target within the peripheral
nervous system. Higher doses of ASP9226 were not ad-
ministered in this study due to toxicity findings from pre-
vious nonclinical studies. The findings for ASP9226 in
this study are unlikely to be a false negative owing to the
several lines of evidence (e.g., in LEP and pain VAS) that
support the observed lack of analgesic activity with
single-dose ASP9226 administration in this model.
ASP9226 inhibited the resting and inactivated states of
N-VDCCs in a concentration-dependent manner, and
inhibited the inactivated state of this channel with more
potency than at resting state. Importantly, single doses
of ASP9226 administered to in vivo animal models of
evoked pain showed good analgesic activity (unpublished
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findings), thus providing support that the single-dose ad-
ministration of ASP9226 in the current human model of
pain would be acceptable to identify potential analgesic
activity. A further consideration is that preclinical models
of PNP are not predictive of responses in patients with
neuropathic pain, and it would be interesting if the hu-
man LEP results from this study could be replicated in
an animal version of the LEP model. However, the pri-
mary value of this translational healthy volunteer experi-
mental pain model is to make validated predictions in
patients with pain, rather than to validate the predictabil-
ity of the animal models.

Conclusion

Single oral doses of 30 mg and 50 mg ASP9226 were
well tolerated in healthy male subjects. Treatment with
ASP9226 did not induce a response that was consid-
ered to be a clinically meaningful reduction in LEP and
VAS pain. Therefore, there was little confidence that
further development of ASP9226 for the treatment of
PNP would be successful. Subjects treated with prega-
balin, the active control, showed a positive response-
confirming the validity of this study. The results of this
study further support the utilization of human phase I
LEP models in a small number of healthy subjects to
make validated predictions prior to PoC clinical studies
in patients with, among other types of pain, PNP
[13,19–22].

Supplementary Data

Supplementary Data may be found online at http://
painmedicine.oxfordjournals.org.

Authors’ Contributions

KS conducted this study as the Principal Investigator,
and JP was involved in the trial design and interpreta-
tion of the results. All authors provided guidance in the
analysis and interpretation of the data, and provided
contributions to the writing, revising, and review of the
manuscript.

Acknowledgments

The authors would like to thank the volunteers for their par-
ticipation in this trial and Emmanuel Ogunnowo-Bada,
PhD, and Leigh Church, PhD, of SuccinctChoice Medical
Communications (London, UK), for medical writing
and editorial assistance, which was funded by Astellas
Pharma Inc.

References
1 Vink S, Alewood PF. Targeting voltage-gated cal-

cium channels: Developments in peptide and small-
molecule inhibitors for the treatment of neuropathic
pain. Br J Pharmacol 2012;167(5):970–89.

2 Randall A, Tsien RW. Pharmacological dissection of

multiple types of Ca2þ channel currents in rat cere-

bellar granule neurons. J Neurosci 1995;15:

2995–3012.

3 Verma V, Singh N, Singh Jaggi A. Pregabalin in

neuropathic pain: Evidences and possible mecha-

nisms. Curr Neuropharmacol 2014;12(1):44–56.

4 Dworkin RH, O’Connor AB, Backonja M, et al.

Pharmacologic management of neuropathic pain:

Evidence-based recommendations. Pain 2007;132(3):

237–51.

5 Hurley RW, Chatterjea D, Rose Feng M, et al.

Gabapentin and pregabalin can interact synergisti-

cally with naproxen to produce antihyperalgesia.

Anesthesiology 2002;97(5):1263–73.

6 Field MJ, Cox PJ, Stott E, et al. Identification of the

alpha2-delta-1 subunit of voltage-dependent cal-

cium channels as a molecular target for pain medi-

ating the analgesic actions of pregabalin. Proc Natl

Acad Sci U S A 2006;103(46):17537–42.

7 Gustafsson H, Sandin J. Oral pregabalin reverses

cold allodynia in two distinct models of peripheral

neuropathic pain. Eur J Pharmacol 2009;605(1–3):

103–8.

8 Satoh J, Yagihashi S, Baba M, et al. Efficacy and

safety of pregabalin for treating neuropathic pain as-

sociated with diabetic peripheral neuropathy: A 14

week, randomized, double-blind, placebo-controlled

trial. Diabet Med 2011;28(1):109–16.

9 Gilron I, Wajsbrot D, Therrien F, et al. Pregabalin for

peripheral neuropathic pain: A multicenter, enriched

enrollment randomized withdrawal placebo-

controlled trial. Clin J Pain 2011;27(3):185–93.

10 Jensen MP, Gammaitoni AR, Bolognese JA, et al.

The pain quality response profile of pregabalin in the

treatment of neuropathic pain. Clin J Pain 2012;28(8):

683–6.

11 Dworkin RH, Corbin AE, Young JP Jr, et al.

Pregabalin for the treatment of postherpetic neural-

gia: A randomized, placebo-controlled trial.

Neurology 2003;60(8):1274–83.

12 Ifuku M, Iseki M, Hidaka I, et al. Replacement of

gabapentin with pregabalin in postherpetic neuralgia

therapy. Pain Med 2011;12(7):1112–6.

13 Schaffler K, Nicolas LB, Borta A, et al. Investigation

of the predictive validity of laser-EPs in normal,

UVB-inflamed and capsaicin-irritated skin with four

Schaffler et al.

2254

Deleted Text: ,
Deleted Text:  - 
Deleted Text: st
Deleted Text: s
https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnx338#supplementary-data
http://painmedicine.oxfordjournals.org
http://painmedicine.oxfordjournals.org
Deleted Text: s&hx2019;
Deleted Text: c
Deleted Text: ,


analgesic compounds in healthy volunteers. Br J
Clin Pharmacol 2017;83(7):1424–35.

14 Toth C. Pregabalin: Latest safety evidence and clini-
cal implications for the management of neuropathic
pain. Ther Adv Drug Saf 2014;5(1):38–56.

15 Olesen AE, Andresen T, Staahl C, et al. Human ex-
perimental pain models for assessing the therapeu-
tic efficacy of analgesic drugs. Pharmacol Rev 2012;
64(3):722–79.

16 Schaffler K, Reeh P, Duan WR, et al. An oral TRPV1
antagonist attenuates laser radiant-heat-evoked
potentials and pain ratings from UV(B)-inflamed and
normal skin. Br J Clin Pharmacol 2013;75(2):
404–14.

17 Nielsen TA, da Silva LB, Arendt-Nielsen L, et al. The
effect of topical capsaicin-induced sensitization on
heat-evoked cutaneous vasomotor responses. Int J
Physiol Pathophysiol Pharmacol 2013;5:148–60.

18 Lotsch J, Dimova V, Hermens H, et al. Pattern of
neuropathic pain induced by topical capsaicin appli-
cation in healthy subjects. Pain 2015;156(3):405–14.

19 Chizh BA, Priestley T, Rowbotham M, et al.
Predicting therapeutic efficacy—experimental pain in
human subjects. Brain Res Rev 2009;60(1):243–54.

20 Hoeben E, Smit JW, Upmalis D, et al. Dose-re-
sponse relationship after single oral dose administra-
tions of morphine and oxycodone using laser-
evoked potentials on UVB- and capsaicin-irritated
skin in healthy male subjects. Pain 2012;153(8):
1648–56.

21 Schaffler K, Reitmeir P, Gschanes A, et al.
Comparison of the analgesic effects of a fixed-dose
combination of orphenadrine and diclofenac
(Neodolpasse) with its single active ingredients diclo-
fenac and orphenadrine: A placebo-controlled study
using laser-induced somatosensory-evoked poten-
tials from capsaicin-induced hyperalgesic human
skin. Drugs R D 2005;6(4):189–99.

22 Schaffler K, Reitmeir P. Analgesic effects of low-
dose intravenous orphenadrine in the state of cap-
saicin hyperalgesia. A randomised, placebo-
controlled, double-blind cross-over study using laser
somatosensory evoked potentials obtained from
capsaicin-irritated skin in healthy volunteers.
Arzneimittelforschung 2004;54(10):673–9.

23 Vinik AI, Casellini CM. Guidelines in the manage-
ment of diabetic nerve pain: Clinical utility of prega-
balin. Diabetes Metab Syndr Obes 2013;6:57–78.

ASP9226 in Human Algesimetric LEP Model

2255


	pnx338-TF1
	pnx338-TF2
	pnx338-TF3
	pnx338-TF4
	pnx338-TF5
	pnx338-TF6

