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Purpose: ASP0819 is a novel, non-opioid Kc,3.1 channel opener that reverses abnormal
nerve firing of primary sensory afferent nerves. Currently available treatments for fibromyal-
gia provide only modest relief and are accompanied by a host of adverse side effects.
Patients and Methods: In this phase 2a, double-blind trial (NCT03056690), adults
meeting fibromyalgia diagnostic criteria were randomized 1:1 to receive either 15 mg/
day of oral ASP0819 (n=91) or placebo (n=95). The primary endpoint was the change
from baseline to Week 8 in the mean daily average pain score. Changes in the
Fibromyalgia Impact Questionnaire Revised (FIQR) symptoms, function, and overall
impact subscales, as well as changes in the patients’ global impression of change, were
secondary endpoints; treatment effects on FIQR total score and impact on sleep were
exploratory analyses.

Results: There was no statistically significant difference between ASP0819 and placebo for
the primary endpoint (P=0.086); however, ASP0819 versus placebo significantly improved
daily average pain at Weeks 2, 6, and 7 (all P<0.05). Numerical improvements were
observed on the FIQR total score and several sleep items showed statistically significant
improvements with ASP0819 versus placebo. There were no major safety concerns with
ASP0819. Headache was the most common treatment-emergent adverse event (TEAE)
occurring in both study arms; most TEAEs were mild or moderate in severity and no
TEAESs suggestive of potential drug abuse were observed, as assessed by TEAE reporting
and/or safety evaluations. Withdrawal effects also were not observed.

Conclusion: ASP0819 demonstrated some signals suggestive of efficacy and had a good
tolerability profile in patients with fibromyalgia. Further studies are required to determine if
ASPO0819 can be a novel non-opioid treatment option in this patient group.
ClinicalTrials.gov Registration: NCT03056690.
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Introduction

Currently available treatments for fibromyalgia provide only modest relief and are
accompanied by a host of adverse side effects. Furthermore, the dramatic increase
in deaths from opioid-induced overdoses with the opioid crisis has led to the NIH
Helping to End Addiction Over the Long-term initiative,'* which aims to improve
treatments for opioid use disorders and enhance pain management. While only
a minority of patients with chronic pain become addicted to opioids, prescription
opioid pain management puts patients at increased risk for addiction, overdose, and
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death.’ Taken together, it is apparent that the development
of novel non-opioid analgesic treatments takes on increas-
ing importance.

Fibromyalgia occurs in 2.2% of the United States (US)
population® and presents with chronic widespread pain,
fatigue, and sleep disturbances.”’ The US Food and
Drug Administration (FDA) has approved three medica-
tions for fibromyalgia treatment: the alpha-2-delta calcium
channel ligand pregabalin, and the serotonin/norepinephr-
ine reuptake inhibitors duloxetine and milnacipran.®
Nevertheless, opioid analgesics continue to be used,
despite the lack of evidence of their effectiveness for
fibromyalgia. Currently, three million US citizens and
16 million citizens worldwide have opioid use disorder.’
Given the ongoing opioid crisis, additional non-opioid
analgesics are needed for chronic pain management.

Fibromyalgia pathophysiology is not fully understood,
but there is evidence of altered central processing of noci-
ceptive information.®'®"" However, fibromyalgia likely
results from abnormalities in both the peripheral and central
nervous systems.'>'? Peripheral, C-fiber abnormalities have
been reported in skin biopsies from patients with
fibromyalgia.'* Some patients with fibromyalgia have hyper-
excitable C nociceptors and structural changes in nociceptive
C-fibers,
C nociceptor activity and increased mechanical sensitivity

suggesting abnormal ongoing peripheral
that could contribute to the pain and tenderness reported in
fibromyalgia.'> Small-fiber pathology, such as small-fiber
polyneuropathy and functional impairment of A-delta- and
C-fibers, may also contribute to the widespread pain in
patients with fibromyalgia.'>'” Given this peripheral patho-
physiology, targeting peripheral mechanisms may be helpful
in fibromyalgia treatment strategies.

Kca3.1 is a voltage-insensitive, intermediate conduc-
tance calcium-activated potassium channel expressed on
numerous cell types and tissues, including dorsal root gang-
lion cells, microglia, and the gastrointestinal tract.'®'
Opening of the K¢,3.1 channel results in a period of
reduced excitability after each action potential (ie, potenti-
ates the after-hyperpolarizing current).”” Physiologically,
Kca3.1 regulates cellular excitability, thus making K¢,3.1
channels a potential therapeutic target in diseases that are
associated with abnormal nerve excitation, possibly includ-
ing fibromyalgia and neuropathic pain.”*

ASPO0819 is a novel non-opioid Kc,3.1 potassium ion
channel opener that reverses abnormal nerve firing. The
effects of ASP0819 enhance late hyperpolarization and
subsequently decrease primary sensory afferent nerve

firing rates, thereby potentially reducing the pain experi-
enced by patients with fibromyalgia (Figure 1). ASP0819
demonstrates poor brain penetration and had an acceptable
toxicological profile, as well asabsorption, distribution,
metabolism, and excretion profiles, in nonclinical studies
(data on file). ASP0819 exerted effects in several animal
models that may model aspects of fibromyalgia such as the
rat vagotomy model***> and the reserpine-induced myal-
gia model.”>® ASP0819 was also found to be safe and
tolerable as indicated by Phase 1 testing in healthy volun-
teers. Presented here are the results from a phase 2a proof-
of-concept study on the analgesic efficacy, safety, and
tolerability of ASP0819 in patients with fibromyalgia.

Patients and Methods

Study Design and Patients
This phase 2a, randomized, double-blind, placebo-
controlled, parallel-group study (NCT03056690) was con-
ducted at 24 sites in the US to assess the analgesic efficacy
and safety of ASP0819 in patients with fibromyalgia. The
study consisted of the following: a screening period of up
to 42 days, which included a washout period and a 7-day
baseline diary run-in; a 57-day double-blind, randomized
treatment period with site visits at Days 1, 15, 29, and 57;
and a 4-week follow-up period consisting of a clinic visit
after 2 weeks and a phone call after 4 weeks. The study
was carried out in accordance with the Declaration of
Helsinki and approved by the relevant Institutional
Review Boards. All participants provided written informed
consent prior to the initiation of any study procedures.
Male and female patients aged 18 to 80 years with a body
mass index of <45 kg/m? were included in the trial if they met
the American College of Rheumatology (ACR) 1990 and 2010
fibromyalgia diagnostic criteria at screening.™’ The core diag-
nostic criteria for fibromyalgia are defined by the 1990
criteria,” and while ACR has published newer criteria, the
1990 version is still commonly utilized in clinical trials. To
meet ACR 1990 criteria, patients must have had widespread
pain for at least 3 months, defined as the presence of pain on the
right and left sides of the body, pain above and below the waist,
and pain in the axial skeleton (cervical spine, anterior chest,
thoracic spine, or low back).” They must also have had pain in
at least 11 of 18 tender point sites on digital palpation per-
formed with an approximate force of 4 kg. Investigators were
trained in tender point examination and the assessment of the
ACR2010 criteria; these investigators performed this exam
and confirmed the diagnosis.
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Figure | Mechanism of action of ASP0819. ASP0819 enhances late hyperpolarization and subsequently decreases firing of primary sensory afferent nerves, which potentially

reduces the fibromyalgia pain.

Abbreviations: AHP, afterhyperpolarization; AP, action potential; FM, fibromyalgia; PAG, periaqueductal gray.

To meet the ACR 2010 criteria, patients needed to have
a widespread pain index score of >7 and a symptom
severity scale score >5, or a widespread pain index score
3-6 and a symptom severity scale score >9.° Symptoms
must have been present at a similar level for at least 3
months and patients must have been free of any other
disorder that could have explained the pain.

In addition, patients must have had a pain score >4 on
the Fibromyalgia Impact Questionnaire Revised (FIQR)
pain item at screening,”’ along with a mean daily average
pain score of 4-9 (inclusive) on an 11-point (0—10) numer-
ical rating scale (NRS) during the baseline diary run-in
period. They were also required to have met prespecified
criteria for mean daily average pain scores. Patients had to
agree to use only acetaminophen (up to 1000 mg per dose
and not to exceed 3000 mg/day) as rescue medication for
fibromyalgia pain during the study. Nonsteroidal anti-

inflammatory drugs were permitted (with the exception
of celecoxib) as needed for non-fibromyalgia pain, such
as headache. The concomitant use of medications, thera-
pies, or surgical procedures that could influence the eva-
luation of the study drug’s efficacy and safety, such as
cannabinoids, certain hypnotics, or other medications or
procedures that have efficacy in reducing the pain of
fibromyalgia, were prohibited throughout the study (Box
1). Patients were not permitted to initiate or change any
nonpharmacological interventions (including normal daily
exercise routines, chiropractic care, physical therapy, psy-
chotherapy, and massage therapy) over the study period.
Stability
required for a minimum of 30 days prior to screening.

in nonpharmacological interventions were
Patients were further required to maintain usual levels of
activity for the duration of the study and to wash out from

any protocol-excluded drugs they may have been taking
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Box | Medications, Therapies, or Surgical Procedures Prohibited
During the Study

Medications that may have had efficacy in reducing pain in fibromyalgia
(except for allowed rescue medication): gabapentinoids,
antidepressants (except for serotonin reuptake inhibitors), ketamine,
GABAg receptor agonists (including sodium oxybate), opioids,
celecoxib, chronic non-narcotic analgesics (with the exception of low-
dose aspirin for cardioprophylaxis, up to 325 mg daily), and topical

pain medications

Medications that are sensitive to Cytochrome P450 3A substrates or
Cytochrome P450 3A substrates that have a narrow therapeutic

range

Use of cannabinoids from the screening visit and throughout the study

Nerve block, iontophoresis, laser therapy, acupuncture, tender point
injections, dry needle injections, spinal cord stimulation therapy, and

transcutaneous electrical nerve stimulation

Hypnotics other than the following, which were permitted: zolpidem
up to 10 mg, eszopiclone up to | mg, zaleplon up to 10 mg, zopiclone
up to 2 mg, and melatonin for sleep

Tranquilizers, sedating antihistamines (nonsedating antihistamines
were permitted), benzodiazepines for sedative, anxiolytic, or sleep aid

(nonbenzodiazepines such as zolpidem were allowed for insomnia)

prior to baseline. Subjects taking prohibited medications
who were willing to discontinue these medications—as
clinically indicated and based upon the investigator’s
recommendation—underwent a wash-out over a period of
five half-lives on a schedule determined by the
investigator.

Key exclusion criteria included receiving an investiga-
tional therapy within 28 days or 5 half-lives prior to
screening; no meaningful improvement, in the investiga-
tor’s opinion, from >2 prior treatments for fibromyalgia
from at least two pharmacologic classes; pain (including
diabetic peripheral neuropathy, post-therapeutic neuralgia,
traumatic injury, prior surgery, or complex regional pain
syndrome) that would interfere with the assessment of
fibromyalgia pain or that required excluded therapies;
and/or infectious or inflammatory arthritis, autoimmune
disease, or other widespread rheumatic diseases.
A comprehensive list of exclusion criteria can be found

in the Supplemental Methods.

Treatment

Eligible patients were randomized 1:1 using Interactive
Response Technology to receive 15 mg (three capsules
of 5 mg) of oral ASP0819 or matching placebo capsules,

each given once daily in the morning, with or without
food, for 8 weeks. The randomization list and study med-
ication blind were maintained by the Interactive Response
Technology system. The treatment code for each rando-
mized subject was provided by the Interactive Response
Technology system in the event of a medical emergency
requiring knowledge of the treatment assigned to the sub-
ject. Subjects were randomized in a blinded fashion such
that the investigator, sponsor’s study management team,
clinical staff, and the subject did not know which agent
was being administered.

The ASP0819 dose was chosen based on nonclinical
studies and the phase 1 pharmacokinetic single ascending
dose (SAD) and multiple ascending dose (MAD) studies;
15 mg once daily was expected to provide exposure within
an efficacious target range and is 3-fold below the no
obvious adverse event levels observed in a 13-week dog
toxicology study (data on file). The initial dose was admi-
nistered under the supervision of study center personnel.
Compliance was assessed at each clinic visit during the
treatment phase by counting unused returned medication.

Endpoints and Assessments

The primary efficacy endpoint was the change from base-
line to Week 8 in mean daily average pain score assessed
by the NRS (0 to 10 scale). The NRS is a generic pain
assessment instrument, which consists of a single question
that asks patients to record their daily average pain on an
11-point scale (0=no pain; 10=pain as bad as you can
imagine) over the previous 24 hours; weekly mean of
then
a handheld e-diary to report daily average pain NRS scores

these ratings was calculated. Patients used
and to capture rescue medication use; these data were
automatically transmitted to a central database. Patients
completed the NRS each day from the baseline run-in
period through Week 10 every evening.

Secondary efficacy endpoints included the number of
patients achieving a >30% or >50% reduction in mean
daily average pain score assessed by NRS (0 to 10 scale)
from baseline to Week 8 and end of treatment (EOT; Day
57); change from baseline to Weeks 2, 4, 8, and EOT in
the FIQR function, symptoms, and overall impact sub-
scales; and overall improvement assessed by patient global
impression of change (PGIC)** at Weeks 2, 4, 8, and EOT.
Change from baseline to Weeks 1, 2, 3,4, 5, 6, 7, and EOT
in mean daily average pain scores was an exploratory

endpoint. Change from baseline to Weeks 2, 4, 8, and
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EOT in FIQR total score was also assessed as an explora-
tory endpoint.

Questionnaires on efficacy, such as FIQR and PGIC,
were completed during study visits. The FIQR captures the
full spectrum of problems related to fibromyalgia and the
responses to therapy, ranging from activities of daily liv-
ing, overall impact, and symptoms.?’ Patients answered
each question on an 11-point NRS over a recall period of
the last 7 days or the last time the activity was performed
(for the physical function domain if the activity was not
performed within the 7-day recall period). The PGIC is
a self-administered 7-point Likert scale that asks patients
to evaluate their fibromyalgia relative to baseline (from
“very much improved” to “very much worse”).>®

Sleep disturbance was assessed as an exploratory end-
point using change from baseline to each respective week
(Weeks 1-8) and from baseline to EOT in daily fibromyal-
The FMSD is
a validated 8-item patient-reported outcome that assesses

gia sleep diary (FMSD) responses.”’

sleep disturbances specific to patients with fibromyalgia
across the domains of falling asleep, staying asleep, and
sufficient sleep.”” Each day upon waking, patients rated
their sleep quality over the previous night on an 11-point
NRS using their handheld e-diary. Each item is rated on an
11-point NRS anchored by “0O-not at all” and “10—
extremely.”

Safety and tolerability were assessed by monitoring
treatment-emergent adverse events (TEAEs), which were
coded using MedDRA (v 20), as well as laboratory values,
vital signs, and electrocardiograms, and by assessing sui-
cidal ideation, suicidal behavior, and self-injurious beha-
vior without suicidal intent on the Columbia-Suicide
(C-SSRS).>* The C-SSRS,
a screening tool to identify suicide risk, was performed

Severity Rating Scale

by trained study center staff via interviews at screening,
randomization, and Weeks 2, 4, 8/EOT, and 10. At each
site, blinded investigators assessed the adverse events and
also decided whether these events were treatment-related.

Statistical Analyses

Considering that many phase 2a studies fail, analyses that
bias results toward a false-positive result have profound
implications for successfully developing novel medications.
Thus, a one-sided 5% significance level (assuming normally
distributed data and accounting for the interim analysis for
futility) was employed. The effect size of 0.39 was 20% to
30% larger than that determined in a meta-analysis (0.32) of
change from baseline in Brief Pain Inventory average pain

score’! for duloxetine, or a meta-analysis (0.30) of change
from baseline in mean daily average pain NRS for pregaba-
lin versus placebo (data on file).

Efficacy analyses were conducted using the full analy-
sis set (FAS), which consisted of all patients who were
randomized and received at least one dose of study drug.
Most hypothesis testing was one-sided at the 5% signifi-
cance level; the two-sided 90% confidence interval (CI)
was used when applicable. Unless otherwise stated, there
was no imputation of missing data.

Analysis for the primary endpoint of change from base-
line to Week 8 in the mean daily average pain NRS used
a mixed-model repeated-measures (MMRM) analysis,
where the model included the fixed effects for treatment
group, center (pooled where necessary), time (study Week
1 to 8), and treatment-by-time interaction, with baseline
mean daily average pain NRS and baseline mean daily
average pain NRS-by-time interaction as covariates.

A sensitivity analysis for the primary endpoint was con-
ducted using the same MMRM model with multiple imputa-
tion based on discontinuation reasons to account for any
missing data (using placebo as the reference group for
patients who discontinued due to lack of efficacy or TEAEs
and standard regression-based multiple imputation for
patients with missing data for other reasons). Additionally,
an MMRM analysis using data from the per-protocol set
(defined as patients from the FAS who met criteria based on
adherence to the protocol) was conducted to assess the robust-
ness of the results from the statistical tests based on the FAS.

The additional endpoints, including response reduction of
>30% and >50% from baseline to Week 8 and EOT in mean
daily average pain score assessed by NRS, change from
baseline to Weeks 2, 4, 8, and EOT in the FIQR, change
from baseline to each week from Weeks 1 to 8 in FMSD, and
overall patient improvement assessed by PGIC, were ana-
lyzed. The Fisher’s Exact Test was used to assess the
response rate of mean daily average pain score (=30% and
>50% reduction from baseline to Week 8 and to EOT); for
the EOT analysis, last observation carried forward (LOCF)
was used. For the FIQR subscales, a similar MMRM model
was used for the change from baseline to Weeks 2, 4, and 8,
and an ANCOVA model, with covariates of baseline FIQR
subscale score and center (pooled where necessary), was
used for the change from baseline to EOT. An additional
analysis using imputation by modified baseline observation
carried forward (mBOCF) was conducted for the response
rate of the mean daily average pain score (>30% and >50%
reduction from baseline to Week 8) and change from baseline
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in FIQR subscales at Week 8. Specifically, mBOCF was
defined as imputation using BOCF for patients who discon-
tinued due to lack of efficacy or TEAE and imputation by
LOCF for patients who discontinued for other reasons.
A proportional odds model for ordinal data with model
term for treatment group was used to assess PGIC at Weeks
2,4, 8, and EOT. For patients with missing data, an analysis
at Weeks 2, 4, and 8 was conducted using mBOCF; an
additional analysis at Weeks 2 and 4 used LOCF.

Key exploratory endpoints, including change from
baseline to Weeks 2, 4, and 8 in FIQR total score, and
change from baseline to each week from Weeks 1 to 8 in
FMSD, were analyzed using MMRM, with change from
baseline to EOT for both measures analyzed with an
ANCOVA model (covariates: baseline score and center
[pooled where necessary]). An additional ANCOVA ana-
lysis for change from baseline to Week 8 in FIQR total
score was performed using mBOCF.

Safety data were summarized using the safety analysis
set (SAF) consisting of all patients who were randomized
and received at least one dose of study drug.

Signed inform consent
N=406

Results
Study Disposition and Population

Overall, 406 patients provided written informed consent;
182 discontinued during the screening/wash-out period,
and 38 discontinued during the 7-day baseline diary run-
in period (Figure 2). A total of 186 patients were rando-
mized to receive ASP0819 (n=91) or placebo (n=95); two
patients (one in each treatment group) did not take the
study drug. Thus, 184 randomized patients (98.9%) were
included in the SAF and FAS and 173 patients (93.0%)
were included in the per-protocol set. The main reason for
exclusion from the per-protocol set was due to current,
untreated moderate or severe major depressive disorder/
history of any psychotic and/or bipolar disorder (n==8).
Overall, 183 patients (n=93, placebo; n=90, ASP0819)
were included in the follow-up period. The primary rea-
sons for leaving the study prior to randomization were
screening failure, patient withdrawal, and “other.” In
total, 156 (83.9%) patients completed the planned double-
blind treatment period and 168 patients (90.3%) completed

Excluded
N=182

Entered baseli
N=

Z
N

224

Screen failure
Subject withdrawal
Other

ne diary run-in

Discontinued before randomization
N=38

Screen failure n=32
N\ Subject withdrawal n=1
4 Other n=5
Randomized
N=186

Placebo

ASP0819

N=95

Discontinued N=14

n=3
n=3
n=3

Completed

N=81 Adverse event

Lost to follow-up
Subject withdrawal
Protocol deviation
Lack of efficacy
Noncompliance
Other

353 333
Rl
- aan

Continued to follow-up
N=93

Figure 2 Patient disposition. Of the 406 patients who provided informed consent, |

N=91

Completed
N=75

Discontinued N=16

n=6
n=2
n=2
n=2
n=2
n=2

Subject withdrawal
Adverse event
Lost to follow-up
Protocol deviation
Lack of efficacy
Other

Continued to follow-up
N=90

86 eligible patients were randomized I:1 to receive oral ASP0819 15 mg or placebo.

Patients who discontinued the study during the treatment period could enter the follow-up period.
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the planned follow-up period; there were no differences
between treatment and placebo groups in terms of with-  characteristics between

drawals during the double-blind treatment period. ment groups (Table

Table | Demographic and Disease Characteristics (Safety Analysis Set)

There were no meaningful differences in demographic

the placebo and ASP0819 treat-
1). Most patients were female

Characteristics Placebo (n=94) ASP0819 15 mg (n=90) Total (N=184)
Sex, n (%)
Male 5(5.3) 2(22) 7(3.8)
Female 89 (94.7) 88 (97.8) 177 (96.2)
Ethnicity, n (%)
Not Hispanic or Latino 81 (86.2) 80 (88.9) 161 (87.5)
Hispanic or Latino 13 (13.8) 10 (11.1) 23 (12.5)
Race, n (%)
White 73 (77.7) 78 (86.7) 151 (82.1)
Black or African American 16 (17.0) 10 (11.1) 26 (14.1)
Asian 1 (1.1) 0 1 (0.5)
American Indian or Alaskan Native 332 0 3 (1.6)
Native Hawaiian or other Pacific Islander 1 (1.1) I (1.1) 2 (1.1)
Other 0 I (1.1) 1 (0.5)
Age, years, mean (SD), [range] 49.8 (12.5) 48.7 (12.1) 49.3 (12.3)
[20-80] [21-75] [20-80]
BMI, kg/m?, mean (SD), [range] 32.18 (6.22) 31.81 (6.62) 32.00 (6.40)
[19.7-44.5] [17.2-44.9] [17.2-44.9]
Time since FM diagnosis, years, mean (SD), [range] 9.80 (8.15) 7.92 (8.44) 8.88 (8.33)
[0.0-33.0] [0.0-31.8] [0.0-33.0]
Time since onset of FM symptoms, years, mean (SD), [range] 13.65 (10.03) 12.55 (9.80) 13.11 (9.90)
[0.046.9] [0.542.2] [0.046.9]
Currently treated for FM, n (%) 40 (42.6) 41 (45.6) 81 (44.0)
History of MDD, n (%) I (11.7) 19 (21.1) 30 (16.3)
History, n (%)
Temporomandibular disorders 19 (20.2) 5(5.6) 24 (13.0)
IBS 17 (18.1) 23 (25.6) 40 (21.7)
Chronic tension type headache 17 (18.1) 17 (18.9) 34 (18.5)
Migraine 40 (42.6) 40 (44.4) 80 (43.5)
Chronic low back pain 35 (37.2) 38 (42.2) 73 (39.7)
Myalgic encephalomyelitis/CFS 9 (9.6) I (12.2) 20 (10.9)
Interstitial cystitis/painful bladder syndrome 332 2 (2.2) 5.7
Endometriosis® 5 (5.6) 13 (14.8) 18 (10.2)
Vulvodynia® I (1.1) 0 1 (0.6)
Alcohol use disorder 0 0 0
Substance use disorder 2. (2.1) 2 (22) 4(2.2)
First- or second-degree family history, n (%)
™M 27 (28.7) 20 (22.2) 47 (25.5)
Depression 34 (36.2) 35 (38.9) 69 (37.5)
Bipolar disorder 12 (12.8) 13 (14.4) 25 (13.6)

Note: *Females only, percentages are based on numbers of females.
Abbreviations: BMI, body mass index; CFS, chronic fatigue syndrome; FM, fibromyalgia; IBS, irritable bowel syndrome
deviation.

; MMD, major depressive disorder; SD, standard
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(96.2%) and white (82.1%). The treatment groups were
relatively similar in terms of medical history, although
more patients in the ASP0819 group than in the placebo
group reported a history of major depressive disorder
(21.1% vs 11.7%) and endometriosis (14.8% vs 5.6%),
and more patients in the placebo group reported a history
of temporomandibular disorder (20.2% vs 5.6%).

The treatment groups were also similar with respect to
fibromyalgia-related baseline characteristics. The mean of
the baseline daily average pain score was 6.32 in both
treatment groups, but the proportion of patients with
severe baseline mean daily average pain score (>7-10)
was higher in the ASP0819 group than in the placebo
group (31.1% vs 22.3%). Prior medication used to treat
fibromyalgia pain and other types of pain was similar in
the ASP0819 and placebo groups.

Efficacy

There was no statistically significant change, only a trend
in favor of ASP0819, from baseline to Week 8, in mean
daily average pain score (primary endpoint) for ASP0819
versus placebo (—1.60 vs —1.26; treatment difference [SE]:
—0.34 [0.25]; two-sided 90% CI: —0.76, 0.07; P=0.086).
Similar results were obtained in both sensitivity and per-
protocol set analyses (data not shown). However, statisti-
cally significant treatment differences in favor of ASP0819
compared with placebo were observed in a change from
baseline in mean daily average pain score at Weeks 2, 6,
and 7 (Figure 3 and Supplemental Figure 1).

There were no statistically significant differences
between ASP0819 and placebo groups in the responder
analysis of mean daily average pain score or for the overall
patient improvement assessed by PGIC (Table 2).
A statistically significant difference in favor of ASP0819
compared with placebo was seen in the symptoms subscale
(Figure 4A) and overall impact subscale (Figure 4B) of the
FIQR at Week 4 (least-squares [LS] mean difference:
-3.73; P=0.039 and LS mean difference: —1.34;
P=0.018, respectively), but not in FIQR function (LS
mean difference: —2.97; P=0.103; Figure 4C). While
there was a statistically significant difference in the reduc-
tion from baseline in the total score at Week 4 (LS mean
difference: —4.14; P=0.033), no statistically significant
difference was seen in the reduction from baseline in
FIQR total score at Week 8 (Table 2). There were numer-
ical improvements for ASP0819 versus placebo, but there

were no statistically significant differences in the reduction
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o
1

in Mean Daily Average Pain Score
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Figure 3 Change from baseline in mean daily average pain score during double-
blind treatment period and follow-up period (full analysis set). The mean daily
average pain score assessed by the Numeric Rating Scale, which consists of
a single question that asks patients to record their daily average pain on an |I-
point scale (ranging from 0=no pain to 10=pain as bad as you can imagine) over the
previous 24 hours. Data from the double-blind period are presented as LS mean *
standard error; data from the follow-up period are presented as mean * standard
error. *Indicates P<0.05.

Abbreviation: LS, least squares.

(improvement) from baseline to Week 8 in FIQR function,
symptoms subscale, or overall impact subscale (Table 2).

Improvement from baseline in FIQR total score was
numerically higher in the ASP0819 treatment group com-
pared with the placebo group at all time points (Figure 5).
There was no statistically significant difference between
ASP0819 and placebo in the reduction (improvement)
from baseline to Week 8 in the MMRM analysis (LS
—3.27; P=0.093); however,
ANCOVA analysis, the improvement from baseline to

mean difference: in an
Week 8 in FIQR total score was statistically significant
for ASP0819 versus placebo using mBOCF imputation
(LS mean difference: —4.10; P=0.036) and EOT using
LOCF imputation (LS mean difference: —3.75; P=0.050).
Statistically significant improvements in favor of
ASP0819 compared with placebo were seen in several
items of the FMSD beginning at Week 2 (difficulty with
falling asleep; P=0.032 [Figure 6A]); at Week 3 (restless-
ness of sleep, P=0.013 [Figure 6B]; difficulty getting
comfortable, P=0.007; and difficulty staying asleep,
P=0.013); at Week 6 (degree of deep sleep, P=0.035; and
difficulty with beginning the day, P=0.040). Statistically
significant improvements for ASP0819 versus placebo
were seen for difficulty falling asleep (P=0.018) and rest-
lessness of sleep (P=0.033) at Week 8, and for difficulty
falling asleep (P=0.008), restlessness of sleep (P=0.009),
and difficulty with beginning the day (P=0.044) at EOT.
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Table 2 Additional Efficacy Parameters (Full Analysis Set)
Placebo (n=94) ASP0819 15 mg (n=90) P-value
>30% reduction from baseline to EOT*
Responders, n (%) 29 (30.9) 34 (37.8) 0.202°
Treatment difference (%), mean (CI)® 6.9 (-5.2,19.1)
>50% reduction from baseline to EOT*
Responders, n (%) 12 (12.8) 17 (18.9) 0.174°
Treatment difference (%), mean (CI)° 6.1 (—6.2,18.1)
PGIC category at EOT, n (%)
Very much improved 6 (6.4) 9 (10.0) 0.486°
Much improved 17 (18.1) 19 (21.1)
Minimally improved 25 (26.6) 19 (21.1)
No change 36 (38.3) 36 (40.0)
Minimally worse 8 (8.5) 3 (3.3)
Much worse 2. (2.1) 3 (3.3)
Very much worse 0 1 (1.1)
Odd ratio (CI)° 1.2 (0.78,1.87)
FIQR function subscale
BL, mean (SD) 47.82 (15.00) 48.03 (14.74) 0.154°
Change from BL to Week 8, -11.45 (1.79) -14.04 (1.82)
Treatment difference (SE) -2.59 (2.53)
LS mean difference [CI]° [-6.78, 1.60]
FIQR symptoms subscale
BL, mean (SD) 56.52 (11.85) 57.03 (13.45) 0.097¢
Change from BL to Week 8, -11.14 (1.65) -14.20 (1.68)
Treatment difference (SE) -3.06 (2.34)
LS mean difference [CI]° [-6.93, 0.81]
FIQR overall impact subscale
BL, mean (SD) 11.79 (3.91) 11.59 (4.06) o.11¢
Change from BL to Week 8, -3.80 (0.49) -4.66 (0.50)
Treatment difference (SE) -0.86 (0.70)
LS mean difference [CI]° [-2.02, 0.30]
FIQR total score
BL, mean (SD) 55.99 (12.00) 56.12 (13.17) 0.093°
Change from BL to Week 8, -13.15 (1.74) -16.42 (1.77)
Treatment difference (SE) -3.27 (2.46)
LS mean difference [CI]® [-7.34, 0.80]

Notes: *Last observation carried forward imputation; ®2-sided 90% CI for difference; ©I-sided P value for difference between ASP819 and placebo using Fisher’s Exact
method; “2-sided P value for difference between ASP819 and placebo based on likelihood test; ®I-sided P value for difference between ASP819 and placebo based on the

MMRM model.

Abbreviations: BL, baseline; Cl, confidence interval; EOT, end of treatment; FIQR, Fibromyalgia Impact Questionnaire Revised; LS, least squares; PGIC, patient global

impression of change; SD, standard deviation; SE, standard error.

Use of Pain Medication

During the double-blind treatment period, concomitant
medication for fibromyalgia pain was administered to
5.6% of ASPO0819-treated patients and 2.1% of placebo-
treated patients. More patients received concomitant medi-
cation for fibromyalgia pain during the follow-up period
(10.9%) than during the double-blind treatment period

(3.8%), and this was similar between the ASP0819 and
placebo groups. More patients receiving ASP0819 than
placebo reported use of concomitant medication for non-
fibromyalgia pain during the double-blind treatment period
(31.1% vs 20.2%; Table 3); however, most of these medica-
tions were analgesics, which primarily included non-
steroidal anti-inflammatory drugs. A total of 17 patients
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Figure 4 Change from baseline during double-blind treatment period and follow-up period in FIQR subscales (full analysis set). Changes from baseline in the mean FIQR
subscale scores: (A) Symptom, (B) Overall Impact, and (C) Function are depicted. All questions in each subscale are rated on an | I-point numeric scale, ranging from 0 to
10 with 10 being the worst. Data from the double-blind period are presented as LS mean * standard error; data from the follow-up period are presented as mean * standard

error. *Indicates P<0.05.

Abbreviations: FIQR, Fibromyalgia Impact Questionnaire Revised; LS, least squares.
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Figure 5 Change from baseline during double-blind treatment period and follow-up
period in FIQR total (full analysis set). The change from baseline in FIQR total score
is depicted. The FIQR total score represents the sum of the three subscale scores:
symptom, function, and overall impact. The symptom subscale accounts for 50%,
the function subscale accounts for 30%, and the overall impact subscale accounts
for 20% of the total score. Data from the double-blind period are presented as LS
mean * standard error; data from the follow-up period are presented as mean *
standard error. *Indicates P<0.05.

Abbreviations: FIQR, Fibromyalgia Impact Questionnaire Revised; LS, least

squares.

(n=4, placebo; n=13, ASP0819) violated protocol by taking
excluded concomitant medication during the study; two of
these patients (n=1, placebo; n=1, ASP0819) were excluded
from the per-protocol efficacy analyses.

During the double-blind treatment period, the mean
proportion of days with rescue medication (acetamino-
phen) use was low (24% [placebo] and 22% [ASP0819]).
Across the study, there were no statistically significant
differences between the treatment groups at any week for
the incidence of patients using rescue medication.
However, the mean average daily dose of rescue medica-
tion was generally lower in the ASP0819 treatment group
compared with the placebo group.

Safety

Adverse events were reported by 53 placebo recipients
(56.4%) and 62 ASPO0819 recipients (68.9%). Drug-
related TEAEs, as assessed by the investigator, were
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Figure 6 Change from baseline during double-blind treatment period and follow-up in mean daily average FMSD Item I: Difficulty with falling asleep (full analysis set) and
Item 2: Restlessness of sleep (full analysis set). The change from baseline in Item | of the FMSD, difficulty with falling asleep, is shown in (A). The change from baseline in Item
2 of the FMSD, restlessness of sleep, is displayed in (B). Patients rated their difficulty falling asleep or restlessness of sleep over the previous night on an | I-point numeric
rating scale ranging from “0-not at all” to “|0—extremely” in an e-diary. Data from double-blind period are presented as LS mean * standard error; data from the follow-up

period are presented as mean * standard error. *Indicates P<0.05.
Abbreviations: FMSD, Fibromyalgia Sleep Diary; LS, least squares.

reported by more patients in the placebo group (n=29;
30.9%) than in the ASP0819 group (n=22; 24.4%) (Table
4). The most commonly reported TEAE was headache,
occurring in a similar proportion of patients in each treat-
ment group. Headache was also the most commonly
reported drug-related AE, reported by eight (8.5%)
patients in the placebo group and five (5.6%) patients in
the ASPO819 treatment group. Most TEAEs were mild or
moderate in severity, with severe TEAEs reported by only
three placebo recipients (3.2%; gastroenteritis viral, head-
ache, and syncope) and one ASP0819 recipient (1.1%;
insomnia). Four patients (three receiving placebo and one
receiving ASP0819) reported TEAEs leading to disconti-
nuation of study drug. The events in the placebo group
were gastrointestinal hemorrhage, disturbance in attention,
anxiety, chills, fatigue, and hot flush. The event leading to
discontinuation in the ASP0819 treatment group was
insomnia. There were no deaths or serious TEAEs during
the study.

There were no clinically relevant changes in laboratory
parameters that would indicate an ASP0819-related effect.
There were no safety concerns with regard to vital signs or
electrocardiogram parameters. No suicidal ideation or suici-
dal behavior occurred during the double-blind treatment
period. One patient in the placebo group reported suicidal
ideation in the follow-up period. During the study, there were
no patients with TEAEs within the drug abuse and depen-
dence standardized MedDRA Query and no patients had
a drug abuse-related TEAE (defined by a predefined

Adverse Events of Interest search strategy). During the fol-
low-up period, drug withdrawal-related TEAEs (ie, anxiety,
chills, diarrhea, headache, hyperhidrosis, insomnia, nausea,
syncope, vomiting) were reported in a total of four patients
across the two cohorts (placebo, n=3; ASP0819, n=1).

Discussion

Although this study did not meet its primary efficacy end-
point of change from baseline to Week 8 in mean daily
average pain score for ASP0819 versus placebo, there
were some signals suggestive of efficacy in patients with
fibromyalgia. For example, compared with placebo,
ASP0819 demonstrated statistically significant changes in
mean daily average pain score at Weeks 2, 6, and 7.
Furthermore, there were numerically greater improvements
for ASP0819 than for placebo in all secondary endpoints,
and statistical significance between groups was achieved on
some FIQR subscales at Week 4. However, no statistically
significant difference was seen regarding FIQR function at
Week 4 and no statistically significant difference was seen in
the reduction from baseline in FIQR total score at Week 8.
Statistically significant improvements for ASP0819 com-
pared with placebo were also observed for several explora-
tory endpoints at various time points, including the FIQR
total score, and for several FMSD items, including difficulty
with falling asleep and restlessness of sleep. Considering
ASPO0819’s positive impact on sleep, our results support
possible further assessment of ASP0189 or similar com-
pounds for such an indication. Indeed, the vast majority of

Journal of Pain Research 2020:13

submit your manuscript

3365

Dove


http://www.dovepress.com
http://www.dovepress.com

Arnold et al

Dove

Table 3 Concomitant Medications Taken for Non-Fibromyalgia Pain

Table 4 Overview of TEAEs (Safety Analysis Set)

During Double-Blind Treatment Period by WHO Preferred Name
Placebo ASP0819
Placebo ASP0819 15 mg Total (n=94) 15 mg (n=90)
(n=94) (n=90) (N=184)
Any TEAE 53 (56.4) | 62 (68.9)
Overall 19 (20.2) 28 31.1) 47 (25.5) Drug-related TEAE® 29 (30.9) | 22 (244)
Ibuprofen 10 (10.6) 9 (10) 19 (10.3) Serious TEAE 0 0
Drug-related serious TEAE® 0 0
INETITET (L) G () 2120) TEAE leading to withdrawal 3(3.2) 1 (1.1)
Sumatriptan 2210 3(33) 527) Death 0 0
Braceanel 2.1 2(22) 4(22) TEAEs occurring in 25% of 53 (56.4) | 62 (68.9)
patients in any group
Thomapyrin 2@ 222 4@2) Headache a7y | 12033
Acetylsalicylic acid 2. 2.1) 0 2 (I.1) Arthralgia 3(32) 5(56)
— Nausea 2 2.1) 5 (5.6)
Rizatriptan zah 0 2(@h Pain in extremity 3(32) 5 (5.6)
Arnica montana 0 1 (1.1) I (0.5) Upper respiratory tract infection 4 (4.3) 5 (5.6)
Viral upper respiratory tract 5 (5.3) 4 (44)
Bismuth 1 (1.1) 0 1 (0.5) . .
infection
Cyclobenzaprine 0 2 (22) 2 (I.1) Diarrhea 6 (6.4) 2(22)
Diclofenac 1(.1) 1 (L1 2 (1.1) Notes: Data presented as n (%); “Drug-related TEAEs based on investigator assessment.
Abbreviation: TEAE, treatment-emergent adverse event.
Dicycloverine 0 1 (1.1) 1 (0.5)
Diphenhydramine 0 L 103 However, the evaluation of the efficacy signal should be inter-
Fentanyl 0 (L) 1 (0.5 preted with respect to the power of the study sample size. To
Lidocaine 0 (L) 1 05) this end, this PoC trial was powered to test the hypothesis that
the change from baseline compared with placebo for ASP8019
Linaclotide 0 1(L1) 1 05) ) i
would provide at least a 30% improvement for ASP0819
Meloxicam 0 LD 1 ©035) compared with historical pregabalin and duloxetine data (eg,
Morphine 0 1 (1.1) I (0.5) seeking ~39% improvement for ASP0819 vs placebo com-
Naratriptan o (L) I (05) pared with historical ~30% improvement of pregabalin or
duloxetine vs placebo). While progress has been made in
Omeprazole 1 (1.1) 0 1 (0.5) . - . .
identifying new treatments for fibromyalgia, there remains
Oxycodone 0 L 105 a substantial unmet need for patients who may not respond
Tizanidine 0 1(1.1) I (0.5) to, or tolerate, the currently available medications. Therefore,
Topiramate 0 ) | 05) powering studies to demonstrate equivalent efficacy with
regard to the standard of care may be a reasonable approach
Triamcinol 0 1 (L1 1 (05 .o . C
ramenetone - ©3) in light of the ongoing opioid crisis.>’
Zolmitriptan 0 (L 1 (0.5) Notably, ASP0819 was well tolerated in the current

Notes: Rows highlighted in gray indicate concomitant NSAIDs; Data presented as n (%).

patients with fibromyalgia report disturbed sleep (quality

2932 the existence

33,34

and quantity) as a result of their condition,
of which is associated with reduced quality of life.

Despite not meeting the primary efficacy endpoint in this
study, the mean change from baseline compared with placebo
in pain NRS score for 15 mg ASP0819 was within the lower
part of the range for the mean change in pain NRS scores

reported for 300 mg to 450 mg daily pregabalin doses.>>*

study with no major safety concerns with respect to
TEAESs, vital signs, electrocardiograms, C-SSRS, and
TEAEs sensitive to potential drug abuse or withdrawal
effects. Headache was the most commonly reported
TEAE in patients treated with either ASP0819 or placebo
but was similar in frequency for both study arms. The
majority of all the reported TEAEs were considered by
the investigator to be mild or moderate in severity.

It should be noted that this is the first study looking for
potential efficacy signals of ASP0819 in treating fibromyalgia.
However, at this early stage in a drug’s development, it is
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premature to reject an effective candidate due to marginal
significance; a one-sided test was used whenever applicable
due to the fact that the current analysis was interested in testing
the benefits of ASP0819 over placebo as opposed to the
benefits of placebo over ASP0819. It is also worth noting
that, in the current study, we tested ASP0819 under the highly
stringent hypothesis that ASP0819 would be 30% better than
pregabalin or duloxetine. This increased stringency biases the
drug development process away from novel medications that
may be useful in special populations or medications that may
possess similar efficacy to standard of care while possessing
improved safety profiles. It is also worth noting that the current
study was not designed to test secondary outcomes with the
same rigor as the primary outcome. While improvements in
sleep were not expected, the current analysis included mea-
sures of sleep quality since this is a current unmet medical need
for patients with fibromyalgia. More research is needed to
determine the clinical significance of the exploratory findings.
There are a number of additional limitations of the present
study with respect to interpreting and potential efficacy signal-
(s) for ASPO819. However, the favorable safety and tolerability
profile of ASP0819 compared with placebo in this study raises
the question of whether greater efficacy might be observed
with higher ASP0819 doses (exposures). Perhaps a longer
treatment period at a higher dose might result in an effect
size for ASP0O819 close to that observed with the FDA-
approved medications for fibromyalgia. Interventions to
increase subject adherence to the prescribed medication
might further decrease the possibility of false-negative results
in additional ASP0819 trials. Finally, powering the study
according to the hypothesis that ASP0819 possesses similar
efficacy to the current standard of care is an additional mod-
ification for future studies that will allow for a better under-
standing of the potential efficacy and safety of ASP0819 with
respect to fibromyalgia or other chronic pain syndromes.

Conclusions

In the current study, there was no statistically significant
difference between ASP0819 and placebo for the primary
endpoint, nor in the change from baseline to Week 8 in the
mean daily average pain score. However, ASP0819
demonstrated some signals suggestive of efficacy in this
fibromyalgia patient group, along with a good tolerability
profile; nevertheless, additional studies are required to
determine the efficacy and safety of ASP0819 in fibro-
myalgia. These additional studies may confirm or refute
whether ASP0819 is a novel non-opioid-based option for
patients with fibromyalgia.

Abbreviations

ACR, American College of Rheumatology; CI, confidence
interval, C-SSRS, Columbia-Suicide Severity Rating Scale;
EOT, end of treatment; FAS, full analysis set; FIQR,
Fibromyalgia Impact Questionnaire Revised; FMSD, fibro-
myalgia sleep diary; LOCEF, last observation carried forward;
LS, least squares; mBOCF, modified baseline observation
carried forward; MMRM, mixed model repeated measures;
NRS, numerical rating scale; PGIC, patient global impression
of change; SAF, safety analysis set; TEAE, treatment-
emergent adverse event; ULN, upper limit of normal.
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