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Abstract

Objective: To evaluate the efficacy and safety of a 16-hr multilayer-release methylphenidate (PRC-063) in a community-
based adult ADHD population. Method: In a double-blind study, 375 participants were randomized to one of four fixed
doses of PRC-063 or placebo. The primary outcome was the ADHD-Rating Scale-5 (RS). The first 50% of double-blind
completers were invited to participate in a 6-month dose-optimized open-label study to assess response and safety.
Results: In total, 333 participants completed the double-blind trial; 184 entered the open-label study. PRC-063 produced
greater symptom reduction in ADHD-RS-5 total score from baseline compared with placebo in the double-blind study
(least-square [LS] mean = —4.7 [-7.7, —1.6], p = .003). The most frequent adverse events were headache, insomnia, and
decreased appetite. No significant sleep quality impact was observed (p = .123). Significant improvements in ADHD-RS-5
scores from baseline continued through the open-label study (b < .0001), coincident with dose optimization. Conclusion:
PRC-063 was well tolerated and significantly improved ADHD symptomatology in adults. (J. of Att. Dis. 2021; 25(10) 1416-
1428)
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Introduction least a 16-hr day. Some of the most stressful and attention
demanding activities of an adult’s day occur in the early
morning or evening, such as driving (Cox et al., 2012), par-
enting (Chronis-Tuscano & Stein, 2012), and activities of
daily living (e.g., getting out of the house on time or paying
bills). If adults with ADHD do not have adequate symptom
control during these critical hours, they are going to be most
symptomatic during those transitions that they find most
problematic. Impairment is driven as much by how poorly
someone functions at their worst, as it is by how well they
are doing at their best. Failure to obtain an adequate
response during key periods of the day is a serious barrier to
normalization. In an adult population, adequate
management of ADHD symptoms would ideally require a

ADHD in adults has been estimated to have a prevalence of
4.4% and to be associated with a considerable burden of
illness (Karlsdotter et al., 2016; Matza et al., 2005) and
functional impairment (Able et al., 2007; Adler et al., 2008),
in particular during periods of transition such as early morn-
ing or late in the day (Brown et al., 2017). In a recent sur-
vey, 44% of adults reported that duration of effect was
among the top three reasons for choosing their current treat-
ment regimen (Brown et al., 2017). Duration of effect was
key in the decision to take more than one medication in 67%
of respondents. Respondents also reported that lack of early
morning and late night symptom control impaired their
relationships, ability to carry out responsibilities, emotional
responses, and mood. Management of symptoms in adults
with ADHD requiring multiple daily dosing or a combina- ;Cambridge Health Alliance, Cambridge, MA, USA
. . . . Center for Psychiatry and Behavioral Medicine, Inc., Las Vegas, NV,

tion of short-acting and long-acting pharmacotherapy is USA
likely to be associated with poor adherence (Gajria et al., 3Purdue Pharma (Canada), Pickering, ON, Canada
2014; Koofj et al.,.2013). . . Corresponding Author:
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once-daily therapy with a rapid onset of action (=1 hr) and
along duration of effect, extending to the end of the patient’s
day (Spencer et al., 2008; T. Wigal et al., 2018b).

Up until recently, available long-acting stimulant prep-
arations had a duration of action of 14 hr at most. In an
adult workplace environment study of lisdexamfetamine,
effects were noted from 2 hr after taking medication, up
to 14 hr postdose (T. Wigal et al., 2010). A recently mar-
keted extended-release mixed amphetamine salts prepara-
tion was shown to have an onset of action of 2 to 4 hr and
a duration of action of 16 hr (T. Wigal et al., 2018a,
2018b). This mixed amphetamine salt compound is
currently the only 16-hr amphetamine-based preparation
available.

PRC-063 (marketed as FOQUEST® in Canada and as
ADHANSIA XR™ in the USA) is a once-daily extended-
release formulation of methylphenidate hydrochloride
(MPH) designed to provide a rapid onset of action, along
with continued symptom control throughout the day and
evening. Following administration, PRC-063 demonstrates
a bimodal plasma concentration-time profile of MPH with
an initial peak at 1.6 hr, and a second, higher peak at 12.5 hr.
MPH plasma levels then slowly decline with residual levels
of approximately 18% at 24 hr post-administration. Steady
state is achieved by 3 days of once-daily dosing (Quinn
et al., 2016).

A previous double-blind (DB), controlled, crossover
study evaluated the onset and duration of action of PRC-
063 in adult ADHD patients in a controlled, simulated adult
workplace environment (S. B. Wigal et al., 2020). PRC-063
demonstrated statistically significant improvements relative
to placebo in the mean Permanent Product Measure of
Performance (PERMP) scores in a simulated adult work-
place environment day within 1 hr and up to 16-hr post-
dose, exceeding currently available MPH or amphetamine
formulations approved for ADHD in having both a quick
onset and a 16 hr duration of action (S. B. Wigal et al.,
2020). While the primary objective of that study was to
determine the pharmacodynamic profile of this stimulant
and response on laboratory workplace measures, the objec-
tives of the studies reported here were to look at outcome as
measured by a variety of standardized scales in a large com-
munity sample at different doses, and then followed-up
naturalistically over time in an open-label (OL), dose-opti-
mized study.

Two studies are reported here: a large, community-based
randomized, DB, parallel, fixed-dose study to assess the
efficacy and safety of PRC-063 in adults with ADHD com-
pared with placebo, and a 6-month dose-optimized OL fol-
low-up to characterize longer term safety and effectiveness.
We report the first large, multi-site pivotal trial of a methyl-
phenidate product with both a rapid onset of action and
16-hr duration.

Method
Study Conduct

These studies were conducted at 34 sites in the United
States and Canada from April 2014 to January 2015. The
study protocols were approved by an Institutional Review
Board (IRB Services, Aurora, ON, or local IRB as required).
All study participants signed an Authorization of Release of
Personal Health Information for Research Purposes form
and provided written informed consent prior to enrollment
in the DB study and again prior to enrollment in the OL
study. All documentation and procedures related to the stud-
ies were executed in accordance with Good Clinical Practice
(GCP) guidelines as required by the Declaration of Helsinki
1964 and all of its amendments to this date, and the
International Conference on Harmonization (ICH)
Guideline for GCP (CPMP/ICH/135/95) of the European
Agency for the Evaluation of Medicinal Products,
Committee for Proprietary Medicinal Products, ICH of
Pharmaceuticals for Human Use.

DB Study (NCT02139124)

Participants. In total, 465 adults =18 years of age meeting
the Diagnostic and Statistical Manual of Mental Disorders
(5th ed., American Psychiatric Association, DSM-5) diag-
nostic criteria for ADHD were screened for study entry.
Diagnoses were confirmed using the Conners’ Adult ADHD
Diagnostic Interview for DSM-1V (CAADID; Conners et al.,
2004; Epstein & Kollins, 2006). Eligible participants
included those with a post-washout baseline ADHD DSM-5
rating scale score =24 (Dupaul et al., 2016), who were either
treatment naive or dissatisfied with their current ADHD
pharmacotherapy (310 participants [82.7%)] were treatment
naive and 65 participants [17.3%] had previously received
an ADHD medication that was discontinued at or prior to
Visit 1). Participants had to have an IQ = 80 on the Kaufman
Brief Intelligence Test—2 (KBIT-2; Bain & Jaspers, 2010), a
negative pregnancy test, and demonstrate that they could
successfully swallow an empty 100 mg study capsule.

Participants were excluded from the study if they had a
psychiatric comorbidity that required treatment (as judged
by the investigator), history of allergy to stimulants or seri-
ous adverse reactions to MPH or were known to have a poor
response to MPH treatment. Other exclusion criteria
included, but were not limited to, a history of, or risk for,
cardiovascular disease (including known family history of
sudden cardiac death or ventricular arrhythmia), use of
other psychotropic drugs, medications known to interact
with MPH or herbal remedies, clinically significant labora-
tory abnormalities, or current suicide risk. Patients were
allowed to take melatonin if they had been on a stable dose
for at least 4 weeks.
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Table |. Participant demographics and baseline clinical characteristics of the randomized population in the Double-Blind study.
PRC-063
Characteristics Placebo 25 mg/day 45 mg/day 70 mg/day 100 mg/day All PRC doses
Randomized (n) 78 77 73 73 74 297
Completed (n, %) 69 (88.5%) 73 (94.8%) 69 (94.5%) 61 (83.6%) 61 (82.4%) 264 (88.9%)
Discontinued (n, %) 9 (11.5%) 4 (5.2%) 4 (5.5%) 12 (16.4%) 13 (17.6%) 33 (11.1%)
Age (M = SD) 374 = 124 363 = 125 360+ 11.8 351 =112 353117 357 =118
Sex (n, %)
Male (n, %) 35 (44.9%) 37 (48.1%) 37 (50.7%) 38 (52.1%) 30 (40.5%) 142 (47.8%)
Female (n, %) 43 (55.1%) 40 (51.9%) 36 (49.3%) 35 (47.9%) 44 (59.5%) 155 (52.2%)
Race (n, %)
White 64 (82.1%) 69 (89.6%) 57 (78.1%) 68 (93.2%) 59 (79.7%) 253 (85.1%)
Black/African American 9 (11.5%) 8 (10.4%) 13 (17.8%) I (1.4%) 10 (13.5%) 32 (10.8%)
Asian 3 (3.8%) 0 2 (2.7%) 3 (4.1%) 2 (2.7%) 7 (2.4%)
Native American I (1.3%) 0 0 I (1.4%) 0 I (0.3%)
Other I (1.3%) 0 I (1.4%) 0 3 (4.1%) 4 (1.3%)
BMI (kg/m% M = SD) 29.6 + 87 29.1 = 6.4 279 6.1 27.7 £ 59 294 +73 28.6 + 6.5
ADHD subtype (n, %)
Inattentive 22 (28.2%) 22 (28.6%) 17 (23.3%) 14 (19.2%) 19 (25.7%) 72 (24.2%)
Hyperactive-impulsive 2 (2.6) 0 0 1 (1.4%) 2 (2.7%) 3 (1.0%)
Combined type 54 (69.2%) 55 (71.4%) 56 (76.7%) 58 (79.5%) 53 (71.6%) 222 (74.7%)
Duration of ADHD diagnosis, 149 = 15.6 142 = 13.1 11.8 £ 13.0 13.1 =134 140 £ 154 133 £ 137
years (M = SD)
Note. BMI = body mass index.
End of DB
Study and
Randomization Sh:h::yOL
1:1:: £t Double-Blind Study (weekly visits) Open-Label Study (monthly visits 2 through 7)
S - Tiration Period o Evalaa;i::y Period - "
(2 weeks) ‘—‘—u L ;'.
Visit Visit Visit Visit Visit Visit Visit
Visit 1 Visit 2 Visit 3 Visit4 Visit 5 Visit6 1A 2 3 4 5 3 7
| | v | vews | vews | vas | | ] | | | | |
25 mg Group Washout 25 mgiday 25 mg/day 25 mg/day 25 mg!day\?glf; Adjustment of daily dose to 25, 35, 45, 55, 70,
85 or 100 myg as per clinician judgement
45 mg Group Washout 25 mgiday 45 mg/day 45mg/day 45 mgiday
70 mg Group Washout 25 mgiday 45 mg/day 70mg/day 70 mg/day Mandatory
100 mg Group Washout 45 mg/day 70 mg/day 100 mg/day 100 mg/day oL
Safety Visit
Placebo Group Washout 0 mg/day 0 mglday Omg/day 0 mgiday

Figure |. Study timetable for both Double-Blind and Open-Label studies. Note. DB = double-blind; OL = open label.

Participant baseline clinical characteristics and demo-
graphics are summarized in Table 1.

Study design. The study phases are illustrated in Figure 1.
Following screening (up to 14 days) participants were
washed out of any previous psychotropic medication for at
least 7 days and then titrated over 14 days to their random-
ized dose of drug or placebo. Eligible participants were ran-
domized by an integrated web response systemina 1:1:1:1:1
ratio to receive 25, 45, 70, or 100 mg/day of PRC-063 (MLR

methylphenidate, Purdue Pharma [Canada], Pickering,
Ontario) or matching placebo. Participants randomized to
higher dose groups had their PRC-063 dose increased
weekly until their randomized dose was achieved. Partici-
pants who did not enroll in the OL study completed a 14-day
safety follow-up.

Outcome measures. The primary endpoint was the between-
treatment comparison of the change from baseline ADHD-
Rating Scale-5 (RS) total score at the end of the study
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(Dupaul et al., 2016). The ADHD-RS-5 is a clinician-
administered scale evaluating 18 symptoms of ADHD on a
4-point scale of severity (0-3), with lower scores indicating
less severe ADHD symptoms. The ADHD-RS-5 was com-
pleted by the clinician at every visit.

Secondary endpoints included the within-treatment
change from baseline on the ADHD-RS-5 and between-
treatment differences on the Conners’ Adult ADHD Rating
Scale—Self: Short Form (CAARS-S) and -Observer: Short
Form (CAARS-O; Conners et al., 1999). The CAARS-S,
completed by the participant, and CAARS-O, completed by
a consistent observer, are 26-item tools that measure out-
come in the following domains: inattention and memory
problems, hyperactivity and restlessness, impulsivity and
emotional liability, and problems with self-concept. Severity
of'each item is scored from 0 (“not at all”’) to 3 (“very true”);
the total raw score is corrected for gender and age to derive
a t score value, and ¢ scores >65 indicate a clinically sig-
nificant issue. Participants and observers completed the
CAARS at home twice during each week between clinic
visits throughout the DB study. Treatment response was
also measured using the Clinical Global Impression Scale
of Improvement (CGI-I; assessed at Visits 3 through 6; Guy,
1976). The CGI-1 is a 7-point scale in which participants are
rated from “very much improved” to “very much worse”
compared with baseline behavior. Participants rated as
“much improved” or “very much improved” were consid-
ered to be responders. Clinicians measured improvement
from the patient’s off-medication baseline.

The Pittsburgh Sleep Quality Index (PSQI) was adminis-
tered to assess sleep quality at screening (over the past 6
months), Visit 2 (randomization; to establish a washout
baseline), and Visit 6 (end of study; on study medication).
The PSQI provides results in seven categories rated from 0
to 3 and a total Global PSQI score of up to 21, with lower
scores indicating better sleep quality. A participant is con-
sidered to have “good sleep” with a score =5 and “poor
sleep” with a score >5 (Buysse et al., 1989).

Additional secondary outcomes assessing functional
impairment, executive function, and quality of life were
assessed at baseline and end of study, results of which will
be reported in a separate manuscript.

Safety and tolerability endpoints. Participants were assessed
by the Principal Investigator (PI) at each site for treatment-
emergent adverse events (TEAEs) throughout the DB study.
At each contact with the participant, the PI sought informa-
tion on TEAEs by examination or questioning in a general,
nondirected manner. Vital signs (blood pressure, pulse, res-
piration rate, and weight) and the Columbia Suicidality
Severity Rating Scale (C-SSRS; Madan et al., 2016) scores
were assessed at all visits. Physical examinations, clinical
laboratory tests (including serum pregnancy tests), and

12-lead electrocardiograms (ECGs) were evaluated at
screening and end of study.

Statistical analyses. Sample size calculations were based on
detecting the mean difference between all active doses com-
bined and placebo for the primary efficacy endpoint of the
ADHD-RS-5 total score. Assuming an effect size (ES) of
0.62, with a common standard deviation (SD) of 12.8, 300
completed participants were needed (60 participants in each
of five treatment groups) to maintain a two-sided family-
wise Type 1 error rate of 0.05, with 80% power. Based on a
potential dropout rate of 17%, this study planned to ran-
domize 360 participants.

The primary efficacy analysis was the ADHD-RS-5 total
score at end of study (after 2 weeks of titrated treatment and
2 weeks of stable dose) based on an analysis of covariance
(ANCOVA) model that included terms for treatment and
baseline clinician ADHD-RS-5 total score as a covariate.
Differences in least-square (LS) means were calculated for
the separate dose levels compared with placebo along with
two-sided 95% confidence intervals (Cls) for the treatment
differences. The primary analysis involved multiple testing,
wherein each active dose was tested against placebo sepa-
rately. Therefore, Dunnett’s adjustments for multiple, pair-
wise, mean comparisons were used to compare the
ADHD-RS-5 total scores for each of the four active treat-
ments with placebo. For the Dunnett’s test, the family-wise
Type 1 error rate was set at 0.05 (two-sided). The full analy-
sis (FA) population, defined as all randomized subjects who
received any amount of study medication and had an
ADHD-RS-5 assessment during the 2-week, stable dose
period, was used for the primary analysis, based on observed
data. Sensitivity analyses were performed on the per proto-
col population (observed data) and the all randomized pop-
ulation using the Markov Chain Monte Carlo (MCMC)
method to impute missing data. The ADHD-RS-5 subscale
scores were analyzed similarly to the total scores as second-
ary analyses, using the FA population and observed data.
The total score and the subscale scores from each visit ear-
lier than Visit 6 were compared using this same model. In
addition, a linear dose response was tested at Visit 6 to eval-
uate for a linear relationship between ADHD-RS-5 scores
and dose level. Other secondary analyses included LS
means of change from baseline for the separate dose groups,
as well as all active doses compared with placebo. CGI-I
scores were summarized categorically by visit and com-
pared between dose groups on an ordinal scale using
Wilcoxon rank sum tests. CAARS-S and CAARS-O sub-
scale ¢ scores between each dose group and placebo were
compared using two-sample ¢ tests, changes from baseline
were compared using the ANCOVA model specified above
and two-sided, 95% ClIs were provided on the treatment dif-
ference. Safety endpoints are presented for the safety
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population (those taking at least one dose of the study medi-
cation) using descriptive statistics.

OL Study (NCT02168127)

Participants. Approximately the first 50% of participants to
complete the DB study (whether they had been randomized
to PRC-063 or placebo) were eligible to be enrolled in the
OL extension study, provided the participants continued to
satisfy the eligibility criteria of the DB study.

Study design. Participants provided informed consent and
were initiated on a daily dose of PRC-063, as determined by
the investigator, on the day following the end of the DB
study, regardless of whether the participant previously
received active or placebo treatment. Blinding for the DB
study was not broken until after completion of the OL study.
There were seven available PRC-063 doses in the OL study:
25,35,45, 55,70, 85, and 100 mg/day. Participants returned
7 days following study initiation for a dose evaluation visit.
Investigators used their clinical judgment to determine the
optimal dose for individual participants. Participants were
subsequently followed monthly up to 6 months postenroll-
ment, with dose adjustments occurring as required. A
14-day safety follow-up telephone contact occurred follow-
ing the 6-month, end of study visit.

During the 6-month OL study, ADHD-RS-5, PSQI, vital
signs, C-SSRS scores, concomitant medications, and
TEAESs were assessed at screening and all subsequent visits.
Clinical laboratory tests (including serum pregnancy tests)
were conducted at V1 and the final visit. Additional out-
comes of functional impairment, executive function, and
quality of life were assessed at the end of OL study and will
be reported in a separate manuscript.

ADHD-RS-5 scores were summarized by visit, as well
as baseline scores from the DB study for the subset of par-
ticipants who entered the OL study. Changes from baseline
were calculated and paired ¢ tests were used to compare the
baseline and follow-up scores within each dose group.
Adverse events were summarized in the dose group corre-
sponding to the last dose the participant took prior to the AE
start date. The incidence of TEAEs was tabulated within
each treatment group and for all participants combined.

Results
DB Study

Participant disposition. Participant disposition is shown in
Figure 2A. Of the 375 participants randomized, 42 with-
drew after randomization. Lost to follow-up was the pri-
mary reason for premature termination. The percentage of
participants who discontinued was similar among those
who received PRC-063 (11.1%) and placebo treatment

(11.5%). There were more participants who discontinued at
higher doses, and more of these discontinuations were due
to TEAESs or being lost to follow-up.

Efficacy. Participants receiving PRC-063 had a statistically
significant improvement in ADHD symptomatology com-
pared with participants receiving placebo at Visit 6, as mea-
sured by the change from baseline ADHD-RS-5 total score
(LS mean [95% CI] between-treatment difference of —4.7
[-7.7, -1.6], p = .003, ES = —.40; Figure 3). Of the four
active treatment groups, only the 45 mg (LS mean [95% CI]
treatment difference of —6.9 [-11.5, —2.2]) and 100 mg
groups (—8.1 [—12.9, —3.2]) had statistically significant
between-treatment differences from placebo. At end of the
DB study, all treatment groups were significantly improved
from baseline (p < .0001; Table 2), with a 39.9% decrease
from baseline in ADHD-RS-5 total scores in the PRC-063
group compared with a 26.9% decrease for the placebo
group. All active treatment groups had greater LS mean
improvements from baseline than the placebo group. Of
participants receiving active PRC-063, 38.7% achieved
ADHD-RS-5 total scores of =18 compared with 23.1% in
the placebo group. The linear dose effect on response was
statistically significant, as shown by the linear contrast
between dose groups (p = .0002).

PRC-063 produced improvements compared with pla-
cebo on the ADHD Index ¢ scores of the CAARS-S, but not
the CAARS-O (Table 2). Mean ¢ scores declined in all treat-
ment groups through the course of the study. The LS mean
[95% CI] difference from placebo in change from baseline
was only significantly different than placebo onthe CAARS-S
ADHD Index in the 45 mg group (4.6 [-8.5, —0.7], p =
.022) and the 100 mg group (—4.2 [-8.2, —0.2], p = .042). At
the end of study, both the mean ADHD Index ¢ scores were
below 65 for both placebo and active PRC-063 treatment
groups on the CAARS-S and CAARS-O (Table 2).

At the end of the DB study, based on categorical analysis
of the CGI-I score, 47.5% of participants on active PRC-
063 were responders, rated as “much” or “very much
improved,” versus 29.5% on placebo (p = .002, comparing
ranked scores to placebo using Wilcoxon rank sum tests).

The mean * SD global PSQI scores were 8.8 = 3.7 and
8.4 * 3.7 at baseline and 8.1 * 3.6 and 7.3 = 4.1 at end of
study, for active PRC-063 and placebo treatment groups,
respectively. The mean global PSQI score for the PRC-063
treatment group was not significantly different from pla-
cebo at end of study (p = .123).

Safety and tolerability. During the DB study, the frequency
of TEAEs were lowest in the placebo group (44.9%) and
increased in frequency with increasing daily dose of PRC-
063 (51.9%, 65.8%, 69.9%, and 74.3% in the 25, 45, 70,
and 100 mg group, respectively). The percent of partici-
pants experiencing severe TEAEs was 2.6% for the placebo
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A Assessed for
Eligibili
‘gibility Total Entered into OL Study
n =465 n=184
Randomizedin DB
Study
i |3'75 Withdrawn n=60 (32.6%)
[ | AEs n =8 (4.3%)
Allocated to Allocated to Withdrawn consent n = 26 (14.1%)
PRC-063 Placebo Lost to Follow-up n = 17 (9.2%) |
n=297 n=78 Protr:uclol viola-ti.on n=2(1.1%)
I Physician decision n = 1 (0.5%)
Study terminated by sponsorn=1(0.5%)
Withdrawnn=33 Other n=5 (2.7%)
AEsn=8(2.7%) Withdrawnn=9 (11.5%)
Lost to follow-up n =11 (3.7%) AEs n=2(2.6%)
Consent withdrawn n =9 (3.0%) Lost to follow-up n = 3 (3.8%)
- It = - i = 9
Non colmplllance n=2(0.7%) Non-compliance n = 1 (1.3%) Completed OL Study
P N _ o, : = 9%,
Protocol violation n = 2 (0.7%) Relocation n =1 (1.3%) n =124 (67.4%)
Incarcerationn=1(0.3%)

Completed DB Study
n = 264 (88.9%)

Completed DB Study
n = 69 (88.5%)

Eligible to Enter OL Study
n=166

Eligible to Enter OL Study
n=42

Enteredinto OL Study
n =146 (88.0%)

Enteredinto OL Study
n = 38(90.5%)

Figure 2. CONSORT diagram of participant disposition during: A. Double-Blind study; B. Open Label study.

ADHD-5-Rating Scale Score (0 to 54
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Visit 4 Visit 5 Visit 6

Visit 3

Baseline

—DPlacebg =——25mg =———45mg =——70mg =—100mg

Figure 3. Clinician-rated total ADHD-RS-5 score by treatment group Visit 2 (Baseline) through Visit 6 during the Double-Blind
study.
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Table 2. Summary of efficacy endpoints by treatment group at the end of the Double-Blind study.
Double-blind study
Placebo 25 mg/day 45 mg/day 70 mg/day 100 mg/day All PRC-063

Efficacy Endpoints (n=178) (n=177) (n=173) (n=173) (n =74) subjects (n = 297)
ADHD-RS-5 total score

Observed score at baseline 357 36.1 36.5 354 37.0 36.3

SD 8.42 8.14 7.19 7.44 7.94 7.68

Observed score at EOS 26.1 242 19.9 24.0 18.7 21.8

SD 12.0 1.9 12.5 1.3 1.5 12.0

p value vs. baseline <.001 <.0001 <.0001 <.0001 <.0001 <.0001
CAARS-Self, t score

Observed score at EOS 60.7 58.8 55.8 60.0 57.4 58.0

SD 13.1 12.1 13.8 1.6 12.2 12.5

p value vs. baseline — NS 0.0380 NS NS NS
CAARS-Observer, t score

Observed score at EOS 60.1 58.1 56.8 585 594 582

SD 12.3 12.7 13.2 133 10.5 12.5

p value vs. baseline — NS NS NS NS NS
CGl-l at EOS n (%) patients

Very much improved 10 (12.8) 10 (13.0) 23 (31.5) 11 (15.1) 16 (21.6) 60 (20.2)

Much improved 13 (16.7) 25 (32.5) 16 (21.9) 15 (20.5) 25 (33.8) 81 (27.3)

Minimally improved 18 (23.1) 17 (22.1) 18 (24.7) 19 (26.0) 9(12.2) 63 (21.2)

No change 25 (32.1) 19 (24.7) I (15.1) 15 (20.5) 10 (13.5) 55 (18.5)

Minimally worse 2 (2.6) I (1.3) I (1.4) 2(2.7) 1 (1.4) 5(1.7)

Much worse I (1.3) I (1.3) 0 0 0 1 (0.3)

Very much worse 0 0 0 0 0 0

Note. RS = Rating Scale; CAARS-Self = Conners’ Adult ADHD Rating Scale—Self: Short Form; CAARS-Observer = Conners’ Adult ADHD Rating
Scale-Observer: Short Form; CGI-I = Clinical Global Impression Scale of Improvement; EOS = end of study; NS = not significant.

treatment group and 4.0% for the PRC-063 treatment group.
One serious adverse event (SAE) of “uterine cancer”
occurred during this study, which was deemed to have “no
reasonable possibility” of relatedness to the study medica-
tion by the investigator.

The most common adverse events (occurring in =5% of
participants receiving PRC-063) from each group are listed
in Table 3. The most frequent adverse events for PRC-063
and placebo were headache, insomnia, and decreased appe-
tite. For participants in the PRC-063 treatment groups, the
higher the dose of the treatment group, the greater the fre-
quency in reports of decreased appetite, whereas reports of
insomnia occurred at a similar frequency, irrespective of
medication dose.

Suicidal ideation was reported at a single visit for one
participant (PRC-063 dose 100 mg), and suicidal behavior
was reported at a single visit for another participant (pla-
cebo). Both participants completed the study without fur-
ther reports of suicidal ideation or behavior.

Weight decreased in a near-dose-dependent fashion in
participants receiving PRC-063 (change from baseline [SD]
of —0.47 [1.55], —0.71 [1.54], —1.73 [5.78], —1.54 [2.15] kg
for the 25, 45, 70, and 100 mg groups, respectively) and

increased (change from baseline 0.62 [1.72] kg) in those
receiving placebo. Minor increases in systolic and diastolic
blood pressure were observed (maximum change from
baseline 1.60 [11.2] mm Hg and 1.75 [7.36] mm Hg, respec-
tively). There were no clinically significant changes from
baseline in laboratory findings or vital signs observed in
any of the treatment arms or during either study.

Open-Label Study

Participants and exposure. Of the first 208 participants who
completed the DB study and were eligible for entry, 184
(88%) entered into the 6-month OL study, 38 of whom were
previously on placebo, and 146 of whom were previously
receiving active PRC-063 (Figure 2A). Of the 184 who
entered, 60 were withdrawn and 124 completed the study
(Figure 2B). The mean starting dose of PRC-063 in the OL
study, based on the investigators’ clinical judgment, was
37.8 = 12.0 mg/day (range = 25-85 mg/day). One week
following OL study initiation, participants’ mean dose was
adjusted to 50.8 = 14.1 mg/day and, by the end of the first
month of the OL study, the mean =+ SD dose of PRC-063 for
all participants had been increased to 64.0 £ 19.8 mg/day



1424

Journal of Attention Disorders 25(10)

Table 3. Summary of treatment-emergent adverse events (TEAEs) for placebo and all PRC-063-treated participants (safety
population) and list of TEAEs occurring in = 5% of the study population receiving PRC-063 for both Double-Blind and Open-Label

studies.
Placebo All PRC-063 treatments (n = 297) All PRC-063 treatments
(n =78) double-blind study (n = 184) open-label study
TEAEs # n % # n % # n %
Any TEAE 77 35 44.9 516 194 65.3 455 145 784
Treatment-related TEAEs 48 25 32.1 392 158 53.2 282 118 63.8
Severe TEAEs 2 2 2.6 17 12 4.0 9 7 3.8
TEAEs leading to withdrawal 2 2 2.6 8 8 2.7 9 9 4.9
Serious TEAEs 0 0 0 I I 0.3 4 4 22
TEAEs occurring in =5% participants receiving study treatment
Headache 10 9 1.5 58 52 17.5 24 20 10.8
Insomnia 3 3 3.8 52 47 15.8 33 28 15.1
Decreased appetite 2 2 2.6 33 33 1.1 15 15 8.1
Dry mouth 3 3 3.8 27 27 9.1 13 12 6.5
Nausea 2 2 2.6 20 18 6.1 15 13 7.0
Initial insomnia I | 1.3 19 18 6.1 25 22 1.9
Irritability 4 4 5.1 17 16 54 14 12 6.5

Note. TEAEs = treatment-emergent adverse events.

(range = 25-100 mg/day). By Month 2, the mean daily dose
(71.1 = 21.3 mg/day) had reached 97% of the optimized
daily dose (73.3 = 21.8 mg/day). More than 80% of partici-
pants were optimized on doses of 55 mg/day or greater. Of
those participants who received active PRC-063 in the DB
study, 89% (n = 131) were optimized at a different dose
during OL [56% of participants (n = 83) received a lower
than optimal dose, and 33% (n = 48) received a higher than
optimal dose during the DB study].

Outcomes. Significant improvements on the ADHD-RS-5
total score from baseline and end of the DB study were
observed within 1 month of entering the OL study (p <
.0001), were sustained at each monthly visit throughout the
OL study, and showed improvements from baseline of 24.4
(ES = 3.32) and from the end of the DB of 11.6 (ES =
1.23), respectively, for participants at Month 6 (p < .0001;
Table 4). By the end of the OL study, 75.5% of participants
had an ADHD-RS-5 score of 18 or less. Results in the OL
study were similar regardless of whether participants were
exposed to placebo or active medication in the DB study.
Following 2 months of OL treatment, improvements on
ADHD-RS-5 total score were ~86% of that achieved after 6
months OL treatment. Compared with prestudy baseline
values, at the end of the 6-month OL study, there was a
68.3% improvement in ADHD symptoms (Table 4).
During the 6-month OL study, 78.4% of participants
experienced TEAEs, of which 4.9% led to study with-
drawal. The most common TEAEs for participants in the
OL study were insomnia, initial insomnia, headache, and
decreased appetite (Table 3). There were four SAEs reported

(Bell’s palsy, dizziness, left breast cancer, and ruptured
patellar tendon), and all were deemed to have “no reason-
able possibility” of relatedness to the study medication.
During the OL study, the mean global PSQI score for all
participants was 5.4 * 3.2, an improvement from the end of
study values during the DB study for all PRC-063-treated
participants. Suicidal ideation was reported by one partici-
pant at Month 5 in the OL study while receiving 45 mg/day.
The participant completed the OL study without further
reports of suicidal ideation or behavior.

Discussion

Following 4 weeks of treatment in this randomized, pla-
cebo-controlled, fixed-dose, community-based study, PRC-
063 significantly improved the severity of ADHD symptoms
in adults, as rated by clinicians using the ADHD-RS-5. This
improvement was statistically superior to that observed
with placebo treatment in the same study. These results
were supported by clinicians’ global ratings of ADHD dis-
ease state, wherein nearly 50% of participants who received
study drug were identified as responders on the CGI-I. This
study failed to show statistical separation on the self and
observer report of the CAARS, though it was not powered
to do so. Overall, participants receiving PRC-063 showed a
mean decrease in ADHD symptom severity from baseline
of 39.9%, greater than the minimum 25% to 30% decrease
from baseline ADHD-RS score previously defined as a clin-
ically detectable response to treatment (Goodman et al.,
2010). Although the randomized, fixed-dose, parallel design
is not optimal for reporting overall improvement across
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Table 4. Summary of ADHD-RS-5 scores over the course of the Open Label study by month, overall and by Double-Blind study
treatment allocation. Results are presented from Double-Blind baseline as well as end of Double-Blind study.
ADHD-RS-5 mean score
DB
treatment Month |  Month2 Month3 Month4 Month5 Month 6
allocation ~ Parameter Baseline End of DB Week | OL oL oL oL oL oL oL
Placebo  n (count) 38 38 27 36 33 32 32 31 29
M 343 26.4 25.9 18.3 13.1 13.0 12.6 14.0 12.7
SD 8.6 9.8 9.8 10.4 7.8 6.3 6.3 6.4 6.6
Active n (count) 146 146 105 144 131 115 106 102 95
M 36.1 22.0 21.8 15.8 12.9 12.0 1.7 10.8 10.9
SD 7.7 12.3 1.0 10.1 8.1 82 8.0 6.3 7.8
All subjects n (count) 184 184 132 180 164 147 138 133 124
M 358 229 22,6 16.3 13.0 12.2 1.9 .5 1.3
SD 7.9 1.9 10.9 10.2 8.0 7.9 7.6 6.4 7.6

Note. RS = Rating Scale; DB = double-blind; OL = open-label.

doses, this is nonetheless a robust improvement as com-
pared with similar trials. Similar improvements in
ADHD-RS scores were achieved with SHP465, triple-bead
mixed amphetamine salts, another long-acting stimulant
with demonstrated efficacy 16 hr postdose (T. Wigal et al.,
2018b).

Although the study did show response and separation
from placebo on two key outcomes of efficacy, not all indi-
vidual dose groups separated from placebo. Even though
both the 25 and 70 mg dose groups improved 32.7% and
33.6%, respectively, from baseline, they were numerically,
but not statistically, superior to placebo.

There was a high placebo response rate of 27.5%
improvement from baseline. Although placebo response
rates of 17% to 40% have been previously observed in mul-
tisite clinical studies in adults with ADHD, depending on
the definitions used (Medori et al., 2008; Waxmonsky et al.,
2011), a review of 10 ADHD clinical development pro-
grams consisting of 17 clinical trials found increasing pla-
cebo and ADHD medication response rates, whereas the ES
for each treatment arm comparison remained the same over
the decade (Khan et al., 2017). In a retrospective cohort
analysis of the placebo arm of a metadoxine study for adult
ADHD (Ben-Sheetrit et al., 2020), it was found that the pla-
cebo response was higher for clinician-rated than self-rated
measures. The authors suggest a possible additive effect,
whereby participant expectations of response may also be
amplified by clinician expectations, leading to higher
improvements in the clinician ratings. Given that the
ADHD-RS-5 and the CGI-I are both clinician-rated mea-
sures, it is possible that such mechanisms were in effect
here. They also suggested an unintended effect of therapeu-
tic interactions with study staff as a mechanism for enhanc-
ing the placebo response, which certainly may have
occurred with the intensity of the DB study weekly visits.

A secondary contributor to the lack of separation of some
strengths from placebo may have been the randomized,
fixed-dose design itself. Although often required by regula-
tors, the procedure of assigning ADHD participants to a
random dose, instead of titrating to an optimized dose for
that individual patient, likely contributes to lower levels of
efficacy. Based on doses subsequently selected in the OL
study through optimization, 89% of the patients in the DB
study were randomized to a dose that was too low—mitigat-
ing optimal effect—or too high—increasing the rates of
drop out and adverse events. Thus, although the study was
conducted in a large community sample, the treatment pro-
tocol during the DB study did not follow current treatment
guidelines for ADHD which stress the importance of dose
optimization (Canadian ADHD Resource Alliance
[CADDRA], 2018; National Institute for Health and Care
Excellence (NICE), 2018).

Our power analysis likely underestimated the sample
size required for a five-group study with a high placebo
response rate and considerable inter-individual variability
in dose response to stimulants, decreasing the likelihood of
measuring a clinically meaningful response within a rela-
tively small number of participants randomized to a dose
inappropriate to their needs.

When the data from the OL study in a subset of the same
participants is examined, it showed that when the dose of
PRC-063 was individually titrated and optimized, ADHD
symptom severity continued to decrease until more than
75% of participants had ADHD-RS-5 total scores of 18 or
less, indicating symptom remission. By 2 months, the mean
OL dose reached approximately 97% of the final optimized
OL dose, suggesting that the majority of participants were
dose optimized by that time. This appeared to correlate with
the decrease in symptom severity, which appeared to pla-
teau at Month 2, with a 64% improvement from baseline,
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which was maintained for the remainder of the OL study.
This supports the importance of individualized dose optimi-
zation, allowing participants to derive maximal effect from
the medication. The fact that the time-course of continued
improvement in the OL study matches the time-course of
the dose optimization protocol suggests that the continued
improvement observed was based on participants receiving
an appropriate dose, and not a delay in onset of efficacy.
Slow improvement over months of treatment is not charac-
teristic of stimulants—where onset of action is generally
almost immediate from the point of dose optimization—nor
is it characteristic of the placebo response—typically most
robust early on in treatment and attenuating over time. This
also suggests that the low ES of the DB study of 0.40 can be
partially explained by a majority of patients being under or
over medicated. Other factors contributing to the robust
response in OL versus DB would include selection bias of
responders entering OL, the expectation of active treatment,
and improved response especially in those who were ran-
domized to very low doses or placebo in the DB.

The study medication was well tolerated, with no signifi-
cant differences compared with placebo in sleep quality,
satisfaction with appetite, or overall TEAEs. Only three
TEAEs occurred in >10% of participants on PRC-063:
headache, insomnia, and decreased appetite. The primary
safety and tolerability profile of PRC-063 was similar to
other long-acting psychostimulants in terms of type and fre-
quency of TEAEs (T. Wigal et al., 2018b). The rates of
TEAEs such as headache, decreased appetite, and dry
mouth were reduced in the OL study once dose optimiza-
tion occurred. There were no significant differences in
global sleep quality (PSQI) score in the DB study between
those receiving PRC-063 and those receiving placebo, and
sleep outcome did not worsen in the OL study. Although
melatonin was allowed for subjects who had taken a stable
dose for at least 4 weeks prior to DB study entry, only a
small number of subjects (2.7%) took melatonin during the
trial.

Limitations

The conclusions are limited by some aspects of the study
design. First, due to the magnitude of the placebo response,
the DB study was not adequately powered to assess the
effect of the individual PRC-063 doses. The limitations of
the forced dose randomization design are more evident
when considered in light of the outcomes observed in the
dose-optimized OL study. Given the high inter-individual
variability in dose response, the DB study does not reflect
clinical outcomes that may be achieved for patients ran-
domized to optimized doses of this 16-hr MPH versus pla-
cebo if each patient were maintained for a sufficient period
of time. Although the OL study demonstrates the potential
impact of optimally dosed PRC-063, it is limited by the lack

of a blinded placebo control. Although it is acknowledged
that more sophisticated methods of analyzing the data are
possible, the results reported here are based on the statisti-
cal analysis plan proposed in the original protocol for regu-
latory purposes, and are therefore simple, generalizable,
and repeatable by design.

Conclusion

These studies demonstrated the efficacy, safety, and tolera-
bility of a novel multilayer-release 16-hr MPH treatment on
core symptoms of ADHD, and the potential for maximal
improvement with dose optimization. The medication was
well tolerated, with an AE profile comparable with what has
been seen in other stimulant studies in adults. Treatment
with PRC-063 did not seem to occur at the expense of sleep,
with a majority of patients considered to have normal sleep
at the end of treatment. Adults may benefit from 16-hr for-
mulations which cover the duration of a typical adult day,
without the challenges of having to augment with additional
doses of stimulants. To obtain a better understanding of the
actual efficacy of PRC-063, a double-blind, randomized
dose-optimized study would be needed.
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