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Single-Dose Pharmacokinetics and Pharmacodynamics of
IPX203 in Patients With Advanced Parkinson Disease:
A Comparison With Immediate-Release Carbidopa-Levodopa
and With Extended-Release Carbidopa-Levodopa Capsules

Nishit B. Modi, PhD, Aravind Mittur, PhD, Robert Rubens, MD, Sarita Khanna, PhD, and Suneel Gupta, PhD

Objective: IPX203 is an investigational oral extended-release capsule
formulation of carbidopa-levodopa (CD-LD). The aim of this study was
to characterize the single-dose pharmacodynamics, pharmacokinetics, and
safety of IPX203 in subjects with advanced Parkinson disease compared with
immediate-release (IR) CD-LD and extended-release CD-LD (Rytary).
Methods: This was a randomized, open-label, rater-blinded, multicenter,
single-dose crossover study. Blinded clinicians assessed subject's motor state
and Movement Disorders Society Unified Parkinson's Disease Rating Scale
(MDS-UPDRS) part I scores for up to 10 hours postdose. Duration of effect
was determined using improvement thresholds in the MDS-UPDRS part 11
Results: Levodopa concentrations increased rapidly and similarly across
all 3 treatments and were sustained for a longer duration after [PX203 dos-
ing. All treatments exhibited a rapid onset of pharmacodynamic effect,
whereas IPX203 had a significantly longer duration of effect based on
MDS-UPDRS part III scores compared with IR CD-LD (P < 0.0001)
and Rytary (P < 0.0290). IPX203 had a 2.7-hour advantage over IR CD-
LD (P < 0.0001) and a 0.9-hour advantage over Rytary in “off” time
(P = 0.023) and in “good on” time (2.6 hours more than IR CD-LD,
P < 0.0001; 0.9 hours more than Rytary, P = 0.0259) as measured by the
Investigator Assessment of Subject's Motor State. Subjects were 77% more
likely to require rescue following IR CD-LD treatment compared with
IPX203 (hazard ratio, 0.23; P < 0.0001). More subjects reported treatment-
emergent adverse effects during IR CD-LD (28.0%) and 1PX203 (19.2%)
than during Rytary (8.0%) treatment.

Conclusions: Compared with Rytary and IR CD-LD, IPX203 had a
longer pharmacodynamic effect consistent with LD pharmacokinetics for
the 3 treatments. The safety and tolerability of IPX203 were similar to those
of IR CD-LD and Rytary.
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P arkinson disease (PD) is characterized pathologically by pro-
gressive degeneration of dopaminergic nigrostriatal neurons
and depletion of dopamine and manifests clinically in the core
symptoms of rigidity, tremor, bradykinesia, postural instability,
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and gait disturbance. Levodopa (LD) in combination with an aro-
matic amino acid decarboxylase inhibitor such as carbidopa (CD)
is considered a highly effective long-term symptomatic treatment
of PD, and virtually all patients require this therapy during the
course of their disease. Patients with advanced PD typically require
frequent administration of immediate-release (IR) LD."

As PD progresses and nigrostriatal dopaminergic transmis-
sion deteriorates, the brain becomes dependent on exogenous
LD. Patients with advanced PD are typically treated with frequent
administrations of oral IR CD-LD formulations,' which result in
fluctuating and variable plasma LD levels primarily due to its short
half-life, variability in gastric emptying, and absorption limited to
the small intestine.> Most patients with advanced PD using short-
acting dopaminergic therapies eventually develop motor complica-
tions, including slowness in turning “on,” end-of-dose wearing-off,
unpredictable “on-off” motor fluctuations, and peak-dose dyski-
nesias.>* These motor complications are associated with episodes
of poor mobility, slowness, stiffness, postural instability, and pro-
found disability to perform activities of daily living.” Increasingly,
nonmotor symptoms are also being recognized as troubling and
disabling to PD patients.* Motor fluctuations are generally man-
aged by optimization of dosing intervals, use of extended-release
(ER) CD-LD formulations, and by the use of combination regimens
that include CD-LD, longer-acting dopamine agonists, enzyme in-
hibitors (catechol-O-methyltransferase and monoamine oxidase),
and amantadine.® Eventually, for some patients, invasive therapies
(direct continuous duodenal infusion and deep brain stimulation)
are recommended when motor complications become refractory
to standard treatments.””’

IPX203 is a new investigational ER formulation of CD-LD
that is being developed for the treatment of patients with PD.
IPX203 was designed to rapidly deliver therapeutic LD plasma
concentrations and to maintain them within the therapeutic range
for a longer duration than current orally administered CD-LD
products with minimal peak to trough fluctuations. IPX203 is
designed to be dosed every 8 hours. The formulation has an im-
proved LD bioavailability compared with ER CD-LD capsules
(Rytary, Numient; Impax Laboratories, LLC, Hayward, CA), and
has dose-proportional strengths, which should facilitate dosing.

The objectives for this investigation were to characterize the
single-dose pharmacodynamics and pharmacokinetics (PK) of
IPX203 in patients with advanced PD and to compare the profile
to IR CD-LD and Rytary.

MATERIALS AND METHODS

This randomized, open-label, rater-blinded, multicenter,
3-treatment, 3-period, single-dose crossover study was designed
to assess the pharmacodynamics/efficacy, PK, and safety of a
single dose of IPX203 compared with IR CD-LD and Rytary.
Approximately 26 qualified subjects with advanced PD and
motor fluctuations who were on a stable dose of IR CD-LD were
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randomized to 1 of 3 dosing sequences to receive IR CD-LD,
Rytary, and IPX203.

Study Participants

Eligible subjects had a diagnosis of idiopathic PD by UK
Parkinson Disease Brain Bank criteria'® with onset after age
40 years, a Hoehn and Yahr® stage 2 to 4, a Montreal Cognitive
Assessment score of at least 24,!' and a total score of at least
20 units on part III of the Movement Disorders Society Unified
Parkinson's Disease Rating Scale (MDS-UPDRS) in the “off” state'?
and that was at least 25% or 10 units greater than in the “on” state.
Subjects were required to be on a stable dose of LD for at least
4 weeks and required a morning IR LD dose of 100 to 250 mg, a total
IR LD daily dose of at least 400 mg but not exceeding a maximum
daily LD dose of 1600 mg during waking hours, and an IR CD-LD
dosing frequency of at least 4 doses per day excluding nighttime
dosing. By history, subjects were responsive to LD, typically
experiencing an “on” response with the first morning dose of IR
CD-LD. In addition, subjects experienced daily “wearing off” ep-
isodes with periods of bradykinesia and rigidity and an “off”’ state
upon awakening on most mornings; the first morning dose of IR
CD-LD usually lasted less than 4 hours, typically “wearing oft™”
prior to the next dose, or the subject took a second dose of PD
medication prior to 4 hours to avoid an “off” state. Based on a
3-day PD diary,'® subjects experienced an average of at least
2 hours of “off” time per day with at least 1 hour “off” on each
day. Exclusion criteria included prior functional neurosurgical treat-
ment for PD or history of a recent seizure or epilepsy, psychosis,
peptic ulcer disease or gastrointestinal hemorrhage or any medical
condition or prior surgery that would interfere with LD absorption.
Subjects were also excluded if they had received any morning dose
of controlled-release or ER LD, additional CD or benserazide, any
doses of catechol-O-methyltransferase inhibitors or nonselective
monoamine oxidase inhibitors, apomorphine, or dopaminergic-
blocking agents within the previous 4 weeks.

Study Design

Subjects were randomly assigned to 1 of 3 sequences to re-
ceive IPX203, IR CD-LD, and Rytary. During each treatment,
subjects presented to the clinic after fasting and in the “off™ state
with their last dose of CD-LD and other PD medication taken no
later than 10 PM the previous evening. Subjects received a single
dose of their study medication in the clinic, with washout periods
of approximately 1 week between treatments. Subjects continued
taking IR CD-LD between study visits. Pharmacodynamic, PK, and
safety assessments were conducted for 10 hours after each treat-
ment. If a subject experienced an “oft™ state for more than 3 con-
secutive hours, the subject could receive rescue medication with
his/her usual CD-LD treatment and no further pharmacodynamic
or PK assessments were conducted for that treatment visit. Safety
evaluations were conducted throughout the study duration.

Selection of Doses

The dose of IR CD-LD was the same as the subject's prestudy
(stable) morning baseline dose. The dose of IPX203 and Rytary
was chosen based on previous PK findings in healthy subjects
and was intended to attain peak LD plasma concentrations (Cpay)
that were approximately +20% of the C,,, obtained after admin-
istration of the subjects' IR CD-LD dose. A 100-mg dose of IR
CD-LD converted to 360 mg of IPX203 and to 340 mg of Rytary;
doses greater than 100 mg of IR CD-LD were converted to IPX203
or Rytary on a proportional basis.

© 2018 The Author(s). Published by Wolters Kluwer Health, Inc.

Ethical Conduct

The study was reviewed and approved by the institutional re-
view boards of the participating institutions. It was conducted in
compliance with the Declaration of Helsinki, the clinical protocol,
and Good Clinical Practice guidelines promulgated by the Interna-
tional Conference of Harmonization. All subjects provided written
informed consent. The study was registered with a clinical trials
registry (ClinicalTrials.gov identifier NCT02271503).

Pharmacodynamic and PK Assessments

The Investigator Assessment of Subject's Motor State is
similar to the patient Hauser Diary'® but modified for this 10-hour
series of in-clinic assessments by qualified site staff who were
blinded to treatment assignment. Assessments were performed
predose and half-hourly up to 10 hours postdose, and motor states
were assigned as asleep, “off,” “on” without dyskinesia, “on” with
nontroublesome dyskinesia, or “on” with troublesome dyskinesia.
The state of “good on” was defined as the sum of “on” without
dyskinesia and “on” with nontroublesome dyskinesia.'* The
MDS-UPDRS part III (motor examination) was assessed predose
and hourly up to 10 hours postdose by a qualified clinician
blinded to treatment assignment. In addition, plasma samples
for measurement of LD concentrations were obtained for up
to 10 hours.

Statistical Analysis

Statistical analyses comparing pharmacodynamic responses
by treatment were conducted in subjects who received all 3 treat-
ments. For analyses purposes, all time points after rescue were im-
puted “off” for the Investigator Assessment of Subject's Motor
State and baseline observation carried forward for MDS-UPDRS
part III. The primary pharmacodynamics end point was the mean
total “off” time, with the primary comparison being IPX203 and
IR CD-LD. The total duration of each motor state based on the
Investigator Assessment of Subject's Motor State was compared
using a mixed-model analysis of variance with treatment, period,
and sequence as fixed effects and subject-within-sequence as a
random effect. In addition, treatment differences in the proportion
of subjects with “good on” state by various time durations were
compared. Postdose treatment differences in the MDS-UPDRS
part III total scores were analyzed using a mixed-model analysis
of covariance with treatment, period, and sequence as fixed
effects, baseline as covariate, and subject-within-sequence
as a random effect. Duration-of-effect results, that is, duration
of improvements in MDS-UPDRS part III score of at least 4,
7, or 13 points from treatment predose average, were summarized.
Time to rescue across the 3 treatment groups was analyzed using a
Cox regression model adjusting for treatment, period, and se-
quence. Statistical analyses were conducted using SAS version
9.4 (Cary, NC).

Safety Assessments

Adverse events (AEs) were monitored throughout the study.
Adverse events were assessed in terms of severity (mild, moderate,
severe) and relationship to study drug. Additional safety assess-
ments included physical examinations, vital signs, electrocardio-
grams, and clinical laboratory tests.

RESULTS
Patient Disposition and Baseline Characteristics

A total of 46 subjects were screened, and 26 subjects were
randomized at 10 study sites in the United States; 25 subjects
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(96.2%) completed all 3 treatments. Baseline demographic and
clinical characteristics of the cohort of subjects who completed
all treatments included a mean age of 66.2 years, mean age at
PD onset at 57.4 years, and an average duration of PD of 9 years,
and all subjects were Hoehn and Yahr stage 2 or 3. Participants
were primarily white (92.0%) and equally split by sex (52.0%
male). The mean IR LD total daily dose was 745 mg, and on
average subjects received 4.8 doses of IR CD-LD per day. Subjects
had a mean “off”” time of 6.1 hours per day based on the 3-day diary
prior to the first treatment visit.

Levodopa Dose and PK

The mean LD doses administered to subjects who completed
all 3 treatments were 168, 587, and 538 mg for IR CD-LD, IPX203,
and Rytary, respectively. Levodopa plasma concentrations in-
creased rapidly after dosing, and peak LD concentrations were
generally comparable (within approximately +20%) across treat-
ments (2492, 3161, and 2839 ng/mL for IR CD-LD, IPX203,
and Rytary, respectively). Levodopa plasma concentrations were
sustained above 50% of peak LD concentrations for 1.9, 4.7,
and 3.9 hours for IR CD-LD, IPX203, and Rytary, respectively.
The bioavailability of LD from IPX203 and Rytary relative to IR
CD-LD based on the ratio of geometric mean AUC values was
85.5% and 71.8%, respectively.

Investigator Assessment of Subject Motor State
The mean “off” time was 4.5 hours following IPX203 treat-
ment, 7.2 hours following IR CD-LD, and 5.4 hours following
Rytary, demonstrating a 2.7-hour advantage for IPX203 over IR
CD-LD (P < 0.0001) and a 0.9-hour advantage over Rytary
(P =0.023) (Table 1). The reduction in “off”” time with IPX203
was accompanied by a corresponding increase in “good on” time—
2.6 hours more than for IR CD-LD (P < 0.0001) and 0.9 hour more
than for Rytary (P < 0.0259). Following treatment with [PX203, a
significantly larger proportion of subjects achieved at least 4, 5, 6,
and 7 hours of “good on” time compared with IR CD-LD and

Rytary (Fig. 1).

Movement Disorders Society Unified Parkinson's
Disease Rating Scale Part llI

After IPX203 treatment, subjects experienced significantly
greater improvement (decrease) from average predose MDS-
UPDRS part III scores over 10 hours compared with IR CD-LD
(—12.70 vs —6.62 units; P < 0.0001) and also compared with
Rytary (—=12.70 vs —9.33 units; P = 0.0333). Improvements in
MDS-UPDRS part I1I scores were similar for all 3 treatments dur-
ing the first 2 hours (Fig. 2), consistent with the PK findings and
suggestive of a similar onset of effect. When examined hour-by-
hour, the decrease in MDS-UPDRS part III scores following
IPX203 was significantly improved compared with IR CD-LD
from 3 to 10 hours (all P = 0.029; Fig. 2), and Rytary showed a
significant difference compared with IR CD-LD from 3 to 5 hours
(all P = 0.0042). IPX203 showed significant differences com-
pared with Rytary from 5 to 10 hours (all P < 0.0352) except at
7 hours where the improvement did not reach statistical signif-
icance (P = 0.0601). Based on MDS-UPDRS part III results,
IPX203 had a significantly longer duration of effect compared with
IR CD-LD (P < 0.0001) and compared with Rytary (P < 0.0290),
measured by the duration of 4-, 7-, and 13-point improvements
from average predose value (Fig. 3).
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FIGURE 1. Proportion of subjects with “good on” of various time
durations following single doses of IPX203, IR CD-LD, and Rytary.
The calculated state of “good on” is the sum of “on” without
dyskinesia and “on” with nontroublesome dyskinesia.

Use of Rescue Medication

Subjects were 77% more likely to require rescue during
IR CD-LD treatment compared with IPX203 (hazard ratio,
0.23; P <0.0001).

Safety and Tolerability

All subjects who received at least 1 treatment were included
in the safety evaluation. No serious AEs were reported, and none
of the AEs led to discontinuation from the study. More subjects re-
ported treatment-emergent AEs (TEAEs) following IR CD-LD
(28.0%) and IPX203 (19.2%) than following Rytary (8.0%).
The majority of TEAEs were categorized as mild, and none were
classified as severe. Treatment-emergent AEs reported by 2 or
more subjects included dizziness (1 subject each during IPX203
and Rytary treatment and 2 subjects during IR CD-LD treatment),
nausea (2 subjects during IR CD-LD treatment), and hypertension
(2 subjects each during IPX203 and IR CD-LD treatment and 1
subject during Rytary). There were no clinically meaningful
changes in laboratory values or in vital signs (systolic or diastolic
blood pressure or heart rate). Within 6 hours after dosing, median
changes from predose in standing orthostatic systolic and diastolic
blood pressure and heart rate were negligible and similar between
the 3 treatments. Overall, IPX203 was generally well tolerated.
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FIGURE 2. Change in MDS-UPDRS part Il following single doses of
IPX203, IR CD-LD, and Rytary. Horizontal dashed lines represent
4-, 7-, and 13-point improvements from average predose value.
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DISCUSSION

IPX203 is being developed as an oral ER CD-LD formula-
tion to provide rapid initial absorption of LD and then to sustain
LD plasma concentrations for an extended period compared with
currently available CD-LD products. The current study compared
the single-dose PK and rater-blinded pharmacodynamics profiles
of IPX203, IR CD-LD, and Rytary in patients with advanced PD
experiencing motor fluctuations.

The PK data demonstrated that the initial increase in LD
plasma concentrations from IPX203 was comparable to that seen
with IR CD-LD and Rytary, and pharmacodynamic improvements
were likewise similar between treatments during the first 2 hours
postdose. Following the initial increase, LD concentrations were
sustained for longer with IPX203 than with IR CD-LD or Rytary.
Overall, IPX203 sustained LD concentrations above 50% of the
peak for approximately 0.8 hour longer than Rytary and 2.8 hours
longer than IR CD-LD. In addition, IPX203 demonstrated im-
proved LD bioavailability compared with Rytary.

There was good concordance between LD PK and pharma-
codynamic responses as assessed by the Investigator Assessment
of Subject's Motor State and changes in MDS-UPDRS part I1I
scores. A rapid onset of effect following treatment with IPX203
was demonstrated by the clinician-rated MDS-UPDRS part 111
scores. The Investigator Assessment of Subject's Motor State
demonstrated significant improvements in “off” time and in “good
on” time following IPX203, both of which approximated 2.7 hours
and 0.9 hour compared with IR CD-LD and Rytary, respectively.
The IPX203-related improvements in the Investigator Assessment
of Subject's Motor State “on” and “off” times were independently
corroborated by the unequivocal improvements in the duration of
effect as measured with prespecified improvement thresholds in
MDS-UPDRS part III scores. The PK and pharmacodynamic
advantages of IPX203 may have also manifested in fewer sub-
jects requiring rescue treatment and a longer time to rescue for
IPX203 compared with IR CD-LD and Rytary.

In this study, patients were administered their individualized
usual morning dose of IR CD-LD in order to ensure that study
participants achieved an adequate “on” state and to allow an equi-
table comparison. The doses of Rytary and of IPX203 were based
on their morning dose of IR CD-LD using a dose-conversion
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algorithm intended to result in LD concentrations that were compa-
rable to the peak IR CD-LD dose. Because the different subjects re-
ceived different doses of CD-LD, it is difficult to compare the LD
concentrations across patients to assess variability without account-
ing for differences in dose. Historically, some studies have adminis-
tered fixed doses of CD-LD to patients. Although this study design
allows comparison of the PK, a limitation to this approach is that
some subjects may be underdosed or overdosed. We have taken
the approach of using an individualized dose in this study because
in our view this allows the most rigorous assessment of the pharma-
codynamics, which ultimately is the focus of patient therapy. The
mean LD dose during IR CD-LD treatment in this study was
168 mg, which is similar to the LD dose (165 mg) for IR CD-LD
noted in a previous comparative pharmacodynamics study.'> In this
study comparing the PK of Rytary with IR CD-LD, peak concen-
trations of LD were 3000 and 2360 ng/mL, for mean LD doses of
664 and 165 mg for Rytary and IR CD-LD.'® This corresponds to
2431 and 2403 ng/mL for mean LD doses 538 and 165 mg for
Rytary and IR CD-LD noted in the present study. The estimated
LD concentrations using data from this published study are very
comparable to the LD concentrations noted for Rytary and IR
CD-LD in the current study.

Overall, there were no differences in the safety and tolera-
bility between the 3 treatments. The most common TEAEs were
dizziness, nausea, and hypertension.

This exploratory crossover pharmacodynamic study in pa-
tients with PD had some methodological limitations. This was a
single-dose study in a relatively small number of patients in which
the identity of IR CD-LD, Rytary, and IPX203 was not blinded to
the subjects. The doses of Rytary and of [PX203 were based on a
dose-conversion algorithm intended to result in LD concentrations
that were comparable to the peak IR CD-LD dose; however, the
doses of these treatment were not optimized with a titration. Hence,
the results from this single-dose study may not reflect the outcomes
from multiple dosing where patients are able to adjust their treat-
ment regimen to optimize efficacy and tolerability. This study used
the Investigator Assessment of Motor State pharmacodynamic
measure rather than a typical 3-day Hauser PD diary used in a
longer-term efficacy study.

Despite these limitations, the results from this single-dose
study are very informative and present comparative pharmacody-
namic data in the patient population of interest, supporting further
investigation in a multiple-dose study.

In summary, IPX203 was well tolerated in this single-dose
study in patients with advanced PD with motor fluctuations.
IPX203 provided a rapid onset of effect, comparable to IR CD-LD
and Rytary, and improved bioavailability compared with Rytary.
IPX203 treatment resulted in a longer duration of effect compared
with IR CD-LD and Rytary.
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