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Abstract

Background and Objective An orodispersible tablet (ODT) formulation of morphine sulfate has been developed to provide
a novel alternative for patients with severe pain requiring opioids. This formulation has been developed in a range of doses
(1-30 mg), enabling relief from severe pain to be achieved and maintained with the lowest possible morphine dose for each
patient. The ODT formulation is particularly suitable for patients with swallowing difficulties.

Objective The aim of this study was to compare the pharmacokinetics and bioequivalence of the ODTs with reference
formulations of morphine sulfate.

Methods Three randomized, single-dose, laboratory-blinded, phase I, crossover studies were conducted in adult healthy
volunteers under fasting conditions. The pharmacokinetics of a 30 mg morphine sulfate ODT were compared with those of
equivalent doses of currently marketed oral immediate-release formulations: tablets (Sevredol®), capsules (Actiskenan®),
and a solution (Oramorph®). The bioequivalence of 30 mg and 10 mg doses of the ODTs and tablets was then assessed in
two further studies. Subjects were asked to complete a product appreciation questionnaire for two morphine formulations
(ODT and solution).

Results A total of 104 subjects were included across the three studies. The pharmacokinetics of the ODTs were assessed
in 100 subjects and were found to be similar to those of the reference formulations. The time to maximum plasma concen-
tration (7,,,,) for the ODTs was 0.8 h, within the range observed for the reference formulations (0.75-1.25 h). Maximum
plasma concentrations (C,,,,) for the ODTs were 7.7 & 2.7 ng/mL for the 10 mg dose and 26.1 + 10.0 ng/mL for the 30 mg
dose. These values were similar to those obtained for the 10 mg and 30 mg tablets (8.0 + 2.9 ng/mL and 28.5 + 11.9 ng/mL,
respectively), and for the 30 mg capsule (29.9 + 13.0 ng/mL). A higher C,,,, was observed for the solution (37.9 + 16.5 ng/
mL). Plasma exposure to morphine (area under the plasma drug concentration-time curve [AUC]) after ODT administration
was similar to that observed for the reference formulations: 39.8 + 14.8 ng-h/mL and 115.5 + 34.6 ng-h/mL for the 10 mg and
30 mg ODTs, versus 40.7 & 13.5 ng-h/mL and 117.4 + 31.5 ng-h/mL for the 10 mg and 30 mg tablets, and 121.8 + 32.0 ng-h/
mL and 121.0 + 35.7 ng-h/mL for the 30 mg solution and capsule, respectively. Bioequivalence of the 30 mg and 10 mg
ODTs and tablets, assessed in 83 patients across two studies, was demonstrated for both the C,,,, and AUC from time zero to
time ¢ (AUC,_,). No serious or unexpected drug-related events were reported. A product appreciation questionnaire concluded
that both ODTs and oral solution products were considered pleasant by most of the subjects.

Conclusion The ODTs were safe, well tolerated, and showed similar pharmacokinetics to those of the reference formulations.
The development of a range of doses of morphine sulfate ODTs may provide a new alternative for the oral administration of
immediate-release morphine for pain management in pediatric, geriatric and adult populations with swallowing problems.
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An orodispersible tablet (ODT) formulation of morphine
sulfate has recently been developed in a range of doses
to provide an easy and flexible mode of administration
of this opioid for severe pain management in pediatric,
elderly and adult patients.

This orodispersible formulation is particularly suitable
for patients with swallowing problems.

The current studies showed that the pharmacokinetic,
safety and palatability profiles of the ODTs were similar
to those of marketed products, and demonstrated the
bioequivalence of two different doses of the ODT with
marketed solid tablet formulations.

1 Introduction

Morphine is well established as a first-line strong opioid
in the treatment of moderate-to-severe pain [1] and its
pharmacokinetic profile has been extensively studied [2].
Morphine sulfate is well absorbed and undergoes first-pass
metabolism in the liver and gut. It is distributed throughout
the body. Its main metabolites are morphine-3-glucoronide
and morphine-6-glucoronide. Its mean plasma elimination
half-life after intravenous administration is about 2 h [2].
Morphine depicts linear pharmacokinetics over a large range
of doses including the 1-30 mg range [3-5]. A wide range
of morphine formulations are included in the World Health
Organization (WHO) model list of essential medicines for
pain and palliative care, and for preoperative medication and
sedation for short-term procedures in both children [6] and
adults [7]. Morphine can be administered as oral immediate-
release or modified-release tablets or capsules, as an oral
solution/suspension, or as parenteral forms.

Determining the appropriate morphine dosage requires
careful assessment of the type and site of origin of the pain,
as well as careful consideration of the optimal treatment
form. Indeed, the WHO [1] guidelines for the pharmaco-
logical and radiotherapeutic management of cancer pain in
adults and adolescents specify that the goal of pain manage-
ment is to reduce pain to a level that allows for a quality of
life that is acceptable to the patient. The benefit of pain relief
must also be balanced against the risk of adverse effects and
overdose, which may result in respiratory depression.

The WHO [1], the European Society for Medical Oncol-
ogy (ESMO) [8], the Centers for Disease Control and Pre-
vention (CDC) [9] and the American Geriatrics Society [10]
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have made the following general recommendations for the
prescription of opioids in pediatric, adult, and elderly popu-
lations: use of the least invasive route, i.e. the oral route, to
reduce patient discomfort; use of the lowest effective dose;
and use of a titration method to allow the lowest opioid dos-
age for pain control to be reached as rapidly as possible.

However, the use of solid oral drugs is not recommended
in infants and young children [11], as well as in some elderly
or adult patients, notably those with dysphagia, because of
the risk of choking. Therefore, Ethypharm has developed an
orodispersible tablet (ODT) formulation of morphine sulfate
in a range of doses, including 1, 2.5, 5, 10, 20 and 30 mg
formulations. The ODTs have been formulated to disperse
rapidly in the mouth, or in a small quantity of water in a
spoon, and then be easily swallowed. The wide range of
doses was developed to allow titration to be started with the
lowest possible dose, thus allowing the lowest maintenance
dose for pain control to be achieved in all populations, from
pediatric to geriatric patients. Notably, the 1 mg and 2.5 mg
ODTs were developed to meet the needs of patients requir-
ing low doses of morphine sulfate, as no immediate-release
morphine formulations at these doses are currently avail-
able on the market. The ODTs also contain sweeteners and
orange peel extract to counterbalance the bitterness of the
active substance and make the taste of the ODTs acceptable
for both children and adults.

Herein, we describe the results of three phase I studies
that were conducted in adult healthy volunteers to com-
pare the performance of the ODTs with that of marketed
products. First, a pilot study was conducted to evaluate the
pharmacokinetic properties and relative bioavailability of
the 30 mg morphine sulfate ODT compared with three oral
immediate-release formulations: a tablet form (Sevredol®),
a capsule form (Actiskenan®) and a solution (Oramorph®).
Two pivotal studies were then performed to assess the bio-
equivalence of the 30 mg and 5 mg morphine sulfate ODTs
and the tablet form (Sevredol®). The comparative safety,
tolerance and palatability of the ODTs and reference prod-
ucts were also assessed.

2 Methods

All studies were conducted in accordance with the ethical
principles of the Declaration of Helsinki, the International
Council for Harmonization (ICH) Guideline E6 for Good
Clinical Practice (GCP), European regulation EU 536/2014,
and the Tri-Council Policy Statement (Canada). All sub-
jects volunteered to participate in the studies and signed an
informed consent form (ICF) before screening. The study
protocols and ICFs were approved by Health Canada and
by an independent Institutional Review Board (Advarra).
The bioequivalence studies were designed using a bracketing
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approach, as recommended by the guideline on the inves-
tigation of bioequivalence [12]. All samples were ana-
lyzed using bioanalytical methods validated according to
the guideline on bioanalytical method validation [11] and
in compliance with Good Laboratory Practice guidelines
(Directives 2004/9/EC and 2004/10/EC).

2.1 Study Designs and Setting

The studies were conducted at the site of the clinical
research organization Altasciences in Laval (Quebec,
Canada). The pilot study was conducted from November
to December 2018 using a randomized (1:1:1:1 ratio),
single-dose, laboratory-blinded, four-period, four-sequence,
crossover design. The two pivotal studies were conducted
from July to August 2019 and during August 2019, and
both used a randomized (1:1 ratio), single-dose, laboratory-
blinded, two-treatment, four-period, two-sequence, fully
replicated, crossover design. In all studies, assignment of
the drug administration sequence was carried out using a
computer-generated randomization list. All study drugs
were administered under a fasting state, generating the
most sensitive conditions for detecting potential differences
between formulations.

2.2 Subjects

For the pilot study, it was estimated that 20 subjects were
required to obtain a good estimate of intrasubject variability.
Based on this estimate, the minimum number of subjects
needed to meet the widened bioequivalence range with a
statistical a priori power of at least 80% was about 38 for
a replicate design study. To account for potential dropouts,
42 subjects were included in each of the pivotal studies. The
main eligibility criteria were identical for all three studies.
Eligible participants were healthy male or female subjects
aged between 18 and 50 years, with a minimal body weight
of 60 kg and a body mass index (BMI) within 18.5-30 kg/m?
for men and 20-30 kg/m2 for women, and who were non- or
ex-smokers (for >180 days) with no history of opioid addic-
tion. Women of childbearing potential had to be using an
acceptable method of contraception.

2.3 Study Drugs

The following oral morphine sulfate formulations were
evaluated: 30 mg and 5 mg ODTs (Ethypharm, France),
Actiskenan® 30 mg immediate-release capsules (Ethypharm,
France), Sevredol® 10 mg scored film-coated tablets (Bard
Pharmaceutical Limited, UK), and Oramorph® 30 mg/5 mL
unit dose solution (L.Molteni & C. Dei Fratelli Alitti
Societa di Esercizio S.P.A., Italy). A concomitant oral
opiate antagonist, naltrexone hydrochloride in 50 mg tablets

(Revia®, Duramed Pharmaceuticals, Inc., USA), was also
administered.

2.4 Study Procedures

Subjects were admitted to the clinical site on Day — 1. They
were asked to fast overnight, for a minimum of 10 h prior to
drug administration and for up to 4 h thereafter. Water was
allowed, except for during the 1 h before and up to 1 h after
administration, unless required for drug delivery. For the
30 mg dose studies, subjects first received a single 50 mg
oral dose of naltrexone, 1 h prior to dosing, to block the
subjective effects of morphine. For the 10 mg dose study,
no opioid antagonist was administered. In each study, there
was a 7-day washout period between treatments.

2.5 Pilot Study

On Day 0, subjects received one of the assigned products.
Prior to dosing with 1 X 30 mg ODT, subjects were asked
to pre-wet their mouth with 20 mL of water. The ODT
was then placed onto the tongue and subjects were asked
to suck the ODT until disintegration and then to swallow
their saliva. The 1 x 30 mg capsule and 3 X 10 mg tablets
were administered with 240 mL of water. Correct dosing
of the 30 mg/5 mL solution was ensured by asking subjects
to swallow the content of the single-dose vial followed by
20 mL of water used to rinse the vial. For pharmacokinetic
analysis, blood samples (6 mL) were collected before nal-
trexone administration and at 0.08, 0.25, 0.50, 0.75, 1.00,
1.25, 1.50, 1.75, 2.00, 2.50, 3.00, 4.00, 6.00, 8.00, 12.00,
16.00 and 24.00 h following morphine administration.

2.5.1 Pivotal Studies

The ODTs (1 X 30 mg or 2 X 5 mg) and tablets (3 X 10 mg
or 1 X 10 mg) were administered as described for the pilot
study. It should be noted that Sevredol® is not available in
a 5 mg tablet. For pharmacokinetic analysis, blood samples
(6 mL) were collected before administration and at 0.08,
0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.50, 3.00,
4.00, 6.00, 8.00, 12.00, 16.00, 24.00, 30.00 and 36.00 h
following morphine administration.

2.6 Outcomes

The primary outcome of the pilot study was comparison
of the morphine sulfate pharmacokinetic parameters of the
test formulation (1 X 30 mg ODT) and the three reference
formulations (3 x 10 mg tablets, 1 X 30 mg capsule and a
30 mg/5 mL solution), including analyses of the maximal
plasma concentration (C,,,,), plasma exposure (area under
the curve from time zero to time ¢t [AUC,,_,] and from time
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zero to infinity [AUC,__]), time to maximum plasma
concentration (7,,,,) and half-life (7,,), and estimation of
the intrasubject coefficient of variation (CV). The primary
outcome of the pivotal studies was the comparison of the
relative bioavailability of the test formulations (1 X 30 mg or
2 x 5 mg ODT) and the reference formulations (3 X 10 mg
or 1 X 10 mg tablets). Secondary outcomes included an
evaluation of the palatability of the 30 mg ODT compared
with that of the 30 mg/5 mL solution in the pilot study, and
an evaluation of the comparative safety and tolerability of
the test and reference formulations in both the pilot study
and the two pivotal studies.

2.7 Bioanalytical Methods

Morphine sulfate concentrations were quantified in plasma,
following solid-phase extraction, using a validated high-
performance liquid chromatography (HPLC) method with
tandem mass spectrometry (MS/MS) detection (AB Sciex
API 5000 quadrupole mass spectrometer) in positive ion
mode. A reversed-phase C18 column (50 X 2.10 mm, with
3.5 um porosity) was used with two mobile-phase gradients
(A: 20 mM NH,HCO;, pH 10.0; and B: ACN:MeOH 75:25
v/v) and a constant flow rate of 0.5 mL/min. Retention
times for morphine (purity 99.6%) and morphine-D6 (purity
98.9%), used as internal standards (Cerilliant Corp., Round
Rock, TX, USA), were 0.92 min and 0.88 min, respectively.
Peak area ratios were used for quantification, and linearity of
the calibration curve was determined using a 1/x* weighted
linear least squares (LS) regression analysis. The lower limit
of quantification (LLOQ) of 50.0 pg/mL had a between-run
accuracy of 91.4% and precision of 6.7%. All calibration and
quality control samples were within the acceptance criteria:
CV% < 15% and nominal range values within 85-115%.

2.8 Pharmacokinetic Analysis

Pharmacokinetic parameters were calculated using Phoenix
WinNonlin® software, version 8.0. The main absorption
and disposition parameters were calculated for individual
concentration-time profiles using a noncompartmental
approach with a log-linear terminal phase assumption and
using the trapezoidal rule to estimate the AUC [AUC = 12
(C, + Cy) (t, — t)], where C is concentration and ¢ is
time. Concentrations below the LLOQ were treated as
zero for all pharmacokinetic analyses. The actual time of
pharmacokinetic sampling was used for the determination
of all pharmacokinetic parameters. Concentration values
were considered as missing if they could not be measured
due to analytical or clinical issues. AUC values were not
determined if fewer than three consecutive concentration
values were obtained. Subjects were excluded from the
pharmacokinetic analysis if their predose morphine sulfate
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concentration was > 5% of the C,,, value, or if no value or

very low concentration values were detected.
2.9 Safety and Tolerability

The safety and tolerability of the test and reference
formulations was assessed by evaluating the type, frequency,
and severity of adverse events (AEs) reported during each
of the three studies from date of signature of the ICF until
1 day after the last blood sample was taken for the study.
AEs were defined as any untoward medical occurrence
in a study subject that did not necessarily have a causal
relationship with the treatment. Serious AEs (SAEs) were
defined as any untoward medical occurrence that, at any
treatment dose, resulted in death, risk of death, hospital
care, persistent or significant disability or incapacity, or any
important medical event including a congenital anomaly or
birth defect. The severity of AEs/SAEs (mild, moderate or
severe) was evaluated according to their impact on the usual
activities of the subject. The potential relationship between
the AEs/SAEs (reasonable possibility or no reasonable
possibility) and any of the treatments was evaluated on
the basis of a temporal relationship or the occurrence of a
pharmacologically predicted event.

2.10 Palatability Assessments

Subjects participating in the pilot study evaluated the aroma,
taste and texture of the 30 mg ODT and 30 mg/5 mL solution
shortly after administration by completing a questionnaire
containing five questions: ‘How do you rate the taste/
aroma?’ (very good, good, neutral, bad, very bad); ‘How
do you rate the level of bitterness?’ (not at all bitter, slightly
bitter, bitter, too bitter); ‘How do you rate this type of
formulation for oral administration’ (pleasant, unpleasant);
‘What do you think of the texture of the product in the
mouth?’ (pleasant, unpleasant); and ‘In your opinion, in case
of intense pain, would the taste or bitterness of the product
prevent you from taking this treatment?’ (yes, no).

2.11 Statistical Methods

Statistical analyses were carried out using SAS® version
9.4 (generalized linear model [GLM] procedure).
Pharmacokinetic parameters, safety data, and demographic
variables were analyzed using descriptive statistics. Only
subjects who completed all study periods were included
in the pharmacokinetic analyses (pharmacokinetic
populations), whereas all subjects were included in the
safety analyses (safety populations). For paired comparisons,
all subjects who provided evaluable data for both treatments
of interest were included in the statistical analyses. An
analysis of variance (ANOVA) was performed on the natural



Pharmacokinetics of Morphine Sulfate Orodispersible Tablets

1105

log-transformed values for C,,,,, AUC,_, and AUC,_,, as
well as on the rank-transformed 7T,,, values. The subject
(nested within the treatment sequence), treatment, sequence,
and period effects were evaluated at the 5% significance
level. Bioequivalence was confirmed if the 90% confidence
interval (CI) for the test-to-reference geometric LS mean

ratio was within 80.00-125.00% for both AUC,, , and C,,,,.

3 Results
3.1 Healthy Subject Characteristics

Of the 20 subjects included in the pilot study, 17 (85%)
completed the study and 3 (15%) were withdrawn (consent
withdrawal for personal reasons or nonappearance). Forty-
two subjects were included in each of the pivotal studies. For
the 30 mg dose study, 39 subjects (93%) completed the study
and three subjects (7%) were withdrawn (consent withdrawal
for personal reasons or nonappearance). For the 10 mg dose
study, 40 subjects (95%) completed the study and two sub-
jects (5%) were withdrawn (protocol withdrawal criterion
met). The baseline demographic characteristics of the phar-
macokinetic populations are presented in Table 1. Overall,
51% of the healthy subjects were male, the average BMI
was 25.0 kg/m? and the average age was 37 years (18—60).

3.2 Pharmacokinetic Analysis
3.2.1 Pilot Study

The mean plasma concentration versus time profile of the
30 mg morphine sulfate ODT was similar to those of the
3 X 10 mg tablets, 1 X 30 mg capsule and 30 mg/5 mL
liquid morphine formulations, with variability observed
around the C,,, (Fig. 1). Morphine exposure (AUC,,_) after
administration of the ODT was 96.5 ng-h/mL. Similar AUC
o values were obtained for the tablet, capsule and liquid
morphine formulations, with mean differences in exposure
below 10% (Table 2). The mean C,,, for the ODT was
28.5 ng/mL (CV = 44.0%), which was similar to the values
obtained for the capsule and the tablets (mean differences
< 5%) (Table 2). The C,,,, for the morphine solution was
about 30% higher than that for the ODT. The median T,
was 1 h (0.5-8.0) for the ODT, 0.75 h (0.5-6.0) for the solu-
tion, 0.75 h (0.5-3.0) for the tablets, and 1.25 h (0.5-2.5)
for the capsule (Table 2). Of note, two extreme values were
observed for the ODT and the solution, with values of 8 h
and 6 h, respectively, resulting in an upward shift of the
median T,,, for these formulations (Fig. 2). Both these
extreme values emanated from the same subject who suf-
fered from nausea and emesis; however, no significant dif-
ference between ranked 7, values was found. Morphine

T,, after administration of the 30 mg ODT was 9.6 h, which

Table 1 Baseline demographic characteristics of pharmacokinetic analysis populations

Parameters Pilot 30 mg [n = 17] Pivotal 30 mg [n = 41] Pivotal 10 mg [n = 42]
Age, years

Mean (SD) 33(9) 36 (9) 41 (11)

Range 18-50 19-50 24-60
Sex

Male/female [n (%) 8/9 (47/53) 26/15 (63/37) 17/25 (41/60)
Ethnicity [n (%)]

Hispanic/Latino 6 (35) 19 (46) 15 (36)

Non-Hispanic/non-Latino 11 (65) 22 (54) 27 (64)
Race [1n (%))

White 15 (88) 34 (83) 34 (81)

Asian 0(0) 3(7) 3(7)

Other 0(0) 3(7) 1(2)

Black or African-American 2 (12) 1(2) 4 (10)
Weight, kg

Mean (SD) 71.2 (8.5) 75.6 (9.4) 68.1 (12.4)
Height, cm

Mean (SD) 169.1 (10.2) 171.4 (10.1) 166.5 (9.0)
BMI, kg/m’

Mean (SD) 249 (2.1) 25.7 (2.6) 24.5 (3.3)

BMI body mass index, SD standard deviation
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Fig.1 Linear profile of the mean plasma concentration versus time
for morphine after administration of 30 mg of immediate-release
morphine sulfate as an orodispersible tablet (ODT; 1 X 30 mg, test
product, blue squares), solution (30 mg/5 mL, Oramorph®, orange
circles), capsule (1 x 30 mg, Actiskenan®, grey diamonds) or tablets
(3 x 10 mg, Sevredol®, green triangles) to healthy subjects (n = 17)

was within the range of T,, values observed for the three
reference formulations (8.7-10.7 h) (Table 2).

3.2.2 Pivotal Studies

The mean plasma concentration versus time profiles of
the 30 mg morphine sulfate ODT and the 3 X 10 mg tab-
lets, and of the 2 X 5 mg morphine sulfate ODTs and the
10 mg tablet are depicted in Fig. 3. The profiles and calcu-
lated pharmacokinetic parameters for the ODTs and tablets
were similar for both the 30 mg and 10 mg formulations
(Table 2). The test-to-reference ratios of the geometric LS
means and 90% Cls for the 30 mg formulations were 90.90%
(84.86-97.36%) for the C,,, and 96.83% (94.35-99.37%)
for the AUC,, ,, and those for the 10 mg formulations
were 96.13% (91.64-100.85%) for the C,,,, and 99.88%
(97.27-102.56%) for the AUC,,_, (Table 3). All 90% CIs fell
within the 80—125% range, confirming the bioequivalence
of both doses of the ODT and tablet formulations under fast-
ing conditions. Observed T,,,,, values were also similar for
the 30 mg ODT and 3 X 10 mg tablets (0.78 h and 0.75 h,
respectively), and for the 2 X 5 mg ODTs and the 10 mg
tablet (0.76 h and 1.00 h, respectively) (Table 2).

C,..x and AUC were dose proportional between the 10 mg

max

(2 X 5 mg ODTs) and 30 mg (1 X 30 mg ODT) doses. No
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under fasting conditions in the pilot study. Insert shows the mean
plasma concentration versus time profiles to the last collection time
(24 h after administration). For graph readability, one-sided error bars
were represented (—SD for ODT and capsule data, and 4+SD for solu-
tion and tablet data). ODT orodispersible tablet, SD standard devia-
tion

dose-dependent changes in the T,,, (average: 0.8 h) or Ty,
(around 10-11 h) were observed for the ODTs.

3.3 Safety Analysis

Throughout all three studies, no SAEs were reported and no
healthy subjects were withdrawn for safety reasons.

3.3.1 Pilot Study

Ninety-nine AEs were reported by 15/20 (75%) subjects.
All of the AEs (87/99 [88%]) considered as related to one of
the drugs (i.e., morphine or naltrexone) were of mild (66/87
[76%]) or moderate (21/87 [24%]) intensity. Their frequency
was similar for the ODT (20/87 [23%]), capsule (14/87
[16%]) and tablet (20/87 [23%]) formulations, whereas drug-
related AEs appeared to be slightly more frequent for the
solution (33/87 [38%]). The most common drug-related AEs
were neurological (somnolence, dizziness and headache)
and gastrointestinal (nausea and vomiting) disorders, with
similar profiles for the different formulations.
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Table2 Summary of the pharmacokinetic parameters of the morphine sulfate ODTs and reference products
Formulation (dose) [subjects dosed] Median (range)  Arithmetic mean + SD
CV (%)
T ax (0] Cpax [ng/mL] AUC , [ngh/mL] AUC,_, [ngh/mL] T, [h]
Pilot study
ODT (30 mg) Test [n = 17]* 1.00 (0.50-8.00) 28.5 +12.6 (44.0) 96.5+23.3(24.2) 1102 +25.4(23.0) 9.55(38.4)
Tablet (3 x 10 mg) Sevredol® [n = 17]° 0.75 (0.50-3.00) 28.0 +14.6(52.3) 91.3 +26.2(28.7) 104.3 +30.0(28.8) 10.65 (71.7)
Capsule (30 mg) Actiskenan® [n = 16]° 1.25 (0.50-2.50) 29.9 +13.0(43.5) 999 +274(27.4) 121.0+35.7(29.5) 9.32(87.4)
Liquid (30 mg/5 mL) Oramorph® [n = 17]¢  0.75 (0.50-6.00) 37.9 + 16.5 (43.5) 104.1 +£31.8(30.5) 121.8 +£32.0(26.3) 8.72 (45.4)
Pivotal study: 30 mg morphine sulfate
ODT (30 mg) Test [n = 80]° 0.78 (0.25-6.00) 26.1 +=10.0 (38.5) 107.3 £30.8 (28.7) 115.5+34.6(29.9) 9.89 (37.4)
Tablet (3 x 10 mg) Sevredol® [n = 80]F 0.75(0.25-3.00) 28.5+11.9(41.8) 109.7+£29.4 (26.8) 1174 +31.5(26.8) 9.61(38.2)
Pivotal study: 10 mg morphine sulfate
ODT (2 X 5 mg) Test [n = 82]° 0.76 (0.23-2.00) 7.7 +2.7 (35.8) 36.1 +12.3 (34.1) 398+ 14.8(37.1) 11.37(33.8)
Tablet (10 mg) Sevredol® [n = 82]" 1.00 (0.25-2.00) 8.0 +2.9(36.2) 359+ 11.6(32.5) 40.7+13.5(33.3) 12.53(37.4)

AUC,_, area under plasma concentration-time curve from time zero to the last observed quantifiable plasma concentration, AUC,_,, area under

plasma concentration-time curve from time zero to infinity, C,

max

maximum observed plasma concentration, CV coefficient of variation, ODT
orodispersible tablet, SD standard deviation, T}, terminal elimination half-life, T,

time to maximum observed plasma concentration

» % max

Some individuals had a terminal log-linear phase that could not be reliably characterized, and a lower number of subjects was thus used in the

calculation of AUC,,_ and T,,
IN=14
’N=15
°N=11
IN=10
°N =179
N=77
&N = 69
"N =72

3.3.2 Pivotal Studies

In the 30 mg dose study, 63 AEs were reported by 23/42
(55%) subjects, and 45/63 (71%) were considered to be drug-
related (morphine or naltrexone). For the 10 mg dose study,
67 AEs were reported by 22/42 (52%) subjects, and 47/67
(70%), reported by 15/42 [36%] subjects, were judged to be
morphine-related. No naltrexone was administered. In both
studies, the frequency of drug-related AEs was similar for
the ODTs and tablets, with the most common events being
the same neurological disorders reported in the pilot study.
The drug-related AEs across both studies were generally of
mild or moderate intensity but one severe AE (syncope) was
reported with the 10 mg tablet 42 h after dosing and was
resolved within 10 min.

3.4 Palatability

Among the subjects that evaluated palatability of the
30 mg ODT (17 subjects) and 30 mg/5 mL solution (19
subjects) during the pilot study, the taste/aroma was rated
as neutral to very good by 35% for the ODT, compared with

16% for the oral solution (Fig. 4). Bitterness, formulation
overall rating for oral administration and texture in the
mouth were reported to be similar for the 30 mg ODT and
the solution. Finally, treatment avoidance in case of intense
pain due to palatability issues was considered unlikely by
more than 75% of subjects for the ODT and the solution.

4 Discussion

The results of the three randomized, laboratory-blinded,
crossover, phase I studies, all conducted in healthy
volunteers, provided the first comparative evaluations
of the pharmacokinetic profile, safety, palatability and
bioequivalence of a new ODT formulation of morphine
sulfate, developed to facilitate the oral administration of
pain relief in patients with swallowing difficulties. The
pharmacokinetic profile, safety and bioavailability of
the ODTs were shown to be similar to those of currently
marketed oral morphine sulfate formulations across all three
studies. Bioequivalence of 30 mg and 10 mg doses of the
ODT with those of a reference tablet formulation was also
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Tmax (h)

[0 ODT [ Solution 1 Capsule [ Tablet

Fig.2 Box plots of the distribution of 7}, values for plasma mor-
phine sulfate obtained from the pilot study. The box plots were gener-

ated using individual T, values obtained after the administration of

(from left to right) 30 mg of immediate-release morphine sulfate as
an oral dispersible tablet (ODT; 1 X 30 mg), solution (30 mg/5 mL,
Oramorph®), capsule (1 x 30 mg, Actiskenan®) or tablet (3 x 10 mg,
Sevredol®) to healthy subjects (n = 17) under fasting conditions in
the pilot study. Boxes represent the first and third quartile together
with the median line. Mean values are depicted by crosses. Minimum
and maximum values were defined as the lowest and highest data
points that were still within 1.5 of the interquartile range, excluding
outliers (depicted as individual data points). T, time to reach maxi-
mal concentration, ODT orodispersible tablet

demonstrated in two studies. In addition, the palatability of
the ODTs was reported to be similar to that of a reference
oral morphine solution.

In the pilot study, plasma exposure following the 30 mg
morphine dose was found to be similar for all the oral
formulations (including the ODT, tablet, capsule and oral
solution) with AUC,_, differences below 10%. However,
the 30 mg/5 mL solution was associated with a higher
average C,,.. The range of T, values observed for the
ODT (0.76-1.00 h) was similar to that observed for the
tablet (0.75—1.00 h) across all three studies, and to the other
reference formulations in the pilot study (0.75-1.25 h). The
administration of all tested formulations was associated with
an initial steep increase in plasma morphine concentrations;
thus, the onset of action for morphine would be expected
to be similar for all formulations. Oral immediate-release
morphine formulations have generally been reported to
take approximately 30 min to provide significant pain
relief, due to the time needed for absorption through the
gastrointestinal tract and the hepatic first-pass effect [13].
Pharmacokinetic/pharmacodynamic modeling has provided
further insights into the time course of the clinical effects
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after opioid administration (extensively reviewed by Lotsch
[14]), revealing that morphine has a slow plasma-effect-site
transfer rate with an equilibrium half-life (7, ) ranging
from 1.6 to 4.8 h. Thus, the slight variations in 7,,,, observed
for the various different immediate-release formulations
evaluated in the current studies would not be expected
to influence the onset of efficacy of the drug, as the slow
transfer of morphine to the effect site would be the rate-
limiting step in achieving analgesia.

The safety profile of the ODTs was similar to those of
the reference tablet, capsule and liquid formulations. Based
on available data, the nature of the reported AEs was as
expected following morphine administration, including
the occurrence of syncope with the 10 mg tablet, which is
listed as an uncommon event in the Summary of Product
Characteristics (SmPC) for this formulation [15]. The
assessment of the palatability of the ODTs during the pilot
study did not identify any major issues with the texture
of the ODT in the mouth, and overall findings indicated
that the ODT had a similar palatability profile to that of
the solution. However, it is important to note that this
palatability assessment was carried out using the 30 mg
ODT, and that this high-dose formulation contained the
lowest ratio of flavor/sweetener to active substance of all the
ODTs developed. Indeed, as all the ODTs across the range
of doses were formulated to contain the same cumulated
concentration of flavor and sweetener, the concentration of
morphine sulfate modifies the bitterness of the formulations:
the lower-dose ODTs are sweeter and therefore their taste
would presumably be more acceptable for children, whereas
the bitterness is more pronounced for the higher-dose ODTs
intended for use in adult populations. Thus, although further
studies are required, improved product appreciation would
be expected among subjects administered the lower-dose
ODT formulations containing higher flavor/sweetener to
active substance ratios.

The few studies that have been conducted to date
to evaluate the efficacy and safety of oral morphine in
children aged 1-17 years to control pain at home or in
hospital [16-27] used similar doses (100-500 pg/kg)
to those recommended by the WHO guidelines for pain
management (80-500 pg/kg) [28]. As for many drugs,
achieving small doses with an oral solution formulation
is difficult [29, 30]. ODT treatment in children has been
reported to be appreciated by healthcare professionals,
allowing for improved accuracy and easy administration
[31], and to be well accepted by young children [32]. The
range of morphine sulfate ODTs (1, 2.5, 5, 10, 20 and
30 mg) developed by Ethypharm enables coverage of all
the recommended pediatric dosages, starting from infants
aged 6 months, and allows titration to the lowest effective
dose in each pediatric population as recommended by the
guidelines [28].
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Fig.3 Mean (SD) morphine
plasma concentration versus 40
time linear profiles following
oral administration of a 30 mg
of morphine sulfate as an ODT
(1 x 30 mg, blue squares) or
Sevredol® tablets (3 X 10 mg,
green triangles) in healthy sub-
jects (n = 80) under fasting con-
ditions; and b 5 mg of morphine
sulfate as an ODT (2 X 5 mg,
blue squares) or Sevredol® tab-
let (1 X 10 mg, green triangles)
in healthy subjects (n = 82)
under fasting conditions in the
pivotal studies. Inserts show the
full kinetic profiles over 36 h.
For graph readability, negative
error bars were used for ODT
data, and positive error bars
were used for tablet data. ODT
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The small size of the population in the pilot study pre-
vented any definitive conclusions being drawn about the bio-
equivalence of the commercially available immediate-release
formulations (tablet, capsules and solution) and the newly
developed ODT. However, the results of this pilot study did
demonstrate similarities between the tested formulations,
and gave sufficient information about intrasubject variabil-
ity to allow the size of the two pivotal study populations

Time (h)

to be defined. Moreover, as the range of patients requiring
an alternative to solid drug oral administration ranges from
elderly to pediatric patients, it is important to highlight the
potential of the ODTs to provide a convenient approach for
morphine delivery. In addition to the rapid disintegration of
the ODTs in the mouth, the ODTs can also be dispersed in a
small volume of liquid in a spoon, most notably for facilitat-
ing administration in pediatric patients. The range of ODT
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Table 3 Summary of the comparative analysis of the pharmacokinetic parameters of the morphine sulfate ODTs (test products) and morphine

sulfate tablets (reference products) in the pivotal studies

Parameter Geometric LS means

Test Reference

90% CI (%) Intrasu-
bject CV

(%)

Test/reference ratio

Pivotal study: 30 mg morphine sulfate

Test: 30 mg morphine sulfate ODT (n = 80) vs. 3 X 10 mg morphine sulfate reference tablet (n = 80)

24.0 26.4
102.7 106.1
Pivotal study: 10 mg morphine sulfate

Cnax (ng/mL)
AUC,,_, (ng-h/mL)

90.90
96.83

84.86 - 97.36
94.35-99.37

25.0
NA

Test: 2 X 5 mg morphine sulfate ODT (n = 82) vs. 10 mg morphine sulfate reference tablet (n = 82)

Cpax (ng/mL) 7.2 7.5
AUC,, (ng-h/mL) 34.4 34.4

96.13
99.88

91.64-100.85
97.27-102.56

19.7
NA

AUC_, area under plasma concentration-time curve from time zero to the last observed quantifiable plasma concentration, CI confidence
interval, C,,,, maximum observed plasma concentration, CV coefficient of variation, LS least squares, NA not applicable, ODT orodispersible

tablet
mODT (%) Solution (%)
0% 20% 40% 60% 80% 100%

« Very good/Good .

€

o

f Neutral

2

]

i

Bad/Very bad

Not/slighly bitter

Bitterness

Bitter/too bitter

Pleasant

Unpleasant

Formulation
rating for oral
administration

Pleasant

Texture in
mouth

Unpleasant

Yes

Willing to
avoid

No

treatment if in
intense pain

Fig.4 Product evaluation after oral administration of the orodispers-
ible tablets (top blue bar) or solution (lower green bar) in the pilot
study. ODT orodispersible tablet

morphine sulfate doses (1, 2.5, 5, 10, 20 and 30 mg) will also
allow for accurate dosing of morphine according to patient
body weight and age, and minimize the risk of dosing errors.

5 Conclusion
Oral administration of morphine sulfate in the form of ODTs

resulted in similar safety and plasma exposure profiles as
those observed for a range of reference oral formulations.
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Bioequivalence was also demonstrated between the 30 mg
and 2 X 5 mg morphine sulfate ODTs and corresponding
doses of a reference tablet (Sevredol® 10 mg) in two com-
parative pivotal bioavailability studies. These new morphine
sulfate ODTs may therefore constitute an easy and accurate
mode of oral morphine administration, enabling all patients
with swallowing difficulties, ranging from pediatric to adult
and elderly patients, to achieve and maintain relief from
severe pain with the lowest possible morphine dose.
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