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Abstract

Two open-label, single-dose, randomized crossover studies were conducted in healthy Japanesemen to (1) assess dose
proportionality of 5 doses (1.38, 2.75, 5.5, 8.25, and 11.0 mg) of Lafenta, a novel matrix-type transdermal fentanyl patch
with a rate-controlling membrane; and (2) compare patch bioequivalence (11.0 mg) with a commercially available ref-
erence patch (Durotep MT Patch [16.8 mg]). Pharmacokinetics, adhesion performance, residual fentanyl, and safety pa-
rameters were assessed. Increases in mean AUC0-t and Cmax after application of the test patch were dose proportional.
The test patch (11.0 mg) was bioequivalent to the 16.8-mg reference patch in terms of mean AUC0-inf, AUC0-t, and Cmax.
Residual fentanyl levels 72 hours postapplication were lower in the test than in the reference patch. Differences in ad-
hesion performance between the test and the reference patch did not affect delivery efficacy and reliability of the novel
matrix patch. Safety findings were in line with previous experiences with fentanyl. Both studies showed low variation in
fentanyl exposure and delivery via the test patch. The test patch provided equivalent fentanyl exposure at a lower dose
than the reference patch formulation with lower variability and the potential to lower medicinal waste.
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Pain can be classified in several ways, including phys-
iology (eg, nociceptive, neuropathic, and psychogenic
pain) and location (eg, chest, back). Its nature can also
be described as acute or chronic. Acute pain has a de-
fined location in the body and a fixed duration. It is
usually managed more effectively with analgesics than
chronic pain. Conversely, chronic pain is defined as pain
that lasts “beyond the expected period of healing”1 and
often shows a poor response to standard analgesics
such as paracetamol. This makes effective pain man-
agement difficult to achieve for both patients and doc-
tors and can adversely affect a patient’smental state and
daily activities.2,3 Consequently, chronic pain is an area
of interest in the development of effective and targeted
treatments. The synthetic opioid fentanyl has emerged
as one of the most potent analgesics used to treat both
acute and chronic pain.

Fentanyl is a potent agonist of mu-opioid receptors4

and a powerful analgesic. It is approximately 100
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times more potent than morphine, with a rapid onset
and short duration of action.5 As fentanyl has a
high first-pass metabolism that significantly reduces its
bioavailability,6 alternative administration routes have
been introduced. Intravenous fentanyl is now used
extensively for anesthesia and analgesia in operating
theaters and intensive care units and to relieve pain in
cancer patients and those suffering from other forms of
chronic pain. Because of its highly lipophilic nature,7

fentanyl can be delivered transdermally in the form of
an adhesive patch. This provides significant advantages
for chronic pain management8 including the slowed re-
lease of fentanyl at a constant rate.9,10 Several transder-
mal patch formulations are now available commercially,
and their use has increased in recent years.

The first transdermal patch formulations of fentanyl
were based on “reservoir” technology, whereby liquid
fentanyl was contained in a drug reservoir above a
rate-controlling membrane, a release liner, and an ad-
hesive layer.11 These were well tolerated by patients
and provided acceptable pain control. However, their
potential limitations included a risk of drug leakage
and a greater potential for abuse because of ease of
drug extraction.12 As development continued, various
prototypes of transdermal patch systems were created
based on plastic/silicone matrix technology, which pre-
vented extraction and allowed for controlled drug re-
lease. However, fentanyl abuse and rates of accidental
overdose have increased in recent years. Coupled with
the drug’s potentially life-threatening side effects,13-16

the development of safe, effective, and tamper-proof
formulations of transdermal fentanyl is of paramount
importance.

A novel fentanyl transdermal matrix patch with a
rate-control membrane has been developed. Its mem-
brane allows a more gradual release rate of fentanyl
compared with other commercially available transder-
mal patches. Constant serum fentanyl concentrations
from the patch are sustained over 3 days.17 Clinical tri-
als involving healthy European volunteers showed that
the novel fentanyl patch was equivalent to a conven-
tional reservoir fentanyl patch in terms of transdermal
delivery and was bioequivalent to a commercially avail-
able fentanyl matrix patch.11,18,19 The patch was shown
to be as safe and effective as standard oral or transder-
mal opioid treatments used by European patients with
chronic cancer pain in an open, randomized, parallel-
groupmulticenter study.20 To be able to conduct further
trials in Japanese patients, a phase 1 study to evaluate
the safety and pharmacokinetics of the patch was re-
quired.

We performed 2 studies to (1) examine the dose
proportionality of the test patch’s pharmacokinetic
parameters after administration of 5 single doses in
healthy Japanese male volunteers, and (2) compare

the bioequivalence between the test and the reference
patch Durotep, a matrix patch commercially available
in Japan. The tolerability and safety profiles of the test
patch were also evaluated. Because the test patch con-
tained a smaller amount of fentanyl compared with the
reference patch (11 vs. 16.8 mg), the amount of residual
drug after use was lower.

Materials and Methods
Study Volunteers
Japanese men aged 20-45 years (inclusive) with a body
mass index (BMI) between 18.0 and 27.0 kg/m2 (inclu-
sive) who were deemed to be healthy according to the
study’s eligibility criteriawere deemed suitable for inclu-
sion in the trial. To ensure that the study populationwas
representative of the Japanese population, volunteers
had to be Japanese passport holders, be descended from
4 Japanese grandparents, and to have not lived outside
Japan for more than 5 years before screening. Further-
more, volunteers were required to have healthy skin and
an absence of tattoos, sunburn, or significant birth-
marks in the area where the test and reference products
were applied. Volunteers also agreed to avoid unpro-
tected sex, use specific contraceptive methods, and
refrain from donating sperm until 3 months after drug
application. All volunteers signed informed consent
forms written in English and translated into Japanese.

Volunteers with a clinically significant medical
condition or relevant medical history or those with a
history of alcohol excess and/or drug abuse were not
included in the study. Volunteers who had taken any
prescription or over-the-counter medications (exclud-
ing vitamins) within 7 days of dosing or who had con-
sumed alcohol or caffeine within 48 hours before dosing
were excluded from the study. Volunteers who were
vegetarians, vegans, had medical dietary restrictions,
had undergone an inappropriately strict diet within 28
days of dosing, or who were otherwise deemed unsuit-
able by the investigator were also excluded from the
study. Other exclusion criteria included any presence or
clinical history of asthma, bradyarrhythmia, hepatic or
renal disorders, other system organ-specific disorders,
and skin hypersensitivity or relevant atopy.

Study Design
We present data from 2 crossover clinical trials that
each involved 30 volunteers. Study 1 assessed the dose
proportionality of a single-dose administration of
the 72-hour test patch (Eudra/CT no. 2011-004713-
16). Study 2 examined the bioequivalence of the test
patch compared with a commercially available fentanyl
transdermal matrix patch (Durotep MT Patch, Janssen
Pharmaceutical K.K., Tokyo, Japan; Eudra/CT no.
2011-002031-25).
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Table 1. Random Allocation

Sequence
12.5 μg/h
(1.38 mg)

25 μg/h
(2.75 mg)

50 μg/h
(5.5 mg)

75 μg/h
(8.25 mg)

100 μg/h
(11.0 mg)

1 X X X
2 X X X
3 X X X
4 X X X
5 X X X
6 X X X
7 X X X
8 X X X
9 X X X
10 X X X

In vitro release testing was conducted before the
start of both studies to confirm the quality and the
drug-release profiles of both the test and references
patches (Supplementary Materials 1). The reference
patch released 80% of fentanyl in 3 hours, whereas the
test patch with a novel rate control membrane released
fentanyl at a constant rate, taking 19 hours for 80% to
be released.

To prevent adverse drug reactions and prevent
the emergence of symptoms associated with fentanyl
use, the opioid antagonist naltrexone was adminis-
tered in a dose regimen proven to be safe in healthy
volunteers.21,22 Both studies were conducted in accor-
dance with Good Clinical Practice guidelines and the
Declaration of Helsinki. Study 1 was approved by the
Plymouth Independent Ethics Committee (Plymouth,
Devon, UK) in 2011; study 2 was approved by the Na-
tional Health Service National Research Ethics Service
London-Surrey borders (London, UK) in 2011. Both
studies were conducted at Richmond Pharmacology
Ltd. (London, UK).
Study 1: Dose Proportionality. This was a single-

center phase 1 open-label, single-dose, random-
ized, 3-period, 10-sequence, 5-treatment crossover
study using a balanced incomplete block design.
Thirty volunteers received 3 of the following 5
test patch applications: 1.38 mg × 1 patch (release
rate, 12.5 μg/h), 2.75 mg × 1 patch (release rate,
25 μg/h), 5.5 mg × 1 patch (release rate, 50 μg/h),
8.25 mg × 1 patch (release rate, 75 μg/h), and
11.0 mg × 1 patch (release rate, 100 μg/h). Volun-
teers were admitted to the unit 1 day before patch
application and were discharged 6 days after the patch
had been applied. Each volunteer was randomly allo-
cated to 1 of 10 randomization sequences as described
in Table 1 and received 3 patches of different doses
in sequence (from a lower to a higher dose) during
the 3 periods. The patch was applied on day 1 and
remained in place for 72 hours, followed by a 72-hour

observation period. Each period was followed by a
washout of at least 11 days between removal of 1 patch
and application of the next. A follow-up visit was
conducted 7 to 10 days after discharge from the last
admission (period 3).
Study 2: Bioequivalence. This was a single-center

phase 1 open-label, single-dose, randomized, 2-period
crossover study. Volunteers were admitted to the unit 1
day before patch application andwere discharged 6 days
after the patch was applied. The study was divided into
a screening phase (up to 28 days before dosing) followed
by period 1 (72-hour treatment followed by a 72-hour
observation period). After an 11-day washout period,
volunteers returned to the unit to receive the alternate
treatment using the same design (period 2). Thirty vol-
unteers (15 in each treatment sequence) received either
the test patch (11.0 mg× 1 patch; release rate, 100μg/h)
or the reference patch (16.8 mg × 1 patch, release rate,
100 μg/h) on day 1 of each period. A follow-up visit
was conducted 7 to 10 days following discharge from
period 2.
Naltrexone Treatment. The narcotic antagonist nal-

trexone (50-mg tablet) was administered 2 hours before
patch application and every 12 hours until 22 hours af-
ter patch removal in both studies to prevent side effects
related to opioid administration.

Pharmacokinetic Analysis
In both studies blood samples were collected in 7.5-
mL lithium/heparin S-Monovette tubes (Starstedt,
Germany) at 16 points for each period: before appli-
cation (predose and before naltrexone administration)
and 6, 12, 18, 24, 30, 36, 48, 60, 72, 78, 84, 96, 108, 120,
and 144 hours postapplication. Samples were stored
in ice-water baths immediately after collection. Subse-
quently, samples were centrifuged at 4°C at 1500g for
15 minutes. The plasma supernatant was transferred
into 2 aliquots in 3.6-mL Nunc tubes (Merck, formerly
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Sigma-Aldrich, Germany), and these aliquots were
stored at −20°C until shipment.

Plasma fentanyl concentrations were determined
using a validated liquid chromatography-tandem
mass spectrometry method by CRS Clinical Research
Services Mannheim GmbH (Grünstadt, Germany).
Fentanyl-D5 was used as the internal standard. A solid-
phase extraction method was applied (Strata-X-C33μ
strong cation; Phenomenex, Torrance, California) to
isolate the analytes. For the chromatographic mea-
surement, a HTC PAL Autosampler (CTC Analytics,
Zwingen, Switzerland) was used with a Kinetex XB-
C18100 Å 2.6-μm column (Phenomenex, Torrance,
California). Data were recorded using Analyst, version
1.4.2 (ABSciex, Warrington, UK). Mobile phase A
consisted of 2.5 L of acetonitrile, and mobile phase
D was composed of 1.6 L of H2O with 1.82 g of
ammonium acetate and 0.4 L of acetonitrile with 4
mL of formic acid. The gradient table can be found
in Supplementary Materials 2 (Table 1). The mass
spectrometer (API 4000/API 5000) ionization mode
was API-ES (positive only) to monitor for m/z 337.20
(188.00 amu, fentanyl) andm/z 342.30 (188.00 amu (in-
ternal standard); see Supplementary Materials 2. The
lower limit of quantification was 50.00 pg/mL for both
the bioequivalence and the dose proportionality stud-
ies. At 50.00 pg/mL, precision was 2.78%, and accuracy
was −0.08%. Between-sequence precision ranged from
3.03% to 4.70%, and accuracy ranged from 3.04% to
6.33%. Within-sequence precision ranged from 1.98%
to 4.86%, and within-sequence accuracy ranged from
-0.63% to 7.88%. Additional information on sample
preparation and measurement are available in the
Supplementary Materials 2.

The following pharmacokinetic parameters were de-
rived from plasma fentanyl concentrations by noncom-
partmental procedures: maximum observed plasma
fentanyl concentration (Cmax), time of occurrence of
Cmax (tmax), area under the plasma concentration-time
curve from time zero to the last sampling point (AUC0-t)
and to infinity (AUC0-∞), mean retention time, elimi-
nation rate constant (kel), and corresponding half-life
(t 1

2
).

Residual Fentanyl and Patch Adhesion Performance
Residual fentanyl in used patches after their removal
at 72 hours was measured at LTS (Lohmann Therapie-
Systeme) AG (Andernach, Germany). The delivered
dose was calculated as the difference between the
nominal fentanyl content of an unused patch and the
determined amount of residual fentanyl in the patch
removed.

Adhesion performance of patches was evaluated at
every blood collection point. Adhesion scoring was
measured on a scale of 0 (≥90% adhered [essentially no

lifting off the skin]) to 4 (0% adhered-patch detached
[patch lifting completely off the skin]). In cases in which
the patch had come away from the skin, the removal
time was recorded.

Safety
Safety evaluations included the measurement of vi-
tal signs (blood pressure, pulse rate, respiration rate,
tympanic body temperature), clinical laboratory tests
(hematology, serum biochemistry, urinalysis, and urine
microscopy), electrocardiogram parameters, telemetry,
24-hour Holter recordings, pulse oximetry, and topical
skin assessments. Adverse events were monitored and
recorded throughout the study from the time of patch
application until the end of the study and were summa-
rized according to the Medical Dictionary for Regula-
tory Activities, version 14.1.

Statistical Analyses
Study 1: Dose Proportionality. Statistical analysis was

performed in the safety population (all volunteers
who had received at least 1 dose of fentanyl) and in
the pharmacokinetic population (those in the safety
population who had evaluable pharmacokinetic data).
Twenty-nine of the 30 volunteers who enrolled in study
1 completed the study. One volunteer withdrew consent
before treatment period 2 after completing period 1.
The biometrical evaluation was carried out by the
Department Clinical Data Management of CRS Clin-
ical Research Services Mannheim GmbH using SAS
software, version 9.2 of the SAS System for Microsoft
Windows. Demographic, safety, adhesion performance,
residual fentanyl amount, and pharmacokinetic data
were summarized using descriptive statistics. For phar-
macokinetic parameters and concentrations, arithmetic
and geometric means and standard deviations ([SDs]
dispersion factor), and geometric coefficient of varia-
tion (CV) were calculated. Dose proportionality was
explored using a power model23 on log-transformed
pharmacokinetic parameters. For dose-proportionality
assessments across the complete dose range, a factor
of 2 in exposure was considered acceptable to con-
clude dose proportionality. The limits of the critical
interval for slope were defined as 0.5 and 2. Pharma-
cokinetic parameters and dose were log(e)-transformed
before fitting an analysis of covariance model with
fixed-effect terms for dose and period and a random
effect for volunteers using PROC MIXED in PC SAS
version 9.2.
Study 2: Bioequivalence. Demographic, safety, adhe-

sion performance, residual fentanyl amount, and phar-
macokinetic data were summarized using descriptive
statistics. Bioequivalence between the test and reference
formulations was assessed by calculation of 90% confi-
dence intervals (CIs) for the test:reference ratio of the
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Figure 1. Plasma concentrations of the fentanyl-versus-time profile (arithmetic and geometric mean concentrations plus or minus
the standard error). (A, C) Arithmetic mean concentration, (B, D) geometric mean concentration. h, hour; T, test patch (11.0 mg × 1
patch); R, reference patch (16.8 mg × 1 patch). Release rate for both patches: 100 μg/h.

arithmetic and geometric means for AUC0-t and Cmax.
To be considered bioequivalent, the 90%CIs for both
ratios had to be contained within the range of 80% to
125%. The 90%CIs were calculated from an analysis of
variance model on the log-transformed data including
terms for treatment, period, sequence, and volunteer
nested within sequence. The statistical analysis for bioe-
quivalence followed the Guideline for Bioequivalence
Studies of Generic Products for Japan.

Results
Volunteer Disposition and Baseline Characteristics
Fifty-six volunteers were screened for study 1, and 48
were screened for study 2 (Supplementary Materials
1, Figure 1). Thirty Japanese male volunteers enrolled
in study 1, and 29 of these completed the study; 1
volunteer withdrew consent before treatment period 2.
Mean ± SD age was 29.4 ± 5.40 years, and mean BMI
and body weight were 21.1 kg/m2 and 63.27 kg, re-

spectively (Table 2). The 17 volunteers who received
the 11-mg patch during study 1 had a mean age of
29.33 years and a mean BMI of 21.1 kg/m2. Men en-
rolled in study 2, and all completed the study. Mean
± SD age was 27.7 ± 5.38 years, and mean BMI and
body weight were 21.4 kg/m2 and 64.03 kg, respectively
(Table 2).

Pharmacokinetic Profile
Study 1: Dose Proportionality. A total of 1392 plasma

samples were analyzed from 29 volunteers. Plasma
fentanyl concentrations increased after patch applica-
tion, with higher concentrations observed following
increasing doses. Fentanyl concentrations reached a
plateau at approximately 18-48 hours before decreas-
ing (Figure 1A,B). Mean values of AUC0-t and Cmax

increased with increasing dose (Table 3). Coefficient
of variation was low, and there were no notable dif-
ferences in volunteer variability across doses (range,
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Table 2. Demographic and baseline characteristics

A. Demographic and Baseline Characteristics (Safety Populations)

Dose
Proportionality
Study, n = 30

Bioequivalence
Study, n = 30

Age, years Mean (SD) 29.4 (5.40) 27.7 (5.38)
Min-Max 20-45 21-40

Sex, % Male 30 (100.0) 30 (100.0)
Female 0 (0.0%) 0 (0.0%)

Height, m Mean (SD) 1.73 (0.05) 1.73 (0.06)
Min-Max 1.7-1.9 1.6-1.8

Weight, kg Mean (SD) 63.27 (6.00) 64.03 (7.60)
Min-Max 53.0-75.0 55.0-90.0

BMI, kg/m2 Mean (SD) 21.1 (1.91) 21.4 (2.00)
Min-Max 18.5-24.9 18.1-26.9

B. Demographic and Baseline Characteristics (11-mg Test Patch Only)

Dose
Proportionality
Study, n = 17

Bioequivalence
Study, n = 30

Age, years Mean (SD) 29.4 (4.70) 27.7 (5.38)
Min-Max 23-41 21-40

Sex, % Male 17 (100.0) 30 (100.0)
Female 0 (0.0%) 0 (0.0%)

Height, m Mean (SD) 1.74 (0.02) 1.73 (0.06)
Min-Max 1.7-1.8 1.6-1.8

Weight, kg Mean (SD) 63.83 (1.75) 64.03 (7.60)
Min-Max 61-65.7 55.0-90.0

BMI, kg/m2 Mean (SD) 21.1 (0.84) 21.4 (2.00)
Min-Max 20.2-22.2 18.1-26.9

SD, standard deviation; m, meter; kg, kilogram; BMI, body mass index.

17.8%-29.9% for AUC0-t and 28.8%-49.3% for Cmax).
Median tmax was 48.0 hours for fentanyl 1.38 mg and
24.0 hours for all other doses.

Dose proportionality for the test patch after single-
point administration was explored over the dose range
of 1.38 to 11.0 mg. Slope values and 90%CIs were
1.0666 and 0.9847-1.1485, respectively, for AUC0-t

and 1.0314 and 0.9116-1.1513, respectively, for Cmax

(Figure 2A). As the 90%CIs for the slopes were con-
tained completely within the defined critical range, dose
proportionality was concluded for AUC0-t and Cmax.
This was supported by regression plots for log(AUC0-t)
and log(Cmax) versus log(dose); see Figure 2B.
Study 2: Bioequivalence. Plasma fentanyl concentra-

tions increased after application of both patches and
reached a plateau of approximately 1100 to 1600 pg/mL
18-72 hours before decreasing (Figure 1C,D). Fentanyl
plasma concentration profiles for the test and reference
patches were comparable.

Pharmacokinetic parameters were very similar for
both patches, as shown in Table 3. Ratios of these
parameters and their 90%CIs fell within the 80.0%
to 125.0% bioequivalence range (Table 4), confirm-
ing bioequivalence of the test patch and the reference
patch.

The differences in the pharmacokinetic pa-
rameters for the test patch between the dose-
proportionality and the bioequivalence studies are
considered because of interindividual differences.
The individual concentrations of fentanyl (11 mg)
versus time for both the bioequivalence and dose-
proportionality studies are presented in Supplementary
Materials 1.

Residual Fentanyl Amount
For all doses in study 1, approximately 20%-30% of
the nominal fentanyl content remained in patches
removed 72 hours after application. In the 11-mg
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Table 3. Descriptive Statistics of Pharmacokinetic Parameters of Fentanyl

Dose-Proportionality Study Test Patch — Fentanyl Dose (mg)
Bioequivalence

Study

Pharmacokinetic
Characteristic
of Fentanyl 1.38, n = 18 2.75, n = 17 5.5, n = 18 8.25, n = 17 11.0, n = 17

Test Patch 11.0 mg
(Test Treatment),

n = 30
Reference Patch,

n = 30

AUC0-t

(pg·h/mL)
Mean ± SD
(CV)

17.0 ± 5.1
(29.9)

41.2 ± 9.1
(23.3)

82.0 ± 19.5
(23.8)

127.7 ± 28.6
(22.4)

180.6 ± 32.2
(17.8)

126.0 ± 40.9 (32.5) 129.4 ± 53.6
(41.4)

Cmax (pg/mL)
Mean ± SD
(CV)

296 ± 92.6
(31.3)

761 ± 375
(49.3)

1384 ± 479
(34.6)

2257 ± 852
(37.8)

3372 ± 971
(28.8)

1959 ± 824 (42.1) 1993 ± 1052
(52.8)

tmax (h)
Median 48.0 24.0 24.0 24.0 24.0 48.0 48.0
Min-Max 18.0-71.9 18.0-71.9 18.0-48.0 18.0-48.0 18.0-48.0 18.0-71.9 18.0-71.9

Cmax, maximum concentration; Tmax, time to reach Cmax; AUC0-t, area under the concentration-time curve from time zero to time t; SD, standard
deviation; CV, coefficient of variation; h, hour; reference patch, Durotep MT Patch 16.8 mg.

(highest) dose group, 21.3% of the fentanyl content
remained after patch removal. CVs for the residual
fentanyl were low among the different doses, rang-
ing from 27.45 to 45.55 (Table 5A). In the bioe-
quivalence study, mean delivered dose was similar
for the 2 treatments: 7.46 mg for the test patch and
6.96 mg for the reference patch (Table 5B and Fig-
ure 3A,B). The test patch contained 11.0 mg of fen-
tanyl, and the reference patch contained 16.8 mg
of fentanyl. Thus, mean residual fentanyl was 32%
for the test patch and 59% for the reference patch.
Coefficient of variation for the delivered fentanyl
amount observed among volunteers was approximately
10% lower for the novel membrane patch than for
the reference patch (14.92 versus 24.14, respectively;
Table 5B).

Adhesion Analysis
In the dose-proportionality study, most of the test
patches had ≥75% surface area adhesion (some edges
lifting off the skin to essentially no liftoff from the
skin) for all doses and at all assessment times. In
period 1 of the bioequivalence study, 9 of the test
patches (60%) and 13 of the reference patches (87%)
adhered ≥90% 4 days after application. In period 2,
6 of the test patches (40%) and all the reference
patches adhered ≥90%. Although there were slight dif-
ferences in patch adhesion between the test and ref-
erence patches—-the outer edges of the test patch
peeled away slightly during the application period—
this had no impact on the delivery performance and
lower variability of the test patch. Test patch ad-
herence appeared to be slightly better in study 1

(conducted in winter) than in study 2 (conducted
in summer).

Safety
No serious, severe, or significant adverse events oc-
curred during either study, and no volunteer discon-
tinued the study prematurely on account of an adverse
event.
Study 1: Dose Proportionality. Nineteen of the 30

volunteers (63.3%) reported 58 adverse events. Simi-
lar numbers of volunteers experienced adverse events
across doses: 7 volunteers each for 1.38, 2.75, 5.5, and
8.25 mg (38.9%-41.2%) and 9 volunteers (52.9%) for
the 11.0-mg dose. The most frequent adverse events
were nausea, abdominal pain, headache, constipation,
and a decrease in appetite (Supplementary Materials 1,
Table 1). All 19 volunteers experienced a minimum of 1
adverse event assessed as at least possibly related to the
test patch. All adverse events resolved by the end of the
study.
Study 2: Bioequivalence. Sixteen of the 30 volunteers

(53.3%) who received the test patch and 14 of the 30
volunteers (46.7%) who received the reference patch
experienced adverse events. The most frequent ad-
verse events were nausea, dizziness, somnolence, and
headache after the application of the test patch and
nausea, dizziness, decreased appetite, and application-
site pruritus after application of the reference patch
(Supplementary Materials 1, Table 2). Most volunteers
experiencedmild adverse events (15 of the 16 volunteers
after the test patch treatment and 13 of the 14 volun-
teers after the reference patch treatment); 1 volunteer
experienced moderate constipation after the test patch,
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Figure 2. Analysis of dose proportionality.

and another experienced moderate nausea and vomit-
ing after the reference patch treatment. Sixteen volun-
teers who received the test patch and 12 volunteers who
received the reference patch experienced adverse events
at least possibly related to treatment. All but 2 adverse
events (both deemed mild in severity) had resolved by
the end of the study. One of these was a headache that
had improved, whereas the other was a red spot over the
patch application site that remained unchanged at the
end of the study.

Discussion
The volunteers participating in this study were healthy
Japanese men. Racial and ethnic variation must be ac-
counted for when conducting clinical trials, as genetic
and epidemiological factors can affect the efficacy and
safety profile of a novel device/drug formulation.24 The
bioavailability and safety results of the test patch in
healthy Japanese men were very similar to those ob-
tained from studies performed in European volunteers
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Table 4. Summary of Statistical Analysis of Bioequivalence of the Test Patch and the Reference Patch

Pharmacokinetic
Characteristics of
Fentanyl ANOVA CV (%)

Point Estimate
of Ratio T/R (%)

90% Confidence
Interval of Ratio

T/R (%)

AUC0-∞ (pg·h/mL) 9.76 98.60 94.47-102.91
AUC0-t (pg·h/mL) 11.11 99.21 94.50-104.16
Cmax (pg/mL) 19.24 101.18 93.05-110.01

ANOVA, analysis of variance; CV, coefficient of variation; T, test patch (11.0 mg × 1 patch; release rate: 100 μg/h [test]); R, Durotep MT Patch
(16.8 mg × 1 patch; release rate: 100 μg/h [reference]).

Table 5. Summary of Descriptive Statistics of Residual and Delivered Fentanyl Amount

A. Residual Fentanyl (Dose-Proportionality Study)

Test Patch Nominal Content (mg)

1.38 2.75 5.5 8.25 11.0
n 18 18 18 17 17
Mean (SD)a 0.41 (0.131) 0.71 (0.228) 1.52 (0.448) 1.89 (0.518) 2.34 (1.070)
CV 32.04 32.40 29.44 27.45 45.55
Min-Max 0.182-0.647 0.256-1.12 0.768-2.190 0.926-2.630 0.862-4.300

B. Delivered Fentanyl (Bioequivalence Study)

Test Patch Reference Patch

11.0 mg 16.8 mg
n 30 30
Mean (SD)a 7.46 (1.11) 6.96 (1.68)
CV 14.92 24.14
Min-Max 4.74-9.39 4.50-10.53

aArithmetic mean.

with the patch, which is commercially available in the
European Union.18,19

The 2 aforementioned studies showed that the
fentanyl transdermal matrix patch with a novel rate-
controlling membrane provided dose-proportional
increases in exposure for a dose ranges between 1.38
and 11.0 mg. The matrix patch containing 11.0 mg of
fentanyl was bioequivalent to the 16.8 mg contained in
the commercially available reference patch in terms of
exposure, safety profile, and tolerance. Furthermore,
the test patch was previously deemed safe and efficient
in managing pain among European cancer patients.20

The lower nominal fentanyl dose (11.0 mg) of the
test patch compared with the reference patch (16.8 mg)
should provide an effective alternative for painmanage-
ment. In both studies, the fentanyl delivered 72 hours
after application of the test patch amounted to 70%
to 80% of the nominal patch content. The amount of
fentanyl delivered by the reference patch was 41% of
the nominal patch content.

Adhesion of the test patch was slightly lower than
that of the reference patch. There may be several rea-
sons for this including skin sweating and environmen-
tal temperature changes.25 Because room temperature

was held steady during trials, it was not expected that
sweat might have had an effect on test patch adhesion,
as treatment sequence was randomized using the same
condition for both treatments. Patch adhesion did not
affect the patch’s lower variability in the pharmacoki-
netic profile and the lower residual amount compared
with the reference patch. As Jeal and Benfield9 pointed
out, under normal physiological conditions, skin tem-
perature and blood flow have no significant effect on the
absorption rate of fentanyl from a patch. In addition,
sweat itself does not appear to create a barrier to drug
uptake in transdermal patches.26 It was previously ob-
served that sweat creates an adhesion issue, but this was
not observed to lead to any differences in drug uptake.
Therefore, t is unlikely that variations in drug uptake
and/or skin temperature are from differences in perspi-
ration. Nevertheless, we found a slightly higher absorp-
tion of the same test patch in study 1, which was con-
ducted in winter.

Both biological and technical factors may explain
the slight difference in the amount of fentanyl delivered
in the 2 studies (mean of 8.66 mg in study 1 and mean
of 7.46 mg in study 2). Niepel et al27 previously ar-
gued that biological variation is one of the key factors
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Figure 3. Comparison of delivered and residual fentanyl between test and reference patch.(A) Delivered and residual fentanyl amount
in milligrams. (B) Percentage of delivered or residual fentanyl versus the nominal dose in each patch. Reference patch, 16.8 mg; test
patch, 11.0 mg.

influencing reproducibility in drug research. As previ-
ously shown, drug responses markedly differ because
of genetic variation among trial volunteers.28 Other
volunteer-specific factors that may have influenced
drug distribution in these trials include body weight
and composition. The body weight range of volunteers
was slightly broader in study 2 (55.0-90.0 kg) compared
with study 1 (53.0-75.0 kg). Research by Cawello et
al29 examining the pharmacokinetics of a transdermal

patch for treatment of early Parkinson’s disease has
shown that body weight did account for differences
in serum drug concentration between Japanese and
white participants. In contrast, some researchers have
argued that BMI, not body weight, may influence drug
metabolism.30 In the current study, BMI range was
also broader in study 2 (min-max,18.1-26.9 kg/m2)
compared with study 1 (min-max, 20.2-22.2 kg/m2). A
review byKuip et al31 noted that absorption of fentanyl
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was overall greater in patients with high versus low
BMI, with adipose tissue acting as a store or buffer
for the absorbed, circulating fentanyl. In cachectic
patients, the concentration of fentanyl was found to
be significantly lower. Volunteers with a BMI below
20 kg/m2 in study 2 may therefore have had an effect
on the mean amount of fentanyl delivered. However,
because BMI was the only measure of body fat in this
study, but is not an exact measure of body fat, further
research is needed to gain a deeper understanding of
how certain biological factors may affect transdermal
fentanyl absorption and distribution. The 2 trials were
performed under strict adherence to protocol to mini-
mize technical variability, but biological differences are
difficult to control for. Therefore, it is assumed that the
differences observed in test patch delivery are because
of biological factors.

The test patch was safe and well tolerated in both
studies; its safety profile was similar to that of the
reference patch. Adverse effects experienced by volun-
teers, such as nausea, vomiting, and headache, were
consistent with those usually reported after fentanyl
administration.17-19

Initially, the bioequivalence study was planned as
a 2-stage study with stage 1 (preliminary) to confirm
experimental technique and determine the number of
volunteers required for stage 2 (main study). However,
stage 2 was not conducted because the primary objec-
tive of demonstrating bioequivalence to the reference
patch was reached in stage 1, indicating that the low
variability in pharmacokinetic data and quality of re-
sults was good.

Conclusion
In conclusion, the 2 studies performed showed that
the novel membrane patch was both safe and well tol-
erated in healthy Japanese men and provided reliable
dose-dependent delivery of fentanyl with good adhe-
sion performance. The patch provided equivalent fen-
tanyl exposure at a lower dose than a commercially
available reference patch formulation with lower vari-
ability. These data encourage the evaluation of this
novel transdermal fentanyl patch in further studies in
Japan.
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