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Aims

 

It is estimated that two-thirds of cancer patients will at some point during their
illness experience breakthrough pain. In this study, the pharmacokinetics of a
novel sublingual dosage form of fentanyl developed for breakthrough pain was
evaluated.

 

Methods

 

Eleven Caucasian patients (seven male and 4 female, aged 34–75 years, median
60 years) with metastatic malignant disease were recruited initially, but three
patients withdrew. Prior to the study all patients were on continuous nonfentanyl
opiate medication. The study was a double-blind, cross-over trial, consisting of
three 1-day treatment periods. A new rapidly dissolving preparation of fentanyl,
was administered sublingually in single doses of 100, 200 and 400 

 

m

 

g, respec-
tively, on three separate occasions. Plasma fentanyl concentrations were deter-
mined using liquid chromatography-mass spectrometry/mass spectrometry (LC-MS/
MS). Pharmacokinetic parameters were calculated by noncompar tment analysis.
Tolerability and the occurrence of adverse events were monitored throughout the
study by patient questionnaire.

 

Results

 

The data from nine subjects who completed at least two periods were used in
the analysis of variance. There were no significant differences between doses
(100, 200 and 400 

 

m

 

g) for dose adjusted AUC (

 

F

 

 

 

=

 

 0.42, 

 

P

 

 

 

=

 

 0.6660), dose
adjusted 

 

C

 

max

 

 (

 

F

 

 

 

=

 

 0.08, 

 

P

 

 

 

=

 

 0.9206) and Tmax (

 

F

 

 

 

=

 

 0.94, 

 

P

 

 

 

=

 

 0.4107). Thus,
these parameters showed dose proportionality. The differences (400–100

 

m

 

g) in
dose adjusted AUC from the three-period crossover analysis was 

 

-

 

0.016 min·ng/
ml (

 

t

 

 

 

=

 

 0.71, 

 

P

 

 

 

=

 

 0.8718). Interindividual variability in systemic exposure to fenta-
nyl was fairly small (25–40%), which may be related to a good 

 

in vivo

 

 biophar-
maceutical performance of the sublingual tablet, and a relatively small fraction of
the dose being swallowed. The first detectable plasma concentration of fentanyl
was observed between 8 and 11 min after administration. 

 

t

 

max

 

 increased from
39.7 

 

±

 

 17.4 to 48.7 

 

±

 

 26.3 and 56.7 

 

±

 

 24.6 min for the 100, 200 and 400 

 

m

 

g
doses, respectively. Adverse events were few and did not increase with increas-
ing dose.
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Conclusion

 

With this rapidly dissolving fentanyl formulation, the first detectable plasma concen-
tration of fentanyl was observed at 8–11 min after administration. The pharmacoki-
netics of the drug showed dose proportionately. This formulation of fentanyl seemed
to be well tolerated by the patients.

 

Introduction

 

It is estimated that more than half of cancer patients still
suffer from poorly controlled or breakthrough pain [1].
This is associated with increased morbidity and its treat-
ment has been identified as a primary goal in the
improvement of medical care for cancer patients [2].
The development slow-release opioid formulations have
been a significant step forward in the treatment of cancer
pain. However, the therapeutic effect of these drugs
shows high interindividual variability, and it is impor-
tant to apply and develop different strategies to treat
both persistent pain and periods of breakthrough pain
[1–5]. Since fentanyl is an opioid drug with rapid onset
of action, clinical benefit should be gained by adminis-
tering it in a rapidly dissolved formulation, such as a
sublingual tablet. In addition, fentanyl is a small, lipo-
philic and potent 

 

m

 

-receptor agonist that is given in low
doses (100–1000 

 

m

 

g), and lacks the bitter taste associ-
ated with some other opioids [9–11]. In general, the rate
and extent of 

 

in vivo

 

 oral mucosal and intestinal absorp-
tion is governed by the physico-chemical properties of
the drug as well as physiological factors such as gastric
states [6–8]. Major advantages of administering fentanyl
by the sublingual  route  are  its  rapid  onset  of  action
and the avoidance of its extensive and highly variable
CYP3A4-mediated gut and/or liver metabolism [7, 12,
13]. The aim of the present patient study was to evaluate
the pharmacokinetics and tolerability of a novel rapidly
absorbed sublingual fentanyl dosage form following the
administration of single doses 100, 200 and 400 

 

m

 

g (fen-
tanyl base) to cancer patients.

 

Materials and methods

 

Study design

 

The study was conducted as a double-blind, random-
ized, cross-over trial consisting of three treatment peri-
ods sublingually administered fentanyl at doses of 100,
200 and 400 

 

m

 

g separated by 3 days.
Blood samples (7 ml) were collected from the basilica

vein at 0, 1, 3, 5, 10, 15, 20, 30, 60, 90, 120, 180, 240,
360, 480 and 600 min after dosing in heparinized Vacu-
tainer® tubes, BD Vacutainer Systems, New Jersey,
USA. The samples were kept on ice and then centri-
fuged for 10 min at 1500 

 

g

 

. Plasma was stored at 

 

-

 

20 

 

∞

 

C
until analysis.

 

Patients, side-effects and tolerability.

 

Eleven Caucasian patients (seven male and four female,
aged 34–75 years, median 60 years) were recruited from
the Department of Oncology, Sahlgrenska Academy,
Göteborg, Sweden. The study was approved by the Eth-
ics Committee of the Medical Faculty and the Swedish
Medical Products Agency, Uppsala, Sweden. Eight
patients completed the study and withdrawal was not
associated with the administration of fentanyl. All eight
patients (weight 53–92 kg, mean 72, height 162–179,
mean 172) suffered from a metastatic malignant disease
and were being treated with an oral nonfentanyl opioid.
One patient had an obstructive pulmonary disease. No
patient had signs of increased intracranial pressure.
Basal laboratory findings outside the range defined in
the protocol were assessed separately and judged
according its clinical relevance by the responsible phy-
sician. None of the concomitant drugs used were con-
sidered to have a clinically important interaction with
CYP3A4 [12]. Adverse events were continuously mon-
itored throughout the study period. Full physical exam-
ination, routine haematology and clinical chemistry and
ECG was performed before the beginning of the study
and 2–5 days after administration of the last dose. Side-
effects and/or opioid-related symptoms were recorded
on a questionnaire on the study day and each event was
scored from 1 (no symptom) to 4 (severe). Oxygen sat-
uration (using a finger sensor) was recorded during the
study.

 

Dosage form

 

The new sublingual tablet is based on interactive mix-
tures of components to optimize the exposure of fenta-
nyl to the fluids and of the oral cavity mucosa in
combination with a mucosal bioadhesion of the dosage
form [14].

 

Fentanyl analysis

 

The concentration of fentanyl in human plasma was
determined by LC-MS/MS at Quintiles, Uppsala, Swe-
den. Fentanyl and an internal standard (fentanyl-d5)
were extracted into heptan containing 3% 2-butanol (v/
v) at pH 

 

>

 

12. The organic phase was evaporated to dry-
ness and the residue was dissolved in 5 m

 

M

 

 formic acid
and injected onto a reversed-phase LC column. The
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compounds were eluted with a mobile phase of aceto-
nitrile:water (18 : 82) containing 5 m

 

M

 

 formic acid. This
method was validated over the concentration range
0.02–10 ng ml

 

-

 

1

 

 with a lower limit of quantification
(LLOQ) for a 1.0 ml sample of 0.02 ng ml

 

-

 

1

 

. The intra-
assay precision at concentrations of 0.05, 1.00 and
7.25 ng ml

 

-

 

1

 

 was 5.9%, 1.0% and 1.6%, respectively.
The interassay precision at concentrations of 0.05, 1.00
and 7.25 ng ml

 

-

 

1

 

 was 5.0%, 1.2% and 1.5%, respec-
tively. Inaccuracy was 

 

<

 

2.8% measured as the percent-
age difference from nominal value. The recovery was
81.4–95.6%. At each concentration the number of rep-
licates was six.

 

Data analysis

 

Pharmacokinetic parameters were calculated using
noncompartmental analysis. The first detectable and
peak plasma concentrations (C

 

first

 

 and 

 

C

 

max

 

, respec-
tively) and the times when they occurred (t

 

first

 

 and

 

t

 

max

 

, respectively) were derived directly from the
plasma-concentration data. The area under the plasma
concentration-time curve (AUC

 

t

 

) to the last measured
concentration (C

 

t

 

) was calculated by using the linear/
logarithmic trapezoidal rule. The area from the C

 

t

 

 to
infinite time was obtained by extrapolation, i.e. by
dividing the last predicted concentration by the termi-
nal rate constant (Ke) obtained by log-linear regression
analysis of the last three to five concentration-time
points. The total AUC

 

0–

 

•

 

 was calculated from the
equation AUC

 

0–

 

•

 

 

 

=

 

 AUC

 

t

 

 

 

+

 

 C

 

t

 

/Ke. The terminal half-
life (

 

t

 

1/2

 

) was estimated using the terminal rate
constant.

The data were analysed in 

 

ANOVA

 

 using the SAS
program proc GLM, with subject, treatment, period and
treatment sequence as factors. The pharmacokinetic
parameters were compared between each dose after log
transformation (SAS System). Variability in the data
was expressed as standard deviation (SD) and standard
error of the mean (SE mean). The study performed as a
two-period crossover study (100 

 

vs.

 

 200 

 

m

 

g) with an

extra third period (400 

 

m

 

g) was analysed both as a two-
period and a three-period design.

 

Results

 

Eleven subjects were recruited. Nine subjects completed
two periods and eight subjects completed all three peri-
ods according to the protocol. The data from all nine
subjects who completed at least two periods were used
in the analysis of variance. The results from the two-
and three-period crossover analyses were in agreement.
The fraction of the dose absorbed and the systemic
exposure to fentanyl were linear over the dosage range
studied, as reflected by the AUC

 

0–

 

•

 

, which was 74.3

 

±

 

 31.0, 159.1 

 

±

 

 39.2 and 290.8 

 

±

 

 92.5 ng ml

 

-

 

1

 

·min for
the 100, 200 and 400 

 

m

 

g dose, respectively (Table 1).
There were no significant differences between doses
(100, 200 and 400 

 

m

 

g) for dose adjusted AUC
(74.3 

 

±

 

 31.0, 79.5 

 

±

 

 19.6 and 72.7 

 

±

 

 30.8 min ng

 

-

 

1

 

 ml

 

-

 

1

 

(

 

F

 

 

 

= 0.42, P = 0.6660)), dose adjusted Cmax  (0.24 ±
0.14, 0.24 ± 0.08 and 0.32 ± 0.15 ng ml-1 (F = 0.08,
P = 0.9206)) and Tmax (39.8 ± 17.4, 48.8 ± 26.3 and
53.9 ± 28.8 min (F = 0.94, P = 0.4107)). Estimated dif-
ferences between doses in dose adjusted AUC were
(200–100 mg) = 0.084, (t = 0.88, P = 0.4071, two-period
crossover analysis) (200–100 mg) = 0.065 (t = 0.71,
P = 0.4878, three-period crossover analysis) and (400–
100mg) = -0.016 (t = 0.71, P = 0.8718 three-period
crossover analysis).

Dose proportionality also occurred with Cmax

(Table 1). Fentanyl was rapidly absorbed and its tmax

was somewhat slower at the higher doses (Table 1).
There was a nonsignificant increase in tmax from
39.7 ± 17.4 to 48.7 ± 26.3–56.7 ± 24.6 min for the
100, 200 and 400 mg doses, respectively (P = 0.19–
0.57; t = 0.58–1.36) (Table 1). Cfirst was reasonably
dose proportional and tfirst occurred almost at the same
time for each dose (P = 0.69–0.92; t = -0.1–0.4)
(Table 1). The elimination half-life of fentanyl was
6.1, 6.3 and 5.4 h for the 100, 200 and 400 mg doses,
respectively (Table 1).

100 mg 200 mg 400 mg

AUC0–•(ng ml-1 min-1) 74.3 ± 31.0 159.1 ± 39.2 290.8 ± 92.5
Cfirst (ng ml-1) 0.05 ± 0.03 0.08 ± 0.08 0.17 ± 0.14
tfirst (min) 10.7 ± 3.2 8.0 ± 2.7 9.0 ± 4.1
Cmax (ng ml-1) 0.24 ± 0.14 0.41 ± 0.16 0.91 ± 0.3
tmax (min) 39.7 ± 17.4 48.7 ± 26.3 56.7 ± 24.6
t1/2 (h) 6.1 ± 2.0 6.3 ± 1.6 5.4 ± 1.7

Table 1
Non-compartmental pharmacokinetic 
parameters (mean ± SD)  of fentanyl  
following sublingual administration to eight 
cancer patients
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Sublingual single-dose administration of fentanyl in
the current immediate-release formulation was gener-
ally well tolerated. Throughout the study period, adverse
effects such as pain, diarrhoea, dizziness, vomiting and
nausea were observed in seven out of the 11 cancer pain
patients, but no serious adverse effect was recorded and
none seemed to be related to the administration of fen-
tanyl. Additional symptoms recorded in the patient
symptom questionnaires were occasional and were gen-
erally not related to the fentanyl. Oxygen treatment was
not needed.

Discussion
In the present study we showed that both the plasma
AUC and the Cmax of fentanyl given sublingually
increased linearly with dosage. The plasma concentra-
tions for the current sublingual formulation were within
the established therapeutic range for fentanyl [15]. Our
data were in agreement with an earlier pharmacokinetic
study where the study drug was given as its oral trans-
mucosal citrate (OTFC; Actiq® Cephalon Inc., Pennsyl-
vania, USA) in a range of single doses (200–1600 mg)
to 12 healthy male subjects [16]. The elimination half-
life of fentanyl in the present study was also in agree-
ment with values from other studies, in which fentanyl
was administered by the pulmonary and oral transmu-
cosal routes [16]. Inter-individual variability in the phar-

macokinetic parameters did not increase at higher doses,
and there were no secondary plasma concentration
peaks that might suggest that only some of the dose was
swallowed.

However, interindividual variability (expressed as a
coefficient of variation) in the pharmacokinetic param-
eters (AUC, Cmax and t1/2) was 25–40% in the current
study, but 60–95% in the study by Streisand et al. in
1998 [16]. This difference suggests a more reliable
absorption of fentanyl from the newly developed sublin-
gual tablet, which might be the consequence of less
fentanyl being swallowed and a larger portion of the
absorption occurring from the mucosal site due to the
bioadhesive component.

The time to the first detectable plasma concentration
was about the same (8–11 min), throughout the dose
range investigated, which indicates that the initial
absorption rate of fentanyl from the sublingual tablet is
unaffected by the size of the dose. The rapid absorption
of fentanyl is expected since its physico-chemical prop-
erties govern high passive transcellular membrane dif-
fusion [8, 9, 17]. However, the tendency towards a
prolonged tmax of fentanyl at higher sublingual doses
may be due to differences in the properties of the highest
dose formulation and/or retention of fentanyl in the
mucosal tissue in the vicinity of the administration site.
Both processes may be explained by the very high lipo-

Figure 1
Mean (± SEM) plasma concentration-time 

profiles fot fentanyl in eight cancer patients 

following single sublingual doses of 100 mg 

(�), 200 mg (�), or 400 mg (�), fentanyl on 

three separate study days
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solubility of fentanyl. It has also been reported that
fentanyl may be retained within tissue cell compart-
ments [18, 19]. However, even if the later tmax suggests
a somewhat slower absorption rate, bioavailability was
unaffected by the dose in our study.

In conclusion, the fraction of the dose absorbed and
the systemic exposure of fentanyl administered by the
sublingual formulation was linear over the 100–400 mg
dose range. Systemic exposure showed fairly small
interindividual variability, and the first detactable
plasma concentration of fentanyl was at 8–11 min after
administration. The reported adverse effects were
considered to be unrelated to the administration of
fentanyl.

This study was supported by Orexo AB, Uppsala, 
Sweden and B and H Lennernäs received compensation 
for advicer-work.
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