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Abstract Background: Oral trans-
mucosal fentanyl citrate (OTFC;
ACTIQ) incorporates fentanyl into a
lozenge allowing drug delivery
through the oral mucosa resulting in
rapid pain relief. OTFC is effective
for breakthrough pain and could be
particularly useful in patients with
mucositis. Methods: This random-
ized, double-blind, crossover study
assessed two formulations of OTFC
for tolerability in 14 patients with
radiation-induced mucositis. On four
separate days, patients with grade 3
or 4 mucositis received an OTFC unit
45 min before radiation treatment.
Two units had a sweetened matrix
formulation and two had a com-
pressed powder formulation. One unit
of each formulation contained 200 mg
fentanyl and one was placebo. Tol-
erability, mucositis pain, and formu-
lation preference were evaluated.
Changes in oral mucosa were

recorded. Results: Both formulations
of OTFC were well tolerated. There
were no significant differences be-
tween formulations in tolerability,
patient preference, or VAS pain
scores. No changes in oral mucosa
were noted. Common treatment-re-
lated adverse events included a
burning sensation in the mouth, nau-
sea, and vomiting. Conclusions: Both
formulations of OTFC are well tol-
erated. The presence of fentanyl in
either the sweetened matrix or the
compressed powder did not alter
tolerability or safety. The dose of
fentanyl tested did not yield analgesia
greater than placebo; future studies of
OTFC efficacy in mucositis should
evaluate higher doses than 200 mg.
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Introduction

Oral mucositis is common problem in the cancer
population. It may be associated with radiation therapy
or chemotherapy, or relate to numerous other conditions,
including infection. Oral mucositis is painful and may
become severe enough to prevent patients from speak-
ing, eating, drinking, or swallowing oral medications.
If severe enough to warrant discontinuation of treat-
ment, it can reduce the chance of local control or even
cure.

In patients with dysphagia caused by mucositis, opioid
therapy for severe pain may require a route of adminis-

tration that does not rely on swallowing solid drug
formulations, such as tablets or pills. Drug delivery across
the oral mucosa may provide an alternative method of
opioid delivery. The OTS (oral transmucosal system) is a
drug delivery system that is currently available as oral
transmucosal fentanyl citrate (OTFC; ACTIQ). OTFC
incorporates fentanyl citrate into a lozenge (either a
cooked, sweetened matrix or a compressed powder
formulation) that is attached to a handle. The OTFC
unit is self-administered and delivers fentanyl (200–
1,600 mcg/U) for absorption across the buccal mucosa as
the lozenge dissolves. Dissolution of the lozenge typically
occurs within 15 min. OTFC has been shown to deliver
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rapid analgesia, within 15 min, to opioid-tolerant patients
who experience breakthrough pain [4, 9, 12, 7].

Currently, OTFC is available in a cooked sweetened
matrix and is used in the United States for management of
breakthrough pain. Although an alternative compressed
powder formulation of OTFC is not currently available
for use in the United States, it is bioequivalent to the
cooked sweetened matrix (data on file, Cephalon, Inc.)
and is currently marketed in Europe.

Neither formulation of OTFC has been studied for use
in patients with oral mucositis. Due to the painful nature
of this disorder and the possibility that oral lesions could
alter either the pharmacokinetics or pharmacodynamics of
the fentanyl contained in the OTS system, studies are
needed to, first, assess tolerability and, second, evaluate
effects. This pilot study was primarily conducted to
determine whether cancer patients with grades 3 or 4
radiation-induced oral mucositis can tolerate OTFC when
administered as either the sweetened matrix or the
compressed powder. Tolerability and safety were the
primary outcomes of interest; analgesic efficacy and
patient preference of formulation also were recorded.

Materials and methods

The study used a randomized, double-blind, crossover design to
evaluate two formulations of OTFC in cancer patients with grade 3
(n=12) or grade 4 (n=2) radiation-induced oral mucositis. Grade 3
mucositis is the presence of severe mouth ulceration, edema, pain
and dysphagia, and grade 4 mucositis is defined as contiguous
ulceration, severe pain, dysphagia, and erythema, and there may be
the presence of infection. The two formulations (Cephalon Inc.)
comprised a sweetened matrix and a compressed powder. The study
was approved by the Institutional Review Board, and all patients
gave written informed consent prior to participation. The study was
conducted in accordance with the Helsinki Declaration of 1975, as
revised in 1983.

Study population

Adult head and neck cancer patients receiving radiation therapy
(with or without concomitant chemotherapy) were eligible for the
study if: (a) examination revealed grades 3 or 4 oral mucositis; (b)
pain was being treated for at least 1 week with an opioid equivalent
to at least 60 mg oral morphine per day or 50 mcg transdermal
fentanyl per hour; (c) the opioid dose had been stable for at least
48 h; and (d) an oral mucositis pain score was at least 30 mm on a
visual analog scale (VAS) that ranged from 0 to 100 mm.

Patients were excluded from the study if: (a) they were using
local analgesics (e.g., topically-acting suspensions) for oral muco-
sitis as they progressed into grades 3 or 4 mucositis and this usage
was likely to affect OTFC tolerability; (b) they had hypersensitiv-
ities or contraindications to any compound present in study
medications; (c) they had a current history of substance abuse; or
(d) they reported cardiopulmonary, neurologic, or psychiatric
disease that would compromise data collection. Patients who had
participated in an investigational drug study within 30 days of
screening were also excluded.

Procedures

Patients with grades 3 or 4 oral mucositis were enrolled in this
randomized, double-blind, crossover study. One dose of study drug
was administered just prior to each of four visits for radiation
treatment. Each patient received two units of a sweetened matrix
formulation and two units of a compressed powder formulation of
OTFC. For each formulation, one unit contained 200 mcg fentanyl
and one contained placebo. A minimum of 16 h separated study
visits; study treatments were given on consecutive days of
radiation, and the total study duration did not exceed 14 days.
Each study visit coincided with a regularly scheduled radiation
therapy visit. The order in which the patient received treatments
was determined by a computer-generated randomization code.

Eligible patients were screened for enrollment in the study. The
investigator evaluated each patient’s oral mucositis according to the
National Institutes of Health Common Toxicity Criteria [2] and
performed a medical history and physical exam. Women of
childbearing potential received a urine pregnancy test. Following
these evaluations, the patient was assigned a randomization number
and instructed in the proper use of the OTS unit. Patients were told
to self-administer the OTS unit by moving it over the mucosal
lining of the cheek, taking care not to bite or chew the unit. Patients
were instructed that a minimum of 2 h must have elapsed between
the last dose of the patient’s usual analgesic and administration of
study drug.

Patients were reevaluated by an investigator during subsequent
visits to the radiation therapy department. If a patient remained
eligible, the first study treatment was initiated. Subsequent treat-
ments were administered prior to three additional radiation treat-
ments.

The procedures for the first three treatments were identical. The
patients self-administered the OTS unit. The start time was
recorded, and the patient provided oral mucositis pain scores at 5,
10, 15, 30, and 45 min after the start of the OTS unit administration.
Vital signs were measured prior to study drug administration and at
15, 30, and 45 min after the start of study drug administration.
When the patient indicated that he or she was finished with the OTS
unit, the stop time was recorded and the patient provided a
tolerability score. The patient’s oral mucosa was then examined for
changes, and the investigator estimated the amount of the OTS unit
consumed. Adverse events were elicited with an open-ended
question during consumption of the drug and again after the unit
was consumed. The latter assessment occurred prior to the start of
the radiation treatment, which began no sooner than 45 min after
the start of OTS unit administration. Patients remained in the clinic
a minimum of 1.5 h after study drug administration and were
discharged only after being evaluated by the investigator. For the
fourth OTS administration, the same procedures were followed,
except that in addition to the procedures noted above, a physical
examination was performed, and patients ranked their preference
for each OTS unit formulation using demonstration units.

Outcome measures

Oral mucositis was graded according to the National Institutes of
Health Common Toxicity Criteria: 0=none, 1=erythema of the
mucosa, 2=patchy pseudomembranous reaction, 3=confluent pseu-
domembranous reaction, 4=necrosis or deep ulceration. Tolerability
was scored by the patient using a 4-point categorical scale (1=easily
tolerated, no discomfort with use; 2=mild discomfort with use, but
not enough to interfere with administration of unit; 3=moderate
discomfort with use, administration of unit somewhat impaired;
4=severe discomfort with use, unable to administer unit). At 5, 10,
15, 30, and 45 min following the start of study drug administration,
oral mucositis pain “right now” was scored by the patient using a
100 mm visual analog scale (VAS), reflecting no pain at 0 mm and
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the worst pain ever experienced at 100 mm. When the patient had
finished the OTS unit, the investigator recorded the OTS admin-
istration time and visually estimated the amount of OTS unit
consumed by the patient, choosing one of the following: 90–100%,
70–89%, 50–69%, or <50%. At the conclusion of the study, patients
were asked to rank their preference by selecting one of the
following options: preferred the sweetened matrix; preferred the
compressed powder; had a similar preference (similar preference
means both units tasted the same, one not better than the other), or
had no preference (no preference means the patients did not have an
opinion). Adverse events were recorded, and the investigator noted
any changes in the oral mucosa. Vital signs (blood pressure, heart
rate, and respiratory rate) were measured.

Data analysis

The study was designed as a pilot to explore for the first time the
potential for adverse or beneficial effects of OTFC in mucositis.
The sample size of 14 patients was selected a priori as large enough
to provide useful information about tolerability and safety.

The primary outcome was the tolerability ratings for each
formulation of the OTS unit, matrix versus powder. The tolerability
distributions were tabulated. Because the tolerability score was
ordinal, the size of the difference of the scores was not evaluated.
For each patient, the tolerability score for the active powder
formulation was subtracted from the tolerability score for the active
matrix formulation. Likewise, for each patient, the tolerability score
for the placebo powder was subtracted from the tolerability score
for the placebo matrix. For these within-patient differences, a +1
was assigned for a positive difference, a 0 was assigned for no
difference, and a �1 was assigned for a negative difference. The
two scores were added together to create a tolerability comparison
variable with defined characteristics. A Wilcoxon signed ranks test
was then used to determine whether the distribution of the
tolerability comparison variable was centered at 0. If the p value
was <0.05 and the mean of the tolerability comparison variable was
negative, then the matrix formulation was better tolerated. If the p
value was <0.05 and the mean of the tolerability comparison
variable was positive, then the powder formulation was better
tolerated. Otherwise, there was not sufficient evidence to reject the
hypothesis that the two formulations were tolerated equally well. If
the better-tolerated formulation differed for active and placebo, the
above test would show no advantage to either matrix or powder.
This test would have decreased power if the tolerability comparison
variable frequently took the value 0 [10].

A paired sign test also was used to compare tolerability scores
between formulations for active and placebo treatments separately
(i.e., a sign test was used to compare the tolerability scores of active
matrix versus active powder, and a sign test was used to compare
the tolerability scores of placebo matrix versus placebo powder).
The sign test assumed that the scale of measurement for the
tolerability score was ordinal and did not require it to be interval. A
p value �0.05 was considered significant for this test.

Descriptive statistics were calculated overall and by treatment
for the following variables: pain score at each evaluation, maxi-
mum change from baseline in pain score, time to maximum change
in pain score, duration of OTS unit administration, amount of OTS
unit consumed, and OTS unit formulation preference. The maxi-
mum change in pain score from baseline was computed by
subtracting the pain VAS score at 0 min from the pain VAS score at
0, 5, 10, 15, 30, and 45 min to obtain the change from baseline at
each time. The maximum change from baseline score was the
change from baseline score that was largest in absolute value. A
decrease in pain from baseline was expressed as a negative number,
while an increase in pain from baseline was a positive number. The
time from baseline to maximum change in pain score was
calculated by determining the first time (0, 5, 10, 15, 30, or

45 min) associated with the maximum change from baseline pain
score. The length of time required for OTS unit consumption was
calculated by subtracting the start time of administration from the
stop time. The Wilcoxon signed rank test was used to compare
formulations separately within active and placebo (i.e., active
matrix versus active powder and placebo matrix versus placebo
powder) for duration of administration, maximum change from
baseline in pain score, and time to maximum change in pain score.
A sign test was used to evaluate the amount of OTS unit consumed
and to compare changes in oral mucosa. Under the null binomial
distribution with success probability of 0.50, an exact test was used
to determine if, after eliminating no or similar preference groups,
formulation preferences were consistent with the null hypothesis of
equal preference between OTS unit formulations of powder and
matrix. All statistical calculations were done using SAS (version
6.12; SAS Institute, Cary, NC, USA).

Results

Fourteen adult patients with head and neck cancer (ten
men, four women) participated in this study. In accor-
dance with the protocol, one patient requiring increased
analgesics for persistent pain between treatments was
withdrawn following the second treatment. The mean
(€SD) patient age was 53€9 years, and 11 of the 14
patients were white (Table 1). At the time of OTS
administration, the majority of patients (n=12; 86%) had
an oral mucositis grading of 3, and the remainder (n=2;
14%) had a grading of 4. All patients were receiving some
type of opioid analgesia for chronic pain, and five (36%)
were using a laxative and/or stool softener for constipa-
tion. Six (43%) were using an oral rinse containing
diphenhydramine, lidocaine, and an antacid prior to and
during the study period; all stopped when mucositis
reached grade 3 or 4. Other medications taken during the
study included antiretrovirals (for HIV infection), antibi-
otics, antiemetics, and treatment for anemia.

Table 1 Patient Characteristics (n=14). Patient height, weight and
body mass index is purely demographics and background infor-
mation

Variable

Oral mucositis grading

3 12 (86)
4 2 (14)

Gender

Women (%) 4 (29)
Men (%) 10 (71)

Age (years)

Mean€SD 53 € 9
Range 37–78

Race

White (%) 11 (79)
Black (%) 1 (7)
Hispanic (%) 1 (7)
Other (%) 1 (7)
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Most patients considered all OTS units to be easily
tolerated, and no patient rated any of the OTS units as
producing severe discomfort with use (Table 2). The
difference in tolerability ratings between the sweetened
matrix and compressed powder overall was not statisti-
cally significant (p=0.063), nor were the differences
between the matrix and powder for either the active
formulation (p=0.375) or placebo formulation (p=0.063).

At baseline, median pain VAS scores were similar
across the fur treatment conditions (56 mm and 52 mm for
active and placebo sweetened matrix, and 49 and 61 mm
for active and placebo compressed powder, respectively).
Reductions in oral mucositis pain were observed for all
four treatments as early as the first scheduled time point
(5 min after the start of OTS unit administration) and at
each scheduled time point thereafter. The median change
from baseline at 45 min was �31 mm and �42 mm for
active and placebo sweetened matrix, respectively and
�30 mm and �36 mm for active and placebo compressed
powder. Differences in maximum change in pain VAS
scores between the active matrix and active powder
formulations and between the placebo matrix and placebo
powder formulations were not statistically significant
(p=0.146 and p=0.186, respectively; Table 2). Median

time to maximum change in pain VAS scores were
similar between the four treatment groups—30 min and
38 min for active and placebo sweetened matrix, and
45 min and 30 min for active and placebo compressed
powder, respectively (Table 2).

Most patients consumed between 90–100% of each
OTS unit (Table 2). Consumption of the sweetened matrix
was higher overall than consumption of the compressed
powder for both active and placebo formulations, al-
though the differences were not significant within either
the active or placebo formulation (p=0.125 within both
active and placebo). The median administration times for
the sweetened matrix (18 and 17 min) were lower than the
median administration times for the compressed powder
(20 and 25 min) for both active and placebo formulations,
respectively, although none of these differences attained
statistical significance (Table 2).

More patients (seven patients; 50%) preferred the
sweetened matrix than preferred the compressed powder
matrix (three patients; 21%). Three patients (21%) had no
preference. The difference between the proportions of
patients preferring the sweetened matrix to the powder
formulation was not statistically significant (p=0.343).

Table 2 Summary of efficacy evaluations of the two OTFC formulations

Sweetened matrix Compressed powder P values

Active
(n=14)

Placebo
(n=14)

Active
(n=13)

Placebo
(n=13)

Within
active

Within
placebo

Overall

Tolerability score n (%) n (%) n (%) n (%) 0.375* 0.063* 0.063ţ

(1) Easily tolerated 13 (93%) 13 (93%) 8 (62%) 8 (62%)
(2) Mild discomfort 0 (0%) 1 (7%) 5 (38%) 4 (31%)
(3) Moderate discomfort 1 (7%) 0 (0%) 0 (0%) 1 (8%)
(4) Severe discomfort 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Maximum change in pain VAS
score (mm)

0.146ţ 0.186ţ �

Median �35 �42 �36 �36
Mean (SD) �30 (28.8) �45 (27.2) �40 (20.4) �32 (30.8)
(Min, max) (�71, 25) (�93, 11) (�69, �7) (�82, 16)

Time to maximum change
in VAS score (min)

0.207ţ 1.000ţ -

Median 30 38 45 30
Mean (SD) 24 (15.0) 30 (16.3) 32 (16.4) 31 (15.3)
(Min, max) (5, 45) (10, 45) (5, 45) (5, 45)

OTS consumption n (%) n (%) n (%) n (%) 0.125tt 0.125tt -

90–100% 13 (93) 13 (93) 9 (69) 9 (69)
70–89% 0 (0) 1(7) 3 (23) 2 (15)
50–69% 1 (7) 0 (0) 0 (0) 2 (15)
<50% 0 (0) 0 (0) 1 (8) 0 (0)

Administration time (min.) 0.445ţ 0.063ţ -

Median 18 17 20 25
Mean (SD) 21 (8.1) 20 (6.1) 24 (9.6) 26 (11.6)
(Min, max) (15, 40) (15, 30) (15, 45) (15, 45)

*P value based on the paired sign test
ţ P value based on the Wilcoxon signed rank test
tt P value based on the sign test
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Both formulations were well tolerated. No changes in
oral mucosa were identified for any patient. The formu-
lations were comparable with respect to the incidence and
type of adverse events reported. The most frequent study-
drug-related adverse event was a burning sensation in the
mouth and was reported more frequently with the
compressed powder matrix (five patients each in the
placebo and active groups) than the sweetened matrix
formulation (two patients each in the placebo and active
groups). The burning sensation in the mouth was gener-
ally mild in intensity. The only other treatment-related
adverse events were nausea and vomiting in one patient
when receiving the placebo powder formulation. No
patient withdrew from the study due to an adverse event.

Discussion

Previous controlled trials of OTFC [4, 9, 12, 7] have not
allowed conclusions about the tolerability and effects of
this formulation in patients with moderate or severe oral
mucositis. Given the potential for change in both phar-
macokinetics and pharmacodynamics following local
application of fentanyl to damaged mucosa, and the
possibility of poor tolerability related either to the contact
of a solid lozenge against inflamed tissue or to the active
drug itself, studies of OTFC in mucositis patients must be
designed to systematically assess a variety of outcomes,
including local tissue changes, tolerability, adverse drug
effects, and analgesic efficacy. As an initial step in this
evaluation, we conducted a pilot study that had tolerabil-
ity as the primary outcome but included a methodology
(double-blind, placebo-controlled drug administration)
that permitted exploration of drug effects.

The results of this pilot demonstrate that both sweet-
ened matrix and compressed powder formulations of
OTFC were well tolerated in 78% of patients; only 19%
reported mild discomfort, which did not interfere with
administration. The presence of active drug in either
formulation did not alter tolerability or safety. While
more patients favored the sweetened matrix formulation,
this preference was not significant. All four treatments
produced progressively less oral mucositis pain at each
time point after receiving the OTFC unit, and reductions
in pain were similar for all groups. Because the study was
not powered to evaluate efficacy between the active and
placebo doses, and we did not require dose adjustments,
the finding of no difference is not interpretable. Although
a lack of efficacy of fentanyl compared with placebo is a
possible explanation, more plausible reasons for the lack
of difference between active and placebo include an
inadequate dose of fentanyl, a powerful, nonspecific

effect such as the benefit of increased saliva produced by
consuming the OTFC unit, and a large placebo effect.
Future studies evaluating the efficacy of OTFC for
managing oral mucositis will need to be adequately
powered and will need to incorporate titration to an
adequate dose into the study design.

Currently, few therapeutic options are available to
effectively manage pain from oral mucositis. Magic
Mouthwash, the oral rinse containing diphenhydramine,
lidocaine, and an antacid, is a widely used medication for
reducing pain in these patients. Amifostine, a cytopro-
tector, has been shown to reduce severe mucositis and the
use of analgesic drugs when given prior to high dose
chemotherapy [3]. Anderson et al. [1] reported that low-
dose oral glutamine on painful stomatitis during bone
marrow transplantation decreased the severity and dura-
tion of oropharyngeal mucositis in autologous bone
marrow transplant patients but not in allogeneic bone
marrow transplant patients.

As a result of the paucity of therapeutic options
available for painful oral mucositis, opioids have been the
mainstay of therapeutic management [5, 8, 6]. However,
many patients experience mucositis that is severe enough
to prevent them from drinking, swallowing, or taking oral
medications. Drug delivery across the oral mucosa might
provide another therapeutic option for patients with this
condition. Because fentanyl is potent and highly lipophil-
ic, it is readily absorbed from the oral mucosa and rapidly
crosses the blood brain barrier. There is evidence that
OTFC has a more rapid onset than oral opioids [10, 11]
and this characteristic was primary in its development as a
specific therapy for cancer-related breakthrough pain.

This pilot study suggests that OTFC would be tolerated
by most patients with severe mucositis. Additional well-
controlled efficacy trials should be pursued. Our data
suggest that these future studies may use either the
compressed powder or the sweetened matrix. Limitations
in this pilot study, including lack of dose titration and
small sample size, should be addressed in future studies.
Future studies also should evaluate the absorption phar-
macokinetics of fentanyl and the pharmacokinetic-phar-
macodynamic relationship in this group of patients to
determine whether the pharmacokinetics are altered when
oral mucosa is injured and whether topical effects of the
drug may be relevant. In conclusion, the data suggest that
OTFC can be a well-tolerated drug when administered for
pain to patients with oral mucositis.
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