ERAPEUTICS FOR THE CLINICIAN

One-Week Treatment With Once-Daily

Fluorouracil Cream 0.5% in Participants
With Actinic Keratoses

Alan Menter, MD; George Vamvakias; Joseph Jorizzo, MD

Actinic keratoses (AKs) are common in fair-skinned
individuals with a history of chronic and excessive
sun exposure and may progress to squamous cell
carcinoma (SCC). Topical fluorouracil is an effec-
tive therapeutic option for patients with AKs, but
it is associated with substantial skin irritation. The
efficacy and tolerability of 1-week treatment using
microsponge-based fluorouracil cream 0.5% were
analyzed in 356 participants with AK lesions.
One-week treatment with once-daily fluorouracil
cream 0.5% was significantly more effective
than vehicle control in reducing AK lesions and
in achieving complete clearance (P<.001). No
serious treatment-related adverse events
occurred. The most frequent treatment-related
adverse events were facial and eye irritations,
which were predominantly mild to moderate
in severity. No participants in the fluorouracil
cream 0.5% treatment group discontinued the
study because of treatment-related adverse
events. One-week treatment with once-daily fluo-
rouracil cream 0.5% is an effective well-tolerated
therapy for AKs. Using this short treatment dura-
tion period in combination with cryosurgery may
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prove beneficial in clinical practice. Extending
treatment for up to 4 weeks will further improve
AK lesion clearance rates.
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ctinic keratoses (AKs) are neoplastic skin
lesions commonly found in sun-exposed areas
of skin in individuals with fair complexions.?
The clinical, histologic, and genetic characteristics
of AK lesions are similar to in situ squamous cell
carcinomas (SCCs).!? It is estimated that the rate of
evolution of AK to invasive SCC is approximately
10%,* and AK lesions that continue to evolve into
SCC may not be visually distinguishable from other
AK lesions.?’ Thus, treatment of AK lesions is impor-
tant to avoid progression to SCC.%7
Fluorouracil is the most frequently used topical
therapy for AK.® Its mechanism of action con-
sists of interference with the synthesis of nucleic
acids through its metabolite, 5-fluorodeoxyuridylic
acid. This compound inhibits thymidylate syn-
thase, which catalyzes conversion of deoxyuridine
5'-monophosphate to the DNA component thymi-
dine 5'-monophosphate.”!® To a lesser extent, incor-
poration of fluorouracil into RNA also may interfere
with RNA synthesis.”!*® Neoplastic keratinocytes
in AK lesions have a higher rate of DNA synthesis
and repair than keratinocytes in normal skin, sug-
gesting that fluorouracil may preferentially act on
AK lesions.!"8
The skin irritation caused by some formula-
tions of topical fluorouracil may result in decreased
patient compliance and a potentially poor thera-
peutic outcome.® To provide increased efficacy and
improved tolerability, a formulation consisting of
a 0.5% concentration of fluorouracil was developed
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using a microsponge delivery vehicle. The active
ingredient, fluorouracil, is incorporated on the
surface of and within porous microspheres.”” This
microsponge-based system has been shown to pro-
vide a sustained rate of release of fluorouracil
in vitro, thereby potentially maintaining efficacy
while reducing local adverse effects.?® This formula-
tion of fluorouracil is indicated in patients with AKs
of the face or anterior scalp as once-daily treatment
for up to 4 weeks as tolerated.

We report pooled efficacy and tolerability data
from 2 phase 3 studies and 1 phase 4 study involving
a total of 356 participants with AK lesions following
1-week treatment with fluorouracil cream 0.5%.

Methods

All of the studies described here were conducted
in accordance with the Declaration of Helsinki
and were approved by the institutional review
board at each participating institution. Written
informed consent was obtained from all participants
prior to enrollment.

Characteristics of Pooled Studies (2 Phase 3;
1 Phase 4)—Inclusion criteria for the pooled studies
included age (18 years or older) and 5 or less vis-
ible and/or palpable AK lesions on the frontal scalp
(phase 3 only) and/or face (phases 3 and 4). All
3 placebo-controlled, double-blind, parallel-group,
multicenter trials examined efficacy and safety in
participants receiving a microsponge formulation
of fluorouracil cream 0.5% or vehicle control for
4 weeks. Participants were instructed to wash their
faces approximately 10 minutes prior to applying
treatment, with thorough rinsing and drying with
a clean towel. Study medication was applied as a
thin film and massaged into the skin each morn-
ing or evening at 24-hour intervals. Treatment was
applied avoiding the eyes, nose, and mouth, and was
to continuously cover the facial area (defined as the
superior hairline, the inferior mandibular angle, and
the lateral tragus) and frontal scalp (defined as an
imaginary longitudinal line drawn directly across the
scalp from the right to left tragus), if included as a
treatment area.

Primary efficacy variables for this group of stud-
ies included reduction from baseline in regional
count of visible and palpable AK lesions and com-
plete clearance of AK lesions at the posttreatment
follow-up evaluation. Clearance was defined as
either a physician global assessment of improve-
ment (PGAI) score of +5, indicating 100% improve-
ment (phase 3), or no AK lesions in the treatment
area at posttreatment evaluation (phase 4). Efficacy
analyses were based on the intention-to-treat (ITT)
populations and included either all participants
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randomized to treatment (phase 3) or participants
with at least 1 postbaseline efficacy measurement
(phase 4).

Treatment tolerability was evaluated by moni-
toring the incidence of adverse events, and data
regarding the severity, onset, and duration of adverse
events were collected. Participants receiving at least
1 dose of study medication or vehicle control were
included in the statistical analyses of tolerability.

The pooled analyses of data for 1-week treatment
for the phase 3 and 4 studies are presented here.
Complete data from the separate phase 3 studies?"??
and the phase 4 study?*** are reported elsewhere.

Pooled Analysis—Results of the phase 3 and 4 stud-
ies were pooled to provide an overall analysis of
efficacy of fluorouracil cream 0.5% compared with
vehicle control in all study participants. As in
the individual studies, efficacy was assessed as the
reduction from baseline AK lesion count and the
proportion of participants with complete clearance
of AK lesions. Percentage reduction in posttreat-
ment AK lesions from baseline was analyzed using
an analysis of covariance with treatment, center,
and baseline lesions as factors. Between-group dif-
ferences in complete clearance were analyzed using
the Pearson x* test.

Summary statistics were calculated for the inci-
dence of adverse events and the incidence and
severity of treatment-related adverse events in the
phase 3 and 4 studies. Comparison of the onset of
facial irritation between treatment groups was evalu-
ated by the Wilcoxon rank sum test in the pooled
phase 3 studies. The incidence and severity of treatment-
related adverse events in the phase 3 and 4 studies also
were pooled, with descriptive statistics used to provide
an overall assessment of the tolerability of fluorouracil
cream 0.5% compared with vehicle control.

Results

Participant Demographics and Baseline Characteristics—
Overall, a total of 356 participants were enrolled in
the phase 3 and 4 studies; 157 participants were ran-
domized to the fluorouracil cream 0.5% groups and
199 were randomized to the vehicle control groups.
Four participants discontinued the phase 3 studies,
including 3 from the fluorouracil cream 0.5% treat-
ment group because of adverse events (n=2) and
voluntary withdrawal (n=1) and 1 from the vehicle
control group (voluntary). A total of 7 participants
(1 in the fluorouracil cream 0.5% treatment group
and 6 in the vehicle control group) discontinued
the phase 4 study. One enrolled participant in the
phase 4 study was lost to follow-up shortly after
the study began. In the pooled phase 3 studies, the
ITT and safety populations were identical (n=212).
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One participant in the phase 4 study, however,
received treatment (vehicle control) but did not
have a postbaseline efficacy measurement. As a
result, the phase 4 safety population included 1 more
participant than the ITT population (n=143 and
n=142, respectively).

Demographics and baseline characteristics for
the ITT populations for the pooled phase 3 studies,
the phase 4 study, and all studies combined are pre-
sented in Table 1. Participants in all study groups
were comparable in age. Most participants were
white males with light complexion. In the pooled
phase 3 studies, 61.2% (52/85) of the fluorouracil
cream 0.5% treatment group and 69.3% (88/127)
of the vehicle control group had received prior
therapy for AK lesions, primarily cryotherapy. In the
phase 4 study, 72.2% (52/72) of the fluorouracil
cream 0.5% treatment group and 55.7% (39/70)
of the vehicle control group had received prior
therapy for AK lesions. Demographics were similar
in the fluorouracil cream 0.5% and vehicle control
treatment groups in the pooled phase 3 studies and
the phase 4 study, without significant between-
group differences.

The number of AK lesions across all treat-
ment groups ranged from 5 to 94 at baseline (data
not shown). More than half of the participants
in all study groups had facial irritation, including
erythema and dryness, with severity ranging from
none to severe. Baseline disease characteristics were
similar for the fluorouracil cream 0.5% and vehicle
control treatment groups in the pooled phase 3
studies and the phase 4 study, without significant
between-group differences.

Efficacy—In the pooled phase 3 studies and
the phase 4 study, 1-week treatment with fluoro-
uracil cream 0.5% was significantly more effec-
tive than vehicle control in reducing AK lesions
(P<.001)(Table 2). The proportional reductions
from the number of baseline AK lesions (derived
from least squares mean reduction) were 73.9% for
participants treated with fluorouracil cream 0.5%
and 27.8% for participants receiving vehicle con-
trol (P<<.001) in the pooled phase 3 studies. In
the phase 4 study, the percentage reductions from
baseline in the number of AK lesions in all treated
areas were 61.5% for participants treated with
fluorouracil cream 0.5% and 30.3% for partici-
pants receiving vehicle control (P<<.001). Pooled
analysis of the 3 studies at 1 week demonstrated a
61.2% reduction (least squares mean reduction) from
baseline in the number of AK lesions in the treat-
ment group compared with 24.4% in the vehicle
control group (P<<.001). Overall, 16.6% (26/157)

of participants treated with fluorouracil cream 0.5%
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experienced complete lesion clearance compared
with 1.0% (2/197) of participants in the vehi-
cle control group (P<.001). Results from the
2 phase 3 studies demonstrated that 20.0% (17/85)
of participants achieved complete clearance of
lesions in the fluorouracil cream 0.5% group versus
1.6% (2/127) of participants in the vehicle con-
trol group (P<<.001); phase 4 data demonstrated
complete clearance of lesions in 12.5% (9/72)
and 0% (0/70) of participants, respectively (P=.002).
PGAI scores were determined in the 2 pooled
phase 3 studies only. One-week treatment with
fluorouracil cream 0.5% significantly improved
PGAI scores in the active treatment group compared
with the vehicle control group (2.66 vs 0.69, respec-
tively; P<<.001)(data not shown).

Tolerability—The tolerability of 1-week treat-
ment with once-daily fluorouracil cream 0.5% was
evaluated by monitoring adverse events in all par-
ticipants who received at least 1 dose of study
medication or vehicle control. Three serious adverse
events occurred in the pooled phase 3 studies, none
of which were considered to be treatment related
by the investigators. In the pooled phase 3 studies,
serious adverse events included the death of 1 par-
ticipant in the fluorouracil cream 0.5% treatment
group because of cardiac failure and cardiovascular
problems in 2 participants receiving vehicle control.
In the phase 4 study, 2 participants in the vehicle
control group also had cardiovascular problems. The
4 participants with cardiovascular-related adverse
events recovered and completed their treatment.
The most frequent treatment-related adverse event
in all 3 studies was facial irritation, which was expe-
rienced by 56.7% (89/157) of participants receiving
fluorouracil cream 0.5% and 42.9% (85/198) of
participants receiving vehicle control. In the pooled
phase 3 studies, 2 participants from the fluorouracil
cream 0.5% treatment group discontinued the study
because of adverse events and 1 participant volun-
tarily withdrew from the study, whereas 1 participant
from the vehicle control group voluntarily discon-
tinued study medication but completed follow-up
evaluations. In the phase 4 study, 1 participant from
the fluorouracil cream 0.5% treatment group and
6 participants from the vehicle control group dis-
continued the study.

At baseline in the phase 4 study, 63.9% (46/72)
and 57.1% (40/70) of participants in the fluorouracil
cream 0.5% and vehicle control treatment groups,
respectively, experienced facial irritation (Table 3),
mostly mild to moderate. Common signs and symp-
toms of facial irritation included dryness and ery-
thema (data not shown). The incidence of mild,
moderate, or severe facial irritation in the pooled
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phase 3 studies increased significantly (P<<.001) in
the fluorouracil cream 0.5% treatment group versus
the vehicle control group, affecting 91.8% (78/85)
and 65.4% (83/127) of participants, respectively
(Table 3). Onset and duration of facial irritation
were determined in the pooled phase 3 studies only.
The median onset was the same (day 4), irrespective
of treatment product. In all fluorouracil cream 0.5%
treatment groups, the most common signs and symp-
toms of facial irritation included dryness, erythema,
burning, and pain (data not shown). The severity of
facial irritation returned to below baseline levels in
the phase 3 studies within 1 week of treatment ces-
sation. In the phase 4 study, severe application site
reactions were significantly more frequent in the
fluorouracil cream 0.5% treatment group (15.3%
[11/72]; P=.017) than in the vehicle control group
(2.8% [2/71])(Table 3) and decreased with time.

Overall, eye irritation was experienced by
8.9% (14/157) of participants receiving fluorouracil
cream 0.5% and 6.1% (12/198) of participants receiv-
ing vehicle control (pooled phase 3: 5.9% [5/85]
vs 1.6% [2/127], respectively; phase 4: 12.5% [9/72]
vs 14.1% [10/71], respectively)(Table 3). More
than twice as many treatment-related eye irrita-
tions occurred in the active treatment group in the
phase 4 study than in the pooled phase 3 studies
(12.5% vs 5.9%, respectively). At baseline in the
phase 4 study, the incidence of eye irritation was
similar between the fluorouracil cream 0.5% and
vehicle control treatment groups (Table 3), with
severity ranging from mild to moderate (data not
shown). Both treatment groups demonstrated com-
parable increases in eye irritation, the severity of
which was mostly mild.

Comment

Efficacy—Data from the 2 pooled phase 3 studies and
the phase 4 study, with a total of 356 participants
with AK lesions, demonstrated that 1-week treat-
ment with once-daily fluorouracil cream 0.5% was
significantly more effective than vehicle control in
reducing AK lesions from baseline and in achieving
AK clearance (P<.001). In addition, overall PGAI
scores, a secondary efficacy parameter assessed in
the 2 pooled phase 3 studies, significantly improved
following treatment with fluorouracil cream 0.5%
versus vehicle control (P<<.001). The efficacy of
fluorouracil cream 0.5% may be attributed in part to
its targeted delivery using the microsponge delivery
system. A skin permeation study conducted with
human cadaver skin demonstrated that 86% to
92% of the applied dose of fluorouracil cream 0.5%
was retained in the skin after 24 hours compared
with 54% of fluorouracil cream 5%.% Once-daily

T s f ~linici

treatment for 1 week with fluorouracil cream 0.5%
resulted in significant lesion clearance rates for the
3 studies compared with vehicle (P<<.001), but it
has been shown that extending treatment for up to
4 weeks resulted in increased lesion clearance rates,
ranging from 47.5% to 57.8%."'"% More impor-
tantly, however, the use of once-daily fluorouracil
cream 0.5% for a period of 1 week as part of interval
therapy has been shown to increase cryosurgery effi-
cacy. Pretreatment with fluorouracil cream 0.5% prior
to cryosurgery has been noted to not only reduce the
number of lesions requiring cryosurgery but also to
potentially unmask smaller AK lesions that otherwise
may not have been clinically evident.”**

Tolerability—In the 2 pooled phase 3 studies and
the phase 4 study reported here, the most frequent
treatment-related adverse events included facial and
eye irritations. The incidence and severity of facial
irritation were higher in the fluorouracil cream 0.5%
treatment group than in the vehicle control group.
Most facial irritation responses were mild to moder-
ate in severity. An increased incidence of eye irrita-
tion occurred in the phase 4 study compared with
the phase 3 studies, but reactions were mostly mild
in severity. The severity of facial irritation returned
to below baseline levels quickly in the phase 3 stud-
ies (within 1 week of treatment cessation). One seri-
ous adverse event was deemed unlikely to be related
to fluorouracil cream 0.5% use; all others were con-
sidered unrelated to treatment. The incidence and
severity of application site reactions, including facial
irritation, are consistent with previous reports.?*
With time, the occurrence of severe reactions
have been reported to decrease with re-treatment.?
Serious toxicity resulting from topical fluorouracil
treatment has been reported only once, in a dihy-
dropyrimidine dehydrogenase—deficient patient who
was treated with twice-daily fluorouracil cream 5%
for 1 week. Systemic absorption of the fluorouracil
cream 5% and the absence of dihydropyrimidine
dehydrogenase, which degrades fluorouracil, resulted
in severe gastrointestinal tract and hematologic tox-
icities in this patient.?® The systemic absorptions of
fluorouracil cream 0.5% once daily or fluorouracil
cream 5% twice daily applied for up to 28 days
by patients with AK lesions were estimated to be
0.55% and 2.4%, respectively.”” Thus, the systemic
exposure associated with topical 1-week treatment
with once-daily fluorouracil cream 0.5% is unlikely
to pose any systemic safety risks.

Participant Compliance—Participant compliance
was determined in the phase 4 study only and was
found to be 100% in the fluorouracil cream 0.5%
treatment group, which comprised 72 partici-
pants. This high compliance rate with 0.5% cream
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is notable in light of reports that the irritation
response associated with standard topical fluoro-
uracil 5% treatment (twice-daily application for
2—4 weeks) has been reported to result in reduced
patient compliance and potentially suboptimal out-
comes.® The reported finding of 100% participant
compliance in this phase 4 study, however, will
need to be confirmed in future trials of fluorouracil
cream 0.5%.

Conclusion

These 3 studies demonstrated that 1-week treatment
with once-daily fluorouracil cream 0.5% provides
safe, effective, and well-tolerated therapy for par-
ticipants with AK lesions. Convenient 1-week treat-
ment with once-daily fluorouracil cream 0.5% may
allow for treatment of AK lesions, particularly when
used as part of interval therapy in combination with
cryosurgery. Extending treatment with fluorouracil
cream 0.5% for up to 4 weeks results in increased
lesion clearance rates and should be considered as an
appropriate continuation of treatment.
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