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The efficacy and safety of a new 0.5% fluorouracil
topical cream were compared with vehicle control
for the treatment of actinic keratosis (AK). Active
treatment applied once daily for 1, 2, or 4 weeks
was more effective than vehicle control in achiev-
ing reduction from baseline in lesion counts and
lesion clearance. Active treatment also resulted in
significantly better global assessments of overall
improvement. Treatment was effective regardless
of the number of baseline lesions. Although
longer treatment duration correlated with greater

efficacy, treatment for 1, 2, or 4 weeks was effec-
tive. This new microsphere-based fluorouracil for-
mulation was generally well tolerated; adverse
events were primarily limited to facial irritation
that resolved quickly after treatment. This new
treatment provides a safe alternative to the topi-
cal fluorouracil formulations currently available
for the 1-, 2-, or 4-week treatment of AK.

Actinic keratoses (AKs) are precancerous
lesions, with as many as 5% evolving into
squamous cell carcinoma (SCC).1 Individuals

with significant sun damage may have many lesions
that are ill defined or in contiguous widespread
masses, making assessment of the disease challeng-
ing. In addition, clinical or histologic differentiation
between AK and SCC is sometimes impossible, fur-
ther complicating assessment of this important con-
dition.2 Moreover, many patients have a number of
subclinical lesions that are not visible on examina-
tion. Because of its status on the continuum to SCC,
AK should be treated rather than simply observed
for transition to invasive SCC.1

Topical fluorouracil is effective for the treatment
of AK.1,3-5 In contrast to “spot” treatments, such as
cryosurgery and curettage, “blanket” treatment with
topical fluorouracil may aid in the destruction of
subclinical areas of involvement. A topical prepara-
tion of 0.5% fluorouracil cream that incorporates a
microsphere (Microsponge®) vehicle has been
developed specifically for the treatment of AK
(Carac™). Microsphere-based topical formulations
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have been designed to trap active ingredients at the
skin surface, potentially enhancing drug availability
at the application site while limiting drug disper-
sion.6 The efficacy and safety of this novel formula-
tion were evaluated in this randomized,
double-blind, vehicle-controlled, parallel-group,
multicenter study.

Methods
Eligible patients were 18 years or older with at least
5 AKs (≥4 mm in diameter) on the face or frontal
scalp. Patients were excluded if they had a con-
founding skin condition (eg, basal cell carcinoma or
SCC), history of facial skin irritation, or treatment
for AK within the previous month. The study
included a screening visit and baseline clinical eval-
uation, treatment phase, and posttreatment follow-
up phase, with a final evaluation 4 weeks after
treatment completion or discontinuation. Patients
were randomized to 0.5% fluorouracil cream or
vehicle control once daily for 1, 2, or 4 weeks. Insti-
tutional review board approval and written
informed consent were obtained for each patient
before study entry.

Primary efficacy variables included AK lesion
reduction from baseline at the posttreatment 
follow-up evaluation and total clearance of AK
lesions at the posttreatment follow-up visit, as
determined by Physician Global Assessment of
Improvement ratings. This rating scale ranges from
�4 (much worse) to �5 (total clearance). Abso-
lute reductions from baseline in AK lesion counts

and proportional reductions (expressed as a per-
centage of baseline) were calculated. The safety
assessment, based on adverse events, included
details of facial irritation, namely, maximum sever-
ity, symptoms, onset and overall duration, post-
treatment duration, and summary by visit. Facial
irritation was graded as 0 (none), 1 (mild), 2 (mod-
erate), or 3 (severe). To ensure that all facial irrita-
tion was recorded, the last observed value for facial
irritation was carried forward if a patient discon-
tinued treatment for any reason. Efficacy and safety
contrasts among active treatment and placebo
groups were performed using pooled data from all
vehicle control groups. A P value less than 0.05
was considered statistically significant.

Results
Demographics—Of the 207 randomized patients,
47, 46, and 45 received 1, 2, and 4 weeks of active
treatment with 0.5% fluorouracil topical cream,
respectively, and 69 patients received vehicle con-
trol. The study was completed by 45 patients each
in the 1- and 2-week fluorouracil groups (96% and
98%, respectively), by 44 patients (98%) in the 
4-week fluorouracil group, and by all 69 patients in
the vehicle control group, for an overall comple-
tion rate of 98%. The mean number of lesions
across all groups ranged from 14.6 to 15.8. Most
patients were white (97%) and male (80%), and
most (86%) had skin type I or II. One hundred
eighteen patients (57%) had received prior therapy
for AK, most commonly cryosurgery (45%), and
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Figure 1. Mean percentage
reductions in actinic keratosis
lesions. Asterisk indicates
least squares mean (method
of predicting the difference
between observed and pre-
dicted response for a vari-
able that is a function of ≥1
independent variables); 
dagger, P�.001 vs vehicle;
double dagger, P�.001 vs
0.5% fluorouracil for 1 week;
section mark, P�.016 vs
0.5% fluorouracil for 2 weeks.
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9% had been treated with a topical fluorouracil
preparation (Efudex®).

Efficacy—At the final evaluation, treatment
with 0.5% fluorouracil topical cream was signifi-
cantly (P�.001) more effective than vehicle for all
primary efficacy comparisons. Absolute and per-
centage reductions from baseline in AK lesions
were significantly greater (P�.001) in the 1-week
(69.5%), 2-week (86.1%), and 4-week (91.7%) 
fluorouracil groups versus the vehicle control group
(21.6%)(Figure 1). Patients with few or many base-
line lesions had a similar number of lesions at the
end of the study, suggesting a relatively greater
improvement in patients with many baseline AK
lesions. The proportion of patients with total
lesion clearance also was significantly greater
(P�.001) in the active treatment groups
(14.9%–57.8%) compared with the vehicle control
group (0%)(Figure 2). The Physician Global
Assessment of Improvement scores significantly
improved (P�.001) in the 1-, 2-, and 4-week
active treatment groups compared with the vehicle
control group. 

Safety—The safety of 0.5% fluorouracil topical
cream was assessed based on adverse events in all
207 randomized patients. Approximately 50% of
patients (range, 45.8%–58.7%) in all treatment
groups entered the study with some degree of facial
irritation. The most commonly observed signs and
symptoms of facial irritation in each group at base-
line were dryness (36.2%) and erythema (42%).
Other signs and symptoms of facial irritation

included erosion, edema, pain, and burning.
Throughout the study, facial irritation was reported
by most patients in the 1-week fluorouracil (89%),
2-week fluorouracil (98%), 4-week fluorouracil
(96%), and vehicle (65%) study groups. Differ-
ences in the incidence of facial irritation among
each active treatment and vehicle control groups
were significant for all contrasts (P�.004 for 
1-week active treatment vs vehicle and P�.001 for
both 2- and 4-week active treatment vs vehicle).
The maximum facial irritation severity was mostly
mild or moderate for all active treatment groups
compared with the vehicle control group (P�.001).
The severity of facial irritation increased through-
out the treatment phase for the 1- and 2-week 
fluorouracil groups. However, in the 4-week fluo-
rouracil group, facial irritation severity appeared to
reach a plateau after the third week of therapy 
(Figure 3). Although most of these patients were
able to tolerate fluorouracil therapy, 5 patients dis-
continued treatment because of facial irritation.

The time course of facial irritation was pre-
dictable. Median onset of irritation was at day 4 in
all groups, and the median duration increased with
longer treatment duration (overall median durations
during the treatment and posttreatment periods
were 19 days in the 1-week treatment group; 
29 days in the 2-week treatment group; 41 days in
the 4-week treatment group; and 10 days in the
vehicle control group).

Resolution of facial irritation after treatment
completion or discontinuation followed a similar

New 0.5% Fluorouracil Formulation

*‡§

57.8

*†

37.0

*
14.9

1 wk 2 wk

Length of Treatment
With 5-FU 0.5%

4 wk Vehicle
Control

P
at

ie
n

ts
 W

it
h

 
To

ta
l C

le
ar

an
ce

, %

0

80

70

60

50

40

30

20

10

0

Figure 2. Percentage of
patients with total clearance
of actinic keratosis lesions.
Asterisk indicates P�.001 vs
vehicle; dagger, P�.014 vs
0.5% fluorouracil for 1 week;
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time course in all fluorouracil groups (median dura-
tions calculated during posttreatment periods were
18 days, 1-week treatment; 19 days, 2-week treat-
ment; and 21 days, 4-week treatment). By compari-
son, the median duration was 9 days in the vehicle
control group. Facial irritation severity decreased
rapidly during the first 2 weeks after the treatment
period to near baseline and continued to decline to
below baseline level (Figure 3). Little or no irrita-
tion was present in any treatment group by post-
treatment week 4; only 9% of all active treatment
groups and 4% of the vehicle control group had
facial irritation at the final evaluation.

A total of 24 patients discontinued study medica-
tion because of an adverse event; 12 patients were in
the 4-week fluorouracil group. Serious adverse events
occurred in only 5 patients, 3 of whom were receiving
active treatment; no events were related to treatment.

Comment
A new microsphere-based formulation of 0.5% flu-
orouracil topical cream applied once daily was sig-
nificantly more effective than vehicle for the 
1-, 2-, or 4-week treatment of AK. Once-daily

treatment with 0.5% fluorouracil cream signifi-
cantly reduced the number of AK lesions and
achieved total lesion clearance in a significantly
greater proportion of patients compared with vehicle
control. Although no patients in the vehicle group
experienced total clearance of AK lesions, these
patients experienced a 21.6% mean reduction of
AK lesions from baseline. Several reasons may
account for this finding, including spontaneous AK
remission7-9 or variability of investigator assess-
ment. For example, a large confluent lesion may
have been counted as several lesions during one
assessment and as one lesion during a subsequent
assessment. These results are similar to those of
vehicle in other studies.10,11

Although increased efficacy with longer treat-
ment was apparent from comparisons across treat-
ment groups, significant improvements were
evident with the shorter treatment (ie, 1-week 
regimen). Furthermore, treatment was effective in
patients with a number of baseline AK lesions; the
mean number of lesions at baseline in all patients
ranged from 14.6 to 15.8. Patients with widespread
AK may have benefited from the treatment of sub-
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Figure 3. Overall severity and time course of facial irritation during and after treatment periods. Severity based on
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clinical lesions. After treatment, redness and irrita-
tion were found in the areas where the lesions were
not visible, suggesting the activity of fluorouracil
in occult lesions.

The most frequent adverse event was mild to
moderate facial irritation and occurred in most
patients in both active treatment and vehicle con-
trol groups. However, at the end of the treatment
phase, the percentage of patients experiencing some
level of irritation was similar to that observed at
baseline (55.1%), and decreased to below baseline
levels as early as posttreatment week 1 (27.9%).
Resolution of facial irritation typically occurred 
18 to 21 days after treatment cessation in all groups
receiving active treatment. Although greater mean
overall irritation occurred in patients in the 2- and
4-week active treatment groups compared with the
1-week group, facial irritation severity reached a
plateau after approximately 3 weeks in the 4-week
active treatment group, and the severity of facial
irritation experienced by patients in the 2- and 
4-week treatment groups was similar. Of note, sys-
temic tolerance of 0.5% fluorouracil cream was
excellent in this trial, and only 5 patients reported
serious adverse events.

A recent study12 demonstrated that the amount of
fluorouracil excreted in the urine of patients treated
with this 0.5% formulation was one fortieth that of
patients treated with a currently available 5% fluo-
rouracil cream (2.737 µg vs 119.8 µg, respectively),
suggesting that systemic absorption of the 
0.5% cream was much lower than the expected dif-
ference of one tenth. Based on a conservative ratio
of systemically available fluorouracil excreted in
urine (1:10), these urinary excretion data suggest
that the systemic absorptions of 0.5% and 5% fluo-
rouracil cream are 0.55% and 2.4%, respectively.12

In addition, 86% to 92% of topically applied 
0.5% fluorouracil cream is retained in the skin
compared with only 55% of a currently available
5% fluorouracil cream, indicating targeted delivery
of fluorouracil to the skin.13

Conclusion
The efficacy of this new microsphere-based 0.5%
fluorouracil cream was clearly demonstrated in this
study when compared with vehicle control. Patients
can anticipate improvements in lesion counts,
clearance, and overall skin condition. Extending

treatment for up to 4 weeks appears to improve effi-
cacy without significantly increasing the intensity
of irritation. This new 0.5% fluorouracil topical
cream is a safe and effective alternative to tradi-
tional topical fluorouracil formulations for the 1-,
2-, or 4-week treatment of AK and offers a treat-
ment regimen tailored to patients’ needs.
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