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This systematic review compared the relative efficacy
of S-fluorouracil 0.5% in salicylic acid 10% (5-FU/SA),
ingenol mebutate (IMB) and imiquimod 2.5%/3.75%
(IMI) for actinic keratosis on the face, forehead or scalp.
Only 11 publications, relating to 7 randomised control-
led trials, met inclusion criteria and it was only possible
to compare the effect of all 3 treatments on complete
clinical clearance, and the effect of 5-FU/SA and IMB
on actinic keratosis recurrence rate. Despite a higher
vehicle response rate for 5-FU/SA, complete clinical
clearance was higher than IMB and IMI (55.4, 42.2, and
25.0-30.6/34.0-35.6%, respectively). 5-FU/SA was also
associated with lower actinic keratosis recurrence rate
than IMB at 12 months post-treatment (32.7 vs. 53.9%).
Although qualitative assessment suggested a numeri-
cal advantage of 5-FU/SA over IMB and IMI in terms
of complete clinical clearance and sustained clearance,
clinical data from longer term trials, with comparable
outcome measures, are required to corroborate these
findings. Key words: 5-fluorouracil; salicylic acid; imiqui-
mod; ingenol mebutate; sustained clearance; skin cancer.
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Actinic keratosis (AK) can be a biological marker of
an increased rate of non-melanoma skin cancer (1) and
reflects some morphological and histological features
of invasive squamous cell carcinoma (SCC) (2, 3). AK
could be considered a very early stage of cancer or
carcinoma in situ, since the majority of invasive SCCs
arise from AK (4). AK is confined to the epidermis,
whereas an invasive SCC extends more deeply into the
dermis. Thus, to limit the morbidity and mortality asso-
ciated with invasive SCC, treatment of AK is generally
recommended in clinical guidelines (4-8). Symptoms
of AK can include bleeding and pain (7). A number of
treatment options are available for the treatment of AK
including surgical procedures, cryotherapy, laser therapy,
and topical treatments such as diclofenac/hyaluronic
acid, 5-fluorouracil (5-FU), and imiquimod 5% (IMI,
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Aldara®), and the newer topical treatments such as 5-FU
0.5% in salicylic acid 10% (5-FU/SA, Actikerall®), IMI
2.5%/3.75% (Zyclara®) and ingenol mebutate (IMB,
Picato®). Each of the topical treatment options vary in
their dosing, efficacy and safety (7).

To date there have been no direct head-to-head com-
parisons of the newer topical treatments indicated for
AK: 5-FU/SA, IMB and IMI. Therefore, an indirect
comparison of the relative safety and efficacy of these
treatments could be extremely helpful in informing
prescribing decisions. The overall objective of this
project was therefore to compare the relative safety and
efficacy of 3 topical treatments for AK in a systematic
review of randomised controlled trials (RCTs) of 5-FU/
SA, IMI and IMB.

METHODOLOGY

Eligibility criteria

Inclusion/exclusion criteria. The inclusion criteria for the
systematic review conformed to the following PICOS descrip-
tion (9); namely, studies meeting the following criteria were
considered for inclusion:

» Patients: immunocompetent adults (> 18 years) diagnosed
with grade I (slightly palpable, more easily felt than seen)
or II (moderately thick hyperkeratotic, easily felt) AK (10)
on the face, forehead and scalp

* Intervention: 5-FU/SA

» Comparator: standard of care, placebo/vehicle, all concen-
trations of IMB, 2.5%/3.75% IMI cream

* Outcome(s): all outcomes of efficacy and safety were
considered

» Study type(s): RCTs, systematic reviews and meta-analyses
of clinical studies in patients with AK.

Studies investigating patients who received treatment on areas
other than the face, forehead and scalp, sequential treatment
or combination therapy, more than one previous treatment for
hyperkeratosis, or any other previous treatment were excluded.

Systematic literature search

RCTs, systematic reviews and meta-analyses in patients with
AK, published between January 2011 and January 2014, were
retrieved by conducting a systematic search of The Cochrane
Database of Systematic Reviews, Cochrane Central Register of
Controlled Trials, MEDLINE, EMBASE and BIOSIS (limited
to the previous 3 years) on 29" January 2014, using EBSCO
(11) to search the Cochrane databases and ProQuest (12) to
search all other databases. Additional trials were identified by
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reviewing the reference lists of published systematic reviews
and meta-analyses identified in the search. In addition, searches
of the US Food and Drug Administration (FDA) and European
Medicines Agency (EMA) websites, and conference websites
for the British Association of Dermatologists, American Aca-
demy of Dermatology, European Society for Dermatological
Research and British Society for Medical Dermatology, were
conducted on 7" February 2014 to identify abstracts published
in the last two years.

A comprehensive search string was developed, including
both indexed and free terms for actinic keratosis and all pro-
prietary and generic names of the drug therapies of interest,
as well as specific filters for retrieving RCTs, meta-analyses
and systematic reviews.

English language restrictions were not applied to the search;
where an English language abstract was available, the abstract
was screened. Reference Manager Software (version 11.0) was
used to store and organise the retrieved studies.

Study selection, data extraction and critical appraisal

Publications that did not exhibit one or more of the inclusion
criteria were excluded from the review. Studies for which
there was insufficient information for exclusion remained in
the review until it was confirmed that they did not meet the
inclusion criteria (positive exclusion).

A first-pass checklist was applied to the titles and abstracts
(if available) of all publications identified by the search. A
second-pass checklist was then applied to the full-text publi-
cations meeting the inclusion criteria.

The studies eligible for data extraction underwent critical
appraisal to assess whether they represented robust sources of
information for subsequent statistical or qualitative analyses.
Since the review followed Cochrane methodology, quality
assessment was conducted using the Cochrane Collaboration
‘Risk of bias’ assessment tool (13). Furthermore, the results
of the quality assessments conducted in the current study were
compared and validated against those for trials included in the
Cochrane review of interventions for AK (7).

The screening, data extraction and critical appraisal were
conducted by two reviewers working independently. Any dis-
agreements or inconsistencies were resolved through discussion
until consensus was reached.

RESULTS

Literature searches

The Preferred Reporting Items for Systematic Reviews
and Meta Analyses (PRISMA) (14) diagram (Fig. S1')
shows the total number of papers identified during the
literature search, and details the exclusion of papers
at each stage of the screening process. A total of 481
articles were identified, 437 of which were unique.
Relevant data were only available in 11 publications,
which related to 7 RCTs reporting data on the head
region (10), details of which are grouped by active
treatment in Table SI' (15-25). Where the same data
were presented in more than one publication for a given
study, data were extracted from the full publication;
only additional data not presented in the full publica-
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tion were extracted from associated abstracts, posters
and presentations.

One publication was excluded as it was a duplicate
of a study already identified (7). Another was excluded
as the majority of data it presented were duplicated in
another study and any unique data that were presented
could not be compared with the data presented in other
included studies owing to differences in outcome defi-
nitions (26). A further 6 reports were excluded as they
were superseded by publications that contained more
detailed reporting of the data (27-32).

Quality assessment

Studies from which data were extracted were assessed
for robustness as sources of information using the Co-
chrane Collaboration ‘risk of bias’ assessment tool (13).
All RCTs were double-blind. Overall, risk of bias in
the included studies was mostly low or unclear. Quality
assessment of studies for which data were extracted
indicated 3 studies that represented high-quality or
robust sources of information (17, 18, 21, 22), as they
were deemed to be of high quality by the majority
of quality assessment criteria. However, at least one
‘unclear’ rating was awarded for each of these studies,
which could indicate that the level of reporting was
not sufficient to determine an accurate assessment of
robustness. Three studies, one IMB and two IMI, were
assessed as displaying a ‘high risk of bias’ according to
the risk of bias assessment tool (19, 20, 23). A single
study was deemed to have mostly ‘unclear’ ratings,
which prevented useful interpretation of the data (15).
However, since so few studies meeting the inclusion
criteria were identified, none was excluded from the
review on the grounds of poor study quality.

Characteristics of the included studies

Study populations. Details of reported patient baseline
characteristics from the 11 included studies are grou-
ped by active treatment and presented in Table SII!
(15-25). The age range of the patients was similar for
studies investigating IMB and IMI (63-70 years), but
slightly higher for the 5-FU/SA study (> 70 years). In
all studies that reported ethnicity, most patients were
White or Caucasian and there was a similar ratio of
male:female patients with a higher proportion of males
(> 70%). Fitzpatrick skin type was similar for patients
receiving all treatments, with approximately 50-63%
of patients being type I or II and 37-50% of patients
being type I1I or IV. However, the inclusion criteria for
the 5-FU/SA studies specified skin type I-1V (Table
ST") (17, 22) and all patients had skin types I-IV in the
IMB studies (15, 16, 18, 21, 23-25), whereas 2—4%
of patients included in the IMI studies had Fitzpatrick
skin type V (19, 20). Furthermore, the 5-FU/SA study
was the only one to specify that AK should be histo-
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logically confirmed and clinically classified as grade
I (mild intensity) or II (moderate intensity) according
to Olsen et al. (10) (Table SI') (15-25).

Whilst the eligibility criteria for this systematic
review specified AK on the face, forehead and scalp,
the included studies separated patients into different
categories. Studies of 5-FU/SA separated patients with
AK on the face or forehead, on the scalp, or on the scalp
and face, whereas the IMB and IMI studies separated
patients with AK on the face or on the scalp.

Patients with hypertrophic or hyperkeratotic lesions
were excluded from the IMB studies reported by Leb-
wohl et al. (18, 25) and Berman et al. (24), and patients
with markedly hyperkeratotic lesions were excluded
from the IMB study reported by Siller et al. (21). In
the IMI studies, patients with visible or palpable AKs
were included and patients with atypical lesions (e.g.,
> 1 cm?) were excluded (19, 20). The 5-FU/SA study
was the only one identified that specifically included
patients with hyperkeratotic AK lesions (17, 22).

Treatments. Of the 11 reports, 2 studied 5-FU/SA, 7
studied IMB and 2 studied IMI. However, a variety of
drug concentrations and treatment regimens were used.
5-FU/SA is a combination of 0.5% 5-FU with 10% SA,
and this was used in the RCT and follow-up study. IMB
and IMI were used at a range of concentrations (IMB:
0.0025,0.005,0.01, 0.015 or 0.05%; IMI: 2.5 or 3.75%).
Whilst all treatments were applied once daily, 5-FU/SA
was applied for a maximum of 12 weeks, IMB for 2 or
3 days and IMI for two 2-week cycles separated by a
2-week no-treatment interval or for two 3-week cycles
separated by a 3-week no-treatment interval. The licen-
sed dose for IMB is 0.015% once daily for 3 days and for
IMI is 2.5% or 3.75% once daily for two 2-week cycles
separated by a 2-week no-treatment interval (33, 34).

There were also differences in the excipients of the
vehicles between treatments (35-38). The 5-FU/SA
vehicle included dimethyl sulfoxide (DMSO), ethanol,
ethyl acetate, pyroxyline, polybutylmethacrylate or
methylmethacrylate, all of which were absent in the
vehicles for IMB and IMI. IMB and IMI vehicles both
contained benzyl alcohol and purified water, but all other
excipients differed between the two treatments (35-37).

Of the 11 reports, 9 studying 5-FU/SA or IMB res-
tricted the treatment area to 25 cm? or less (15, 17, 18,
24), whereas in the two reports investigating IMI the
treatment area was greater than 25 cm? (19, 20, 26),
as specified in the summary of product characteristics
(35-37).

Outcome parameters

The majority of studies reported ‘complete clearance’
of AK lesions as a primary outcome or, more specifi-
cally, complete clinical clearance (18-20, 23-26), com-
plete histological clearance (22) or sustained clinical

clearance (for follow-up studies) (16, 17). The 5-FU/SA
study was the only one to report complete histological
clearance as a primary outcome (22).

There were some differences between definitions of
the outcomes reported between the studies. However,
the following outcomes were identified that could be
compared with those reported for other studies.

Complete clinical clearance

Five papers reported data relating to the number of
patients with complete clinical clearance of AK lesions
at the end of the study period (18-20, 22, 23). These 5
studies included data for 5-FU/SA, IMB and IMI. How-
ever, Spencer (23) (investigating IMB) only presented
p-values for the comparison between different treatment
arms rather than patient numbers. There was some
variation in trial duration and treatment regimen. Data
were reported for 5-FU/SA at 8 weeks post-treatment,
whereas for IMB data were reported at 8—12 weeks
post-treatment and for IMI at 8 weeks post-treatment.
Differences in the duration of the follow-up period were
due to variation in the typical time taken for resolution
of skin reactions between the 3 products.

Sustained clinical clearance

The two follow-up studies investigating 5-FU/SA and
IMB reported sustained clinical clearance of AK that
was cleared in the original study and remained clear
after a further 12 months (16, 17). However, Lebwohl
et al. (16) reported the number of patients who achie-
ved sustained clearance of the entire treatment area,
whereas Stockfleth et al. (17) reported the total number
of sustained cleared lesions in all patients.

Comparison of complete clinical clearance

Complete clinical clearance was statistically signifi-
cantly superior for 5-FU/SA, IMB and IMI compared
to their respective vehicle controls (18-20, 22).

It was not possible to perform statistical indirect
comparisons of the data for complete clinical clearance
between treatments due to differences in study design,
population, treatment duration and vehicle composition.
However, a qualitative comparison was conducted,
which showed that, despite a higher vehicle response
rate for 5-FU/SA (15.1% for 5-FU/SA vs. 3.8% for IMB
and 5.5-6.3% for IMI), the complete clinical clearance
was greater for 5-FU/SA (55.4% vs. 15.1% for vehicle)
than for IMI (25.0-35.6% vs. 5.5-6.3% for vehicle) or
IMB (42.2% vs. 3.7% for vehicle), although the dif-
ference was smaller (Table STIT') (18-20, 22).

Comparison of sustained clinical clearance

Data for sustained clinical clearance were only col-
lected in the 5-FU/SA and IMB studies. However, the
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data were reported differently in each of the long-term
follow-up studies (Table SIV') (16, 17). However, in-
spection of a further report for the IMB study included
in this systematic review (18) referred to a conference
abstract in October 2011 (39) which reported the num-
ber of patients for whom one or more lesions developed
or recurred in the treatment area 12 months after the
end of study (Table SV') (39). Unpublished data from
a clinical trial of 5-FU/SA were scrutinised and com-
parable data were found (Almirall. Data on file. 2014).
The recurrence rate reported for patients 12 months
after end of study for 5-FU/SA was 32.7%, whilst the
recurrence rate for IMB was 53.9% (Table SV!).

DISCUSSION AND CONCLUSIONS

This systematic review identified 11 articles reporting
7 RCTs investigating the use of 5-FU/SA, IMB and IMI
in the treatment of AK on the face, forehead and scalp
(Table ST") (10, 15-25). Three key studies (18, 20, 22)
(one of which was a pooled analysis) were identified
that utilised the licensed dose for each treatment.

Despite the small number of included studies and
other limitations, qualitative comparisons were made
between all 3 treatments for complete clinical clearance
and for recurrence of lesions after completion of treat-
ment. Overall, 5-FU/SA and IMB appear to result in a
more favourable complete clinical clearance rate than
IMI, although the effect on complete clinical clearance
was slightly greater for 5-FU/SA compared to IMB. The
5-FU/SA study included patients with hyperkeratotic
lesions who were not included in either the IMB or
IMI studies. Hyperkeratotic AK are more severe, with a
potentially higher rate of malignant transformation (40,
41). The higher rate of complete clinical clearance seen
in patients treated with 5-FU/SA than in those treated
with IMB is therefore pertinent given the inclusion of
higher-risk patients in the study population. A compa-
rison of the data for 5-FU/SA and IMB suggests that
5-FU/SA is associated with a lower AK recurrence rate
at 12 months than IMB (32.7% vs. 53.9%) and may
therefore have a greater long-term clinical benefit.

The quality assessment identified the IMI studies
as displaying ‘a high risk of bias’ according to the
Cochrane Collaboration risk of bias assessment tool;
however, due to the lack of available studies meeting
the inclusion criteria, data were nevertheless extracted
from these reports and included in the analysis. A major
limitation of this review was the lack of studies meeting
the inclusion criteria; however, this is a reflection of
the paucity of data available on topical AK treatments.
There were differences in baseline characteristics
between the studies, and trial duration and follow-up
varied. Moreover, there was also a wide range of out-
comes measured in the different trials.
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For example, the 5-FU/SA study was the only one to
report the number of patients with complete histologi-
cal clearance as a primary outcome (22). In this study,
5-FU/SA was superior to vehicle and diclofenac treat-
ments (p<0.0001 and p<0.01, respectively). A study
of IMB also reported data for complete histological
clearance as a secondary outcome (21) but there was no
statistically significant difference in complete histolo-
gical clearance rate between the treatment groups. This
was not a primary or secondary outcome in the pivotal
studies of IMB or IMI (18-20, 24, 25). In the 5-FU/SA
study, one lesion was biopsied pre-treatment and a se-
cond clinically identical, predefined lesion was biopsied
post-treatment. In contrast, in the IMB study, the same
AK lesion was biopsied pre- and post-treatment, which
may have affected the observed histological clearance
rate (21). Data for IMB were obtained from studies
that used an unlicensed dose. For the reasons detailed
above, clinically meaningful comparisons cannot be
made between these data.

A number of definitions were utilised for outcomes
relating to partial AK lesion clearance including median
percentage change or reduction in AK lesion count, re-
duction in mean number of lesions per patient, mean re-
duction in lesion area, and number of patients achieving
>75% or >80% clearance. This presented difficulties
when attempting to compare outcomes between studies.
Accordingly, since it was unclear whether differences
were calculated based on the total lesion count for the
population of patients, or on a per patient lesion count,
this outcome was not analysed.

Treatment regimens and study duration also varied,
with adverse events (AEs) reported at different time
points in each study. Furthermore, there were no data
for the vehicle arm for this outcome in the 5-FU/SA
study (22). Two studies investigating 5-FU/SA and
IMB reported the number of patients experiencing
treatment-emergent AEs (18, 22). However, differences
in treatment regimens, study durations, vehicle exci-
pients and incidence thresholds complicate comparisons
between treatments. It is unclear whether the 5-FU/SA
study reported the number of patients experiencing a
treatment-emergent AE, or the number of events. Five
reports investigating IMB reported data on application-
site reactions (ASRs) but these were not classified as
treatment-related (18, 21, 23-25). In the IMB studies,
local skin responses (LSRs) were measured using a
separate, active assessment and were not recorded as
application-site AEs. Thus, whilst treatment-emergent
application-site AEs were reported, these did not in-
clude LSRs, which diluted the overall incidence rate
of application-site AEs (42). ASR and LSR data were
not comparable due to the varied ways in which they
were reported. Differences in vehicle composition
precluded comparisons of AE data, including ASRs,
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for the different interventions. The differences between
the excipients in each of the vehicles for the different
studies could negate clinically meaningful comparisons;
for example excipients such as DMSO and ethanol in
the vehicle for 5-FU/SA may cause skin reactions that
prevent meaningful comparisons from being drawn
(43). These uncertainties and complications made
analysis of AE-related outcomes impossible with the
available published data.

Importantly, the data in the IMB study were non-
comparative since only patients who achieved complete
clinical clearance when treated with IMB in the initial
randomised studies were enrolled in the follow-up stu-
dy. It was therefore not possible to assess the long-term
effect of vehicle on recurrence rates. Patients who did
not achieve complete clearance and were excluded from
the follow-up study may be considered at a higher risk
of progression to cancer. Since AK is a chronic disease
and there is a risk of progression to invasive SCC (2, 3),
it is important that therapies are as effective as possible
in order to reduce this risk and this should be addres-
sed in long-term studies of potential treatment options.

There are limited published data comparing topical
treatments for AK, and no comparisons involving all of
the treatments included in this systematic review. Our
search identified 6 systematic reviews that presented
data for 5-FU/SA, IMB or IMI (7, 44-48), of which
just two included data for all of the treatments but
neither drew any comparisons between them (46, 47).
The systematic review reported by Ghuznavi et al. (47)
did not seek to make any indirect comparisons but me-
rely summarised the available data for the current and
emerging treatments for AK. In addition, the systematic
review by Nashan et al. (46) concluded that there is no
best practice to treat AK but did show that combined
therapies and newer options resulted in incremental
progress in AK treatment. They reported that, despite
limited evidence, it is to be expected that 5-FU/SA of-
fers comparable therapeutic efficacy to 5%-FU but with
the benefit of fewer AEs. They also reported that the
limited evidence suggested that IMI 2.5% resulted in
a lower complete clearance rate than IMI 5% but there
was too little evidence to draw this conclusion for the
5% and 3.75% formulations. No comparisons were
made between IMB and other treatments. Moreover,
Nashan et al. highlighted several limitations of studies
conducted in AK and underlined the problems associa-
ted with comparing clinical outcomes, including the
incomparable nature of histological and clinical results,
observer variations between dermatologists, short-term
results leading to an overestimation of treatment benefit,
and clinical variability of AKs and different locations
of AKs leading to different response rates (46).

Further to these systematic reviews, Gupta and col-
leagues have published a comprehensive Cochrane sys-
tematic review (7) and subsequent meta-analysis (44) of

interventions for AK. It is of note that these publications
did not include 5-FU/SA or IMI 2.5%/3.75%; however,
the authors did rank the two other 5-FU formulations
(5-FU 5.0% and 5-FU 0.5%) first in terms of complete
clearance, ahead of IMI 5%, IMB, 5-aminolaevulinic
acid, cryotherapy, 3% diclofenac in 2.5% hyaluronic
acid, methyl aminolaevulinate and photodynamic th-
erapy. The authors warned that their ranking should
be interpreted with caution due to the possibility that
the result was influenced by factors such as baseline
severity and bias, which were difficult to assess due
to the variability in definitions and parameters used to
describe AK severity.

Gupta et al. (7) did note, however, that poorer effi-
cacy was not systematically associated with increased
severity at baseline, while increased efficacy was not
associated with milder disease at baseline. This is a
pertinent outcome given our finding that 5-FU/SA was
associated with the highest rate of complete clearance
despite having patients with greater disease severity at
baseline, which suggests that treatment efficacy in AK
may be independent of disease severity.

It is important to mention here that the Cochrane re-
view and meta-analysis faced similar limitations to our
systematic review, namely a lack of similar outcomes,
variability in the reporting of outcomes, differences in
outcome definitions and variable follow-up assessment
timings. With regard to bias, the authors of the meta-
analysis noted that the higher ranking therapies in terms
of complete clearance typically carried increased risk of
bias, with the exception of cryotherapy, and suggested
this as a reason to approach their ranking with caution;
however, they did affirm that this ranking was generally
consistent with the conclusions of the pairwise analyses
of the Cochrane review (7).

Further studies utilising comparable outcomes valida-
ted by clinical experts are required in patients with AK
to understand which of these treatments may be most
likely to be associated with complete and sustained
clearance of lesions. Such studies will help corroborate
findings from the trials identified in this systematic
review. There is also a need for a more standardised
approach to conducting clinical trials in AK to facilitate
indirect comparisons, for example, definitions of stan-
dard outcome measures, patient baseline characteristics
and treatment duration could be facilitated by FDA or
EMA guidance on conducting clinical trials for novel
AK treatments; however, to date such guidance does not
exist. To gain a deeper understanding of the differences
between treatment options and to inform therapeutic
guidelines, there is a need for clinical trials that directly
compare topical treatments for AK. Furthermore, more
clinical data in general for topical treatments of AK,
including longer-term trials, greater than one year, are
required to address the lack of data identified in this
systematic review.
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