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Abstract
Background: Care for actinic keratosis (AK) can be improved with more knowledge on 
the relative of effect of indicated therapies.
Objectives: Using network meta-analyses, we quantitatively determined the compar-
ative “short-term” effects of interventions in adults with facial and scalp AK.
Methods: On February 28, 2023, evidence from the peer-reviewed literature was sys-
tematically obtained from OVID, the Cochrane Central Register of Controlled Trials 
and Clini​calTr​ials.​gov. We analyzed data from studies published in English, of a trial 
design, and investigating the effect of an actinic keratosis monotherapy. Patient com-
plete clearance, patient partial clearance or lesion-specific clearance across adults 
were analyzed at 8–12 weeks after therapy. Patient complete clearance pertained 
to proportion of participants who experienced complete clearance of actinic kera-
tosis lesions; patient partial clearance corresponded to percentage of subjects who 
achieved at least 75% clearance of actinic keratosis lesions; lesion-specific clearance 
represented the percentage of all lesions that were cleared. In the main (i.e., base) 
analyses, nodes were analyzed only at the level of the agent.
Results: Data from a total of 84 studies were used—across which 22 active agents 
were identified. Estimates of interventions' surface under the cumulative ranking 
curve rankings and (pairwise) relative effects were estimated. Across the three out-
comes, fluorouracil 5% was ranked the most effective.
Conclusions: Our work is the first to provide information on covariate-adjusted rela-
tive effects of actinic keratosis therapies— including the more recently reported treat-
ments—for the face and scalp; this knowledge may help physicians and patients make 
more informed decisions.
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1  |  INTRODUC TION

Actinic keratosis (AK), the third most common reason to visit a der-
matologist,1 is majorly caused by chronic exposure to ultraviolet 
radiation1,2; it is a concerning condition as it can—if untreated (or in-
completely treated)—advance to skin cancer (i.e., cutaneous squamous 
cell carcinoma).3,4 This condition's prevalence varies geographically; 
for instance, in Europe and the United States, the reported prevalence 
rates vary between 1.4%–37.5% and 17.3%–29.3%, respectively.5–8

AK interventions can be broadly categorized into lesion-targeted 
therapies or field-targeted therapies.9 To address evidence gaps 
which, in turn, can aid in providing optimal care, we compared the 
short-term effects of therapies for facial and scalp AK in adults; a 
secondary aim of the current study was to determine the relative 
short-term safety of AK interventions.

2  |  MATERIAL S AND METHODS

We performed a systematic review with network meta-analyses 
(NMAs)—and the reporting thereof was in accordance with the 
“Preferred Reporting Items for Systematic Reviews and Meta-
analyses” guideline for NMAs10; in addition, our work was also guided 
by recommendations from the literature.11–13 The protocol for this 
study was published in the “international platform of registered sys-
tematic review and meta-analysis protocols”(INPLASY) (Appendix S1). 
All analyses were conducted in RStudio (version 2022.02.3+492).14 We 
also reviewed clinical guidelines to inform the conduct of our work, 
and Wessely et al.'s critical appraisal of existing guidelines for AK care 
made the German Association of Scientific Medical Societies S3 guide-
lines our choice of reference for clinical guidelines.12,15

2.1  |  Search process

Quantitative evidence was extracted from eligible studies after system-
atically searching the peer-reviewed literature through electronic da-
tabases (i.e., OVID and Cochrane Central Register of Controlled Trials) 
and a trial registry (Clini​calTr​ials.​gov), on February 28, 2023. Evidence 
was also identified through reference mining. Deduplication was per-
formed using the “Systematic Review Accelerator Deduplicatpor.”16 
The screening of full-text, titles, and abstracts was managed by Rayyan 
software.17 The screenings and data extraction were each indepen-
dently conducted by two authors (SPR and SH-N)—and disagreements 
were resolved through discussion with a third author (AKG). Collated 
data included information pertaining to authorship, therapeutic regi-
men, and patients' demographic information (e.g., age and sex).

2.1.1  |  Identification of eligible studies

In light of the patient-intervention/comparator-outcome frame-
work,18 an identified study's data was eligible for analyses if it was: 

(i) of a trial design (randomized or non-randomized), (ii) published in 
English, and (iii) investigated the impact of an AK monotherapy in 
terms of three outcomes (we selected outcomes quantified within 
8–12 weeks posttreatment), namely, “patient complete clearance,” 
“patient partial clearance,” and “lesion-specific clearance.” With the 
exception of “methyl aminolevulinate-mediated photodynamic ther-
apy (PDT-MAL) with laser,” “diclofenac and hyaluronic acid (DHA) 
gel,” and “fluorouracil 0.5% with salicylic acid 10%,” studies that in-
vestigated combination therapy were excluded; we made these three 
exceptions to our eligibility criteria a priori (i.e., before the start of 
the systematic search) as we deemed them clinically relevant.

2.1.2  |  Definition of outcome variables

Primary outcomes
In our study, “patient complete clearance” corresponded to propor-
tion of patients who achieved complete clearance of AK lesions 
within 8–12 week post-therapy; likewise, “patient partial clearance” 
represented the percentage of subjects whose AK lesions were 
cleared by at least 75% within 8–12 weeks after treatment; “lesion-
specific clearance” referred the percentage of AK lesions across all 
patients (i.e., percentage of total lesion count at baseline) that was 
cleared within 8–12 weeks posttreatment.

For each primary outcome, we conducted network-wide evaluation 
of evidence quality using the “Confidence in Network Meta-Analysis” 
(CINeMA) tool: risk of bias across nodes was summarized as “average 
risk of bias”; reporting bias was set to low throughout; the cut-off for a 
clinically important effect size was a value greater than 1.00.19

Secondary outcomes
After eligible studies were identified, we reviewed them to obtain 
any data pertaining to discontinuation of an AK therapy (due to any 
adverse event) within 8–12 weeks after treatment.

2.2  |  Quantitative analyses

Our analyses amalgamated randomized and non-randomized (i.e., 
observational) evidence through naïve pooling—an approach the lit-
erature supports.20 For each of our primary outcomes, we produced 
a network plot, the visual depiction of interventions that have been 
compared in head-to-head trials. We checked statistical consist-
ency for the main analyses using node-splitting analyses—where 
non-significant (p ≥ 0.05) estimates indicated that no inconsistency 
has been detected. We conducted a main (i.e., “base”) analysis and a 
sensitivity analysis for each primary outcome. Wherever possible, the 
intention-to-treat principle was applied. In all analyses, significance 
level (i.e., alpha) was set to 5%. For our primary outcomes, the surface 
under the cumulative ranking curve (SUCRA) values estimated from 
main and sensitivity analyses were presented in “kilim plots.”21

Node-splitting analyses is a quantitative technique whose re-
sults are used to determine whether direct and indirect evidence 
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are statistically consistent. An agents SUCRA value is a ranking 
metric that quantifies its relative “impact”—be it in terms of “ef-
fectiveness” or “safety”; the value of SUCRA is between 0 (or 0%) 
and 1 (or 100%).

2.2.1  |  Geometry of our networks

Nodes were analyzed at the “agent-level” in our main analyses: so, 
interventions with same agent (e.g., imiquimod 5%) but different 
regimens (e.g., two times per week for 16 weeks vs. three times per 
week for 4 weeks) were collapsed into a single node.22,23

2.2.2  |  Network meta-analyses

For our four outcomes, a Bayesian NMA, with uniform priors, was 
conducted. Fixed-effects estimates were chosen because their 
model fit—as per deviance information criterion values—were bet-
ter than those of the random-effects model. Given that proportions 
were compared for all outcomes, the binomial likelihood (logit link) 
was used. The NMAs were conducted with the multinma (Phillippo, 
2022) R package which uses the “Stan” programming language; each 
NMA estimated relative effects for every possible pairwise com-
parison; relative effects were reported as mean difference of the 
log odds—along with their corresponding 95% credible interval (CI). 
Agents' SUCRA values were also estimated. If the mean difference 
and lower bound of the confidence interval is a positive value, the 
difference between the two interventions is statistically significant.

2.2.3  |  Sensitivity analyses

We examined whether results of our main analyses would starkly 
differ if regimen variation (i.e., the different dosages) was accounted 
for. Hence, for our sensitivity analyses, we extended the main 
analyses by conducting a covariate-adjusted NMA (i.e., a network 
meta-regression); covariates were the following three exploratory 
variables: frequency of treatment, duration of treatment and the 
range of AKs evaluated in the study (which was somewhat “proxy” 
variable for number of AK lesions at baseline).

3  |  RESULTS

3.1  |  Eligible studies

The schematic in Figure  1 summarizes the search process for the 
identification of 243 studies during screening and reference mining, 
of which data from 84 studies were used across all analyses; study 
characteristics are detailed Table S1. A bibliography of the 84 stud-
ies is provided in Appendix S2. The main NMA for patient complete 
clearance, patient partial clearance and lesion-specific clearance 

used data from 58, 30 and 52 of the 84 trials (Table  S1). Most of 
the studies were randomized—and of a whole-head design (Table S1). 
Network-wide evaluation of evidence quality, for our primary out-
comes, have been provided in Tables  S2–S4. For all our primary 
outcomes, results from node-splitting analyses showed that there 
were no major disagreements between direct and indirect evidence 
(Appendix S3).

3.2  |  Relative effect of therapies

3.2.1  |  Network

Across the 84 eligible studies, the following 22 unique agents 
were identified: (i) hexyl aminolevulinate-mediated photodynamic 
therapy (PDT-HAL), (ii) PDT-MAL with daylight / artificial daylight/
artificial white light (i.e., we grouped daylight, artificial daylight, 
and artificial white light together), (iii) PDT-MAL with blue light, (iv) 
PDT-MAL with red light, (v) PDT-MAL with laser, (vi) aminolevulinic 
acid-mediated photodynamic therapy (PDT-ALA) with blue light, (vii) 
PDT-ALA with red light, (viii) PDT-ALA with 10% ALA-gel (10% ALA-
gel is a nanoemulsion with hydrogen chloride gel), (ix) fluorouracil 
5%, (x) imiquimod 5%, (xi) imiquimod 3.75%, (xii) imiquimod 2.5%, 
(xiii) resiquimod, (xiv) ingenol disoxate gel, (xv) cryotherapy (which 
is also sometimes referred to as cryosurgery), (xvi) tirbanibulin oint-
ment, (xvii) carbon dioxide laser ablation, (xviii) ingenol mebutate, 
(xix) fluorouracil 0.5%, (xx) DHA gel, (xxi) trichloroacetic acid, and 
(xxii) fluorouracil 0.5% combined with salicylic acid 10%. In the 
networks for patient partial clearance, patient complete clearance 
and lesion-specific clearance, the effects of 16, 19, and 19 unique 
agents were compared. The kilim plot in Figure 2 presents these in-
terventions' SUCRA values from both main and sensitivity analyses. 
Furthermore, after examining distribution of variables as per study 
characteristics, we deemed our networks to be transitive.

3.2.2  |  Relative efficacy of AK therapies

The network graph for patient complete clearance is presented in 
Figure 3; the league table in Figure 4 presents the pairwise relative 
effects, in terms of complete clearance, across a subset of the agents 
identified. Network plots for the other two outcomes are presented 
in Figures  S1 and S2. Relative effects for pairwise comparisons 
across all agents—from both main and sensitivity analyses of the pri-
mary outcomes—are also presented in the Tables S5–S10.

Across all primary outcomes, fluorouracil 5% was ranked the 
most effective across main analyses—while placebo/vehicle was 
ranked the least effective (Figure  2). All active agents, across the 
respective primary outcomes were significantly (p < 0.05) more ef-
fective than placebo/vehicle (Figure 4; Tables S5, S7, and S9).

Resiquimod was significantly (p < 0.05) more effective than 
imiquimod 2.5% (mean difference in log odds = 1.4, 95% CI: 0.78–
2.00) and imiquimod 3.75% (mean difference in log odds 1.1, 95% 
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CI: 0.50–1.72) in terms of patient complete clearance; however, the 
effect of resiquimod, for this primary outcome, did not significantly 
(p ≥ 0.05) differ from that of the imiquimod 5% (Table S5). These find-
ings for the three concentrations of imiquimod and resiquimod were 
similar for patient partial clearance (Table  S7). For lesion-specific 
clearance, there was no outcome data for resiquimod (Table S9).

For patient complete clearance and patient partial clearance, 
imiquimod 5% was significantly (p < 0.05) more effective than the 
3.75% concentration (mean difference in log odds = 1.1, 95% CI: 
0.5–1.6)—whose effect, in turn, was superior (p < 0.05) to the 2.5% 
concentration (mean difference in log odds = 0.3, 95% CI: 0.02–0.5) 
(Tables S5 and S7).

Fluorouracil 5% was significantly (p < 0.05) more effective than 
cryotherapy in terms of patient complete clearance (mean difference 
of log odds = 1.9, 95% CI: 0.7–3.4), patient partial clearance (mean 
difference of log odds = 0.8, 95% CI: 0.2–1.5), and lesion-specific 
clearance (mean difference of log odds = 3.1, 95% CI: 2.7–3.5) 
(Figure 4; Tables S5, S7, and S9).

Among the identified agents, DHA gel was the least effective—in 
terms of patient complete clearance and lesion-specific clearance: in 
other words, all the other comparators were significantly (p < 0.05) 
more effective than DHA gel. Outcome data for patient partial clear-
ance insofar as DHA gel was absent (Tables S5 and S9).

For patient complete clearance, the effects of PDT-ALA with 
blue or red light were not significantly different (p ≥ 0.05) (Table S5). 
However, for lesion-specific clearance, PDT-ALA with red light was 
more effective than with blue light (mean difference of log odds = 0.7, 
95% CI: 0.5–0.9) (Table S9).

The SUCRA values and estimates of relative effects from our 
sensitivity analysis highly corroborated those of main analyses 
(Tables S6, S8 and S10).

3.3  |  Relative safety of AK therapies

For all-cause discontinuation rate within 8–12 weeks post-therapy, 
outcome data was available for all 22 unique agents. The SUCRA 
rankings thereof are presented in increasing order of safety in 
Appendix  S4; lower SUCRA values corresponds to lower rates of 
discontinuation. All pairwise comparisons for relative safety are pre-
sented in Table S11. Patients treated with the ingenol disoxate gel 
were the least likely to discontinue from treatment, and is statisti-
cally different from that of placebo/vehicle (Table S11); this differ-
ence could be explained by patients assigned to the placebo/vehicle 
arm experiencing inadequate treatment response or disease relapse 
that led to study withdraw.

F I G U R E  1  Schematic for the identification of studies whose data were used for analyses.
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4  |  DISCUSSION

Using the network meta-analytic technique, we attempted to 
address some of the current knowledge gaps in the AK literature 

by providing statistical evidence for therapeutic agents whose 
effects have not been empirically investigated. We conducted an 
NMA study to determine the relative impact of AK therapies. The 
outcome measures for which we conducted quantitative evidence 

F I G U R E  2  Agents' surface under the cumulative ranking curve (SUCRA) values from main (i.e., base) and sensitivity analyses. All agents 
are listed in the decreasing order of SUCRA values from main (i.e., base) analysis for patient complete clearance (i.e., arranged based on the 
probability of achieving 100% clearance of AK lesions with 8–12 weeks of therapy). In base analyses, nodes were analyzed at the level of 
the agent; however, the sensitivity analyses extended the main analyses by adjusting for covariates (i.e., frequency and duration of therapy, 
number of AK lesions at baseline). PDT-ALA, aminolevulinic acid-mediated photodynamic therapy; DHA, diclofenac and hyaluronic acid; 
PDT-HAL, hexyl aminolevulinate-mediated photodynamic therapy; PDT-MAL, methyl aminolevulinate-mediated photodynamic therapy.

F I G U R E  3  Network plot for patient 
complete clearance. Direct comparisons 
between interventions for the treatment 
of AK is depicted within a network plot; 
each node represents an intervention of 
interest, and an edge is represented by 
a line between nodes that corresponds 
to head-to-head comparisons (i.e., 
direct evidence) from included studies. 
PDT-ALA, aminolevulinic acid-
mediated photodynamic therapy; DHA, 
diclofenac and hyaluronic acid; PDT-
HAL, hexyl aminolevulinate-mediated 
photodynamic therapy; PDT-MAL, methyl 
aminolevulinate-mediated photodynamic 
therapy.
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syntheses are—as the German S3 guideline states—“critical 
effectiveness endpoints.”12 Furthermore, two of our three primary 
outcomes were congruous with two of the six core outcomes that 
Reynolds et al.—after a Delphi consensus process—recommended 
for AK trials, namely, complete clearance of AKs, and percentage 
of AKs cleared.24,25 Though our eligibility criteria did include 
observational data, the majority of the included 84 studies were 
randomized.

Our findings reiterate results of other studies. In a single-
blinded randomized trial, Jansen et  al. found patients treated 
with fluorouracil 5% to have the highest probability of maintain-
ing treatment response (≥75% AK clearance) compared to imiqui-
mod 5%, MAL-PDT and ingenol mebutate 0.015%.26 Previous 
NMA studies also reported fluorouracil 5% to be the most effica-
cious27,28; additionally, the therapeutic impact of this agent was 
shown to be superior to cryotherapy and fluorouracil 0.5% com-
bined with salicylic acid 10%.28 Our results, along with those of 
previous NMAs,27–29 address the questions raised by Zouboulis—
who inquired on cryosurgery's therapeutic impact vis-à-vis other 
AK therapies.30

Through the inclusion of newer studies, our work serves as an 
extension of a recently published NMA29; for instance, inclusion of 
the trial by Meierhofer et al. that investigated PDT-ALA with 10% 
ALA-gel.31 Furthermore, by specifying the outcome assessment 
timepoint at 8–12 weeks, the design of our NMA minimizes time-
varying confounding separate from previous NMAs.28,32

Among the different doses of a given agent (e.g., imiquimod) our 
results showed a positive dose-dependent relationship. Furthermore, 
our statistical findings support Farr et  al.'s theoretical expositions 
on resiquimod's superiority over imiquimod.33 In light of comments 
by Dirschka and Szeimies, the network meta-regressions of our 

sensitivity analyses incorporated—as an exploratory variable—prox-
ies for number of AK lesions at baseline: the authors' comments cri-
tiqued other related studies on the consideration of this variable as 
it was essentially argued that such variable is correlated with disease 
severity which, in turn, can be an effect modifier.34,35

PDT-ALA was significantly more effective than PDT-MAL in 
terms of patient complete clearance and lesion-specific clearance. 
PDT-ALA using the red light is also significantly different from blue 
light for lesion-specific clearance. Furthermore, the combinational 
use of laser with PDT-MAL therapy demonstrated a more favorable 
efficacy profile compared to PDT-MAL monotherapy, as well as PDT-
ALA monotherapy.36

One limitation of the current study is that evidence in non-
English language was excluded from our work. Furthermore, we 
could not account for relevant effect modifiers—such as sunscreen 
use and frequency of ultraviolet radiation exposure,6,37–39 as constit-
uent studies did not quantify them; there were also a scarce number 
of studies that utilized the Olsen grading system to classify AKs. Due 
to unstandardized reporting, we opted to use the all-cause study 
discontinuation rate instead of rates of specific safety signals which 
may limit the utility of our work for the treating physician. Lastly, 
results of the CINeMA evaluation identified sources of study bias 
concerning heterogeneities and incoherence likely due to our naïve-
pooling of randomized and non-randomized evidence; however, re-
sults of our sensitivity analyses were in concordance with the main 
analyses. Further prospectively designed head-to-head studies are 
warranted to confirm our findings.

When there are several isolated hyperkeratotic AKs, lesion-
directed therapies may be suitable; however, field-targeted treat-
ments are able to treat less hyperkeratotic lesions as well as the 
surrounding actinically damaged skin. Compliance with therapy is in 

F I G U R E  4  League table for the relative effects of actinic keratosis therapies for patient complete clearance (results from main analysis). 
This league table presents the pairwise effect of 12 (i.e., 11 agents + placebo/vehicle) of the 20 interventions identified for “patient 
complete clearance.” Herein, the point estimates (whose 95% credible interval are in parentheses) correspond to the mean difference in log 
odds. *PDT MAL (daylight/artificial daylight/artificial white light); **Placebo/vehicle/control/PDT placebo. PDT ALA, aminolevulinic acid-
mediated photodynamic therapy; DHA, diclofenac and hyaluronic acid; PDT HAL, hexyl aminolevulinate-mediated photodynamic therapy; 
PDT MAL, methyl aminolevulinate-mediated photodynamic therapy.
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part determined by whether the treatment is in office (cryotherapy, 
in-office PDT) or needs to be delivered at home; number and fre-
quency of topical applications, and the adverse-effects profile.9,40,41

To conclude, we addressed knowledge gaps pointed in the evi-
dence base for AK therapies by using an arguably rigorous method-
ological approach; furthermore, the congruence of results between 
our main and sensitivity analyses supported the certainty of our 
findings. The singular timeframe for our outcomes not only contrib-
utes to the rigor of our approach, but also could help in prognoses: 
valid information on the agents' therapeutic impact at a specific time 
period can more accurately help quantify the risk estimates for de-
velopment of malignancy—where malignancy is a consequence of 
having untreated (or poorly treated) AKs.3,4 Our results can be used 
to update clinical practice guidelines; future works can investigate 
the long-term effects of therapies for facial and scalp AKs.

5  |  CONCLUSION

The study offers insights into the covariate-adjusted relative effects 
of various facial and scalp actinic keratosis therapies, including the 
latest treatments. The SUCRA values for 22 therapeutic agents in-
dicate that fluorouracil 5% was ranked the most effective in terms 
of three outcomes: (a) patient complete clearance, (b) patient partial 
clearance, and (c) lesion-specific clearance within 8–12 weeks after 
treatment.

AUTHOR CONTRIBUTIONS
Conceptualization: AKG; data curation: MAB, TW, SPR, SH-N; for-
mal analysis: MAB; investigation: AKG, MAB, TW, SPR; methodol-
ogy: MAB, TW, SPR; project administration: AKG; resources: AKG; 
supervision: AKG, MT; validation: TW, SPR; visualization: AKG, MT; 
writing—original draft preparation: AKG, MAB, TW, MT; writing—re-
view and editing: MAB, TW, SPR, SH-N, GM, VP, MT.

FUNDING INFORMATION
No funding was received for conducting this study.

CONFLIC T OF INTERE S T S TATEMENT
AKG, MAB, TW, SPR, MT, and SH-N have no conflict of interest 
to declare. GM has served as a speaker and/or consultant and/or 
has been involved in scientific advisory boards for AbbVie, Almirall, 
Alumis, Bristol Myers Squibb, Celgene, Dermavant Sciences, Inc., 
DUSA/Sun, Eli Lilly, Evelo, Galderma, Horizon, Incyte, Janssen, LEO 
Pharma, Nobel-pharma, Ortho/Bausch Health, Organogenesis, 
Pfizer, Trevi, and UCB Biopharma. VP has no personal financial ties 
with any pharmaceutical company. He has received honoraria for 
speaker and/or advisory board member roles from AbbVie, Celgene, 
Janssen, Kyowa Kirin Co. Ltd, LEO Pharma, Novartis, Pfizer, Sanofi, 
UCB, and Union Therapeutics. In his role as Department Division 
Director of Dermatology at the University of Toronto, VP has re-
ceived departmental support in the form of unrestricted educa-
tional grants from AbbVie, Bausch Health, Celgene, Janssen, LEO 

Pharma, Lilly, L'Oréal, NAOS, Novartis, Pfizer, Sandoz and Sanofi in 
the past 36 months.

DATA AVAIL ABILIT Y S TATEMENT
Supporting data are available from the corresponding author upon 
reasonable request.

E THIC S S TATEMENT
The authors declare human ethics approval was not needed for this 
study.

ORCID
Aditya K. Gupta   https://orcid.org/0000-0002-8664-7723 
George Martin   https://orcid.org/0000-0002-8197-0740 
Mesbah Talukder   https://orcid.org/0000-0003-0691-640X 

R E FE R E N C E S
	 1.	 Reinehr CPH, Bakos RM. Actinic keratoses: review of clini-

cal, dermoscopic, and therapeutic aspects. An Bras Dermatol. 
2019;94:637-657.

	 2.	 Callen JP, Bickers DR, Moy RL. Actinic keratoses. J Am Acad 
Dermatol. 1997;36:650-653.

	 3.	 Criscione VD, Weinstock MA, Naylor MF, et  al. Actinic kerato-
ses: natural history and risk of malignant transformation in the 
veterans affairs topical tretinoin chemoprevention trial. Cancer. 
2009;115:2523-2530.

	 4.	 Werner RN, Sammain A, Erdmann R, Hartmann V, Stockfleth E, 
Nast A. The natural history of actinic keratosis: a systematic review. 
Br J Dermatol. 2013;169:502-518.

	 5.	 Flohil SC, van der Leest RJT, Dowlatshahi EA, Hofman A, de Vries 
E, Nijsten T. Prevalence of actinic keratosis and its risk factors in 
the general population: the Rotterdam study. J Invest Dermatol. 
2013;133:1971-1978.

	 6.	 Naldi L, Chatenoud L, Piccitto R, et al. Prevalence of actinic kerato-
ses and associated factors in a representative sample of the Italian 
adult population: results from the prevalence of actinic keratoses 
Italian study, 2003-2004. Arch Dermatol. 2006;142:722-726.

	 7.	 Navsaria LJ, Li Y, Nowakowska MK, et al. Incidence and treatment 
of actinic keratosis in older adults with Medicare coverage. JAMA 
Dermatol. 2022;158:1076-1078.

	 8.	 He W, Zhu F, Ma X, et  al. Actinic skin damage and mortality—
The First National Health and Nutrition Examination Survey 
Epidemiologic Follow-up Study. PLoS One. 2011;6:e19907.

	 9.	 Eisen DB, Asgari MM, Bennett DD, et al. Guidelines of care for the 
management of actinic keratosis: executive summary. J Am Acad 
Dermatol. 2021;85:945-955.

	10.	 Hutton B, Salanti G, Caldwell DM, et  al. The PRISMA extension 
statement for reporting of systematic reviews incorporating net-
work meta-analyses of health care interventions: checklist and ex-
planations. Ann Intern Med. 2015;162:777-7784.

	11.	 Guelimi R, Metelli S, Sbidian E, et al. Network meta-analysis: meth-
odological points for readers, authors and reviewers. Br J Dermatol. 
2022;186:917-918.

	12.	 Heppt MV, Leiter U, Steeb T, et  al. S3 guideline for actinic kera-
tosis and cutaneous squamous cell carcinoma—short version, 
part 1: diagnosis, interventions for actinic keratoses, care struc-
tures and quality-of-care indicators. JDDG—J Ger Soc Dermatol. 
2020;18:275-294.

	13.	 Donegan S, Williamson P, D'Alessandro U, Tudur SC. Assessing key 
assumptions of network meta-analysis: a review of methods. Res 
Synth Methods. 2013;4:291-323.

 14732165, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocd.16475 by B

R
A

C
 U

niversity, W
iley O

nline L
ibrary on [24/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-8664-7723
https://orcid.org/0000-0002-8664-7723
https://orcid.org/0000-0002-8197-0740
https://orcid.org/0000-0002-8197-0740
https://orcid.org/0000-0003-0691-640X
https://orcid.org/0000-0003-0691-640X


    |  3661GUPTA et al.

	14.	 Posit team. RStudio: Integrated Development Environment for R. 
2022.

	15.	 Wessely A, Steeb T, Heppt F, et al. A critical appraisal of evidence-
and consensus-based guidelines for actinic keratosis. Curr Oncol. 
2021;28:950-960.

	16.	 Clark J, Glasziou P, Del Mar C, Bannach-Brown A, Stehlik P, Scott 
AM. A full systematic review was completed in 2 weeks using auto-
mation tools: a case study. J Clin Epidemiol. 2020;121:81-90.

	17.	 Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a 
web and mobile app for systematic reviews. Syst Rev. 2016;5:210.

	18.	 Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the 
PICO framework to improve searching PubMed for clinical questions. 
BMC Med Inform Decis Mak. 2007;7:7. doi:10.1186/1472-6947-7-16

	19.	 Nikolakopoulou A, Higgins JPT, Papakonstantinou T, et al. CINeMA: 
an approach for assessing confidence in the results of a network 
meta-analysis. PLoS Med. 2020;17:e1003082.

	20.	 Cameron C, Fireman B, Hutton B, et  al. Network meta-analysis 
incorporating randomized controlled trials and non-randomized 
comparative cohort studies for assessing the safety and effective-
ness of medical treatments: challenges and opportunities. Syst Rev. 
2015;4:147.

	21.	 Seo M, Furukawa TA, Veroniki AA, et al. The kilim plot: a tool for vi-
sualizing network meta-analysis results for multiple outcomes. Res 
Synth Methods. 2021;12:86-95.

	22.	 Krawtchenko N, Roewert-Huber J, Ulrich M, Mann I, Sterry W, 
Stockfleth E. A randomised study of topical 5% imiquimod vs. topical 
5-fluorouracil vs. cryosurgery in immunocompetent patients with 
actinic keratoses: a comparison of clinical and histological outcomes 
including 1-year follow-up. Br J Dermatol. 2007;157(Suppl):34-40.

	23.	 Lebwohl M, Dinehart S, Whiting D, et al. Imiquimod 5% cream for 
the treatment of actinic keratosis: results from two phase III, ran-
domized, double-blind, parallel group, vehicle-controlled trials. J 
Am Acad Dermatol. 2004;50:714-721.

	24.	 Gupta AK, Martin G, Renaud HJ. A step toward standardizing clini-
cal trials of actinic keratosis. JAMA Dermatol. 2020;156:255-257.

	25.	 Reynolds KA, Schlessinger DI, Vasic J, et al. Core outcome set for 
actinic keratosis clinical trials. JAMA Dermatol. 2020;156:326-333.

	26.	 Jansen MHE, Kessels JPHM, Nelemans PJ, et al. Randomized trial 
of four treatment approaches for actinic keratosis. N Engl J Med. 
2019;380:935-946.

	27.	 Gupta AK, Paquet M. Network meta-analysis of the outcome 
‘participant complete clearance’ in nonimmunosuppressed partic-
ipants of eight interventions for actinic keratosis: a follow-up on a 
Cochrane review. Br J Dermatol. 2013;169:250-259.

	28.	 Wu Y, Tang N, Cai L, Li Q. Relative efficacy of 5-fluorouracil com-
pared with other treatments among patients with actinic keratosis: 
a network meta-analysis. Dermatol Ther. 2019;32:e12822.

	29.	 Heppt MV, Dykukha I, Graziadio S, Salido-Vallejo R, Chapman-
Rounds M, Edwards M. Comparative efficacy and safety of tir-
banibulin for actinic keratosis of the face and scalp in Europe: a 
systematic review and network meta-analysis of randomized con-
trolled trials. J Clin Med. 2022;11:11. doi:10.3390/jcm11061654

	30.	 Zouboulis CC. Is cryosurgery less effective that conservative reg-
imens in the treatment of actinic keratoses? J Eur Acad Dermatol 
Venereol. 2016;30:e50-e53.

	31.	 Meierhofer C, Silic K, Urban MV, Tanew A, Radakovic S. The im-
pact of occlusive vs non-occlusive application of 5-aminolevulinic 
acid (BF-200 ALA) on the efficacy and tolerability of photodynamic 
therapy for actinic keratosis on the scalp and face: a prospective 
within-patient comparison trial. Photodermatol Photoimmunol 
Photomed. 2021;37:56-62.

	32.	 Vegter S, Tolley K. A network meta-analysis of the relative efficacy 
of treatments for actinic keratosis of the face or scalp in Europe. 
PLoS One. 2014;9:e96829.

	33.	 Farr MA, Joshi TP, Lewis DJ. Resiquimod: a new topical immune-
response modifier for the treatment of actinic keratosis. Expert 
Opin Emerg Drugs. 2021;26:433-434.

	34.	 Dirschka T. Response to: a network meta-analysis of the relative 
efficacy of treatments for actinic keratosis of the face or scalp in 
Europe. J Eur Acad Dermatol Venereol. 2017;31:e166-e167.

	35.	 Szeimies RM. A network meta-analysis of the relative efficacy 
of treatments for actinic keratosis of the face or scalp in Europe: 
response to comments from prof Dirschka. J Eur Acad Dermatol 
Venereol. 2017;31:e181-e182.

	36.	 Ko D-Y, Jeon S-Y, Kim K-H, Song K-H. Fractional erbium: YAG 
laser-assisted photodynamic therapy for facial actinic keratoses: a 
randomized, comparative, prospective study. J Eur Acad Dermatol 
Venereol. 2014;28:1529-1539.

	37.	 de Berker D, McGregor JM, Mohd Mustapa MF, Exton LS, Hughes 
BR. British Association of Dermatologists' guidelines for the care of 
patients with actinic keratosis 2017. Br J Dermatol. 2017;176:20-43.

	38.	 Ezzedine K, Painchault C, Brignone M. Systematic literature re-
view and network meta-analysis of the efficacy and acceptabil-
ity of interventions in actinic keratoses. Acta Derm Venereol. 
2021;101:adv00358.

	39.	 Li Y, Wang J, Xiao W, Liu J, Zha X. Risk factors for actinic kera-
toses: a systematic review and meta-analysis. Indian J Dermatol. 
2022;67:67. doi:10.4103/ijd.ijd_859_21

	40.	 Kirby JS, Gregory T, Liu G, Leslie DL, Miller JJ. Variation in the cost 
of managing actinic keratosis. JAMA Dermatol. 2017;153:264-269.

	41.	 Singh R, Grada A, Fleischer A, Feldman SR. Infrequent follow-up for 
actinic keratosis treatment: a National Ambulatory Medical Care 
Survey. J Clin Aesthet Dermatol. 2022;15:65-67.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Gupta AK, Bamimore MA, Wang T, 
et al. Comparison of therapeutic agents' short-term effects on 
facial and scalp actinic keratosis: A network meta-analysis. J 
Cosmet Dermatol. 2024;23:3654-3661. doi:10.1111/jocd.16475

 14732165, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocd.16475 by B

R
A

C
 U

niversity, W
iley O

nline L
ibrary on [24/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1186/1472-6947-7-16
https://doi.org//10.3390/jcm11061654
https://doi.org//10.4103/ijd.ijd_859_21
https://doi.org/10.1111/jocd.16475

	Comparison of therapeutic agents' short-term effects on facial and scalp actinic keratosis: A network meta-analysis
	Abstract
	1  |  INTRODUCTION
	2  |  MATERIALS AND METHODS
	2.1  |  Search process
	2.1.1  |  Identification of eligible studies
	2.1.2  |  Definition of outcome variables
	Primary outcomes
	Secondary outcomes


	2.2  |  Quantitative analyses
	2.2.1  |  Geometry of our networks
	2.2.2  |  Network meta-analyses
	2.2.3  |  Sensitivity analyses


	3  |  RESULTS
	3.1  |  Eligible studies
	3.2  |  Relative effect of therapies
	3.2.1  |  Network
	3.2.2  |  Relative efficacy of AK therapies

	3.3  |  Relative safety of AK therapies

	4  |  DISCUSSION
	5  |  CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES


