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Abbreviations 

AK  actinic keratoses 
ALA  aminolevulinic acid 
ALA-PDT aminolevulinic acid photodynamic therapy 
CrI  credible interval 
CTx  cryotherapy 
DCF  diclofenac 
DQLI  Dermatalogic Life Quality Index 
EVPI  expected value of perfect information 
FU  fluorouracil 
HA  hyaluronic acid 
ICER  incremental cost effectiveness ratio 
ICUR  incremental cost-utility ratio 
IMB  ingenol mebutate 
IMQ  imiquimod 
MAL  methylaminolevulinate 
MAL-PDT methylaminolevulinate photodynamic therapy 
NA  not applicable 
NMA  network meta-analysis 
NS  not significant 
OR  odds ration 
PDT  photodynamic therapy 
QALY  quality adjusted life years 
QoL  quality of life 
RCT  randomized controlled trial 
RR  risk ratio 
SCC  squamous cell carcinoma 
SD  standard deviation 
vs  versus 
WTP  willingness to pay 
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Context and Policy Issues 

Actinic keratosis (AK) also known as solar keratosis is a skin disease caused by chronic 

exposure to sunlight.
1,2

 Individuals with fair skin are most likely to develop AK and the 

prevalence of AK increases with age.
2
 Men are more likely than women to develop AK.

2,3
 In 

European countries the prevalence of AK was reported to be 20% in individuals over the 

age of 60 years and increasing to 52% for individuals over the age of 70 years.
3
 AK may 

progress to squamous cell carcinoma (SCC), a type of non-melanoma skin cancer. 

Progression of AK to SCC is estimated to be in the range of 0.025% to 20% per year for an 

individual lesion.
4
 According to a 2011 estimate, in Canada 74,100 new cases of non-

melanoma skin cancer and 270 deaths resulting from it were predicted.
4
 AK occurs as scaly 

lesions on the skin resulting from abnormal growth of atypical epidermal keratinocytes.
1,2

 

There are several clinical variants of AK. These include classic, hypertrophic, atropic, AK 

with cutaneous horn, pigmented, and actinic cheilitis.
2
 AK may occur as a single lesion or 

multiple lesions on extensively exposed areas such as balding scalp, face, neck hands and 

forearms.
2,4

 Generally, lesion-directed therapies are used for few and isolated lesions, and 

field-directed therapies are used for areas with multiple lesions.
4
   

A variety of treatment options are available for AK, such as surgery, cryotherapy (CTx), 

photodynamic therapy (PDT), and topical agents such as imiquimod (IMQ), ingenol 

mebutate (IMB),diclofenac (DCF), and fluorouracil (FU).
1,5-8

 Generally topical agents and 

PDT are used for field directed treatments and surgery and CTx are used for isolated 

lesions.
1,8,9

 CTx uses liquid nitrogen to destroy tissue by freezing it to –196ºC, and in 

photodynamic therapy (PDT) visible light (blue or red) and a light-sensitive compound 

(aminolevulinic acid [ALA] or methylaminolevulinate [MAL]) is used to generate free 

radicals, which induce cell damage and death.
1,10

 FU reduces cell proliferation and induces 

cell death, particularly in cells with high cell division rates.
1,11

 DCF is believed to target 

several aspects of AK pathophysiology but the exact mechanisms of action are unclear.
1
 

IMB is believed to induce cell death through cytotoxic and neutrophil-dependent 

inflammatory mechanism.
4,12

 IMQ is an immune-response modifier and leads to strong anti-

viral and antitumor activity.
1,10

 However, there appears to be no consensus as to which 

treatments are optimal.  

The purpose of this review is to compare the clinical effectiveness and cost-effectiveness of 

IMQ compared to other treatment modalities for the treatment of AK. This report is the 

second in the series of three reports on IMQ. The first report was on basal cell and 

squamous carcinoma and the third report to follow will be on genital warts. 

Research Question 

1. What is the clinical effectiveness of imiquimod for the treatment of actinic keratosis? 

2. What is the cost-effectiveness of imiquimod for the treatment of actinic keratosis? 
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Key Findings 

The three included systematic reviews showed that in patients with actinic keratosis (AK), 

treatment with imiquimod (IMQ) appeared to be better than placebo with respect to 

complete clearance. 

Few primary studies were available for comparisons of IMQ with other active treatments for 

AK, hence definitive conclusions are difficult. There were some inconsistencies in the 

findings of two network meta-analyses, which presented ranking of the treatments in terms 

of clinical efficacy, assessed as complete clearance. In one network meta-analyses, starting 

with the most efficacious treatment, the sequence was flurouracil (FU), aminolevulinic acid 

photodynamic therapy (ALA-PDT), imiquimod (IMQ), ingenol mebutate (IMB), 

methylaminolevulinate photodynamic therapy (MAL-PDT), cryotherapy (CTx), diclofenac 

(DCF) and placebo. In the second network meta-analysis, the sequence was BF-200 ALA-

PDT, IMQ (5%, 4 weeks), FU (0.5%) followed by the other treatments.  

The incremental cost per quality adjusted life year (QALY) for IMQ compared to CTx, 

showed that IMQ was dominant (less costly and more effective). Considering a willingness-

to-pay threshold of €30,000/QALY, MAL-PDT and IMB would be considered cost-effective 

with respect to IMQ, and DCF would not be considered cost-effective with respect to IMQ. 

Findings need to be interpreted in the light of limitations (mainly variability across studies 

with respect to population, treatment procedure, follow-up times, and use of indirect 

comparison of active treatments due to scarcity of studies with direct comparisons). 

Methods 

Literature Search Methods 
 

A limited literature search was conducted on key resources including MEDLINE, Embase, 

PubMed, The Cochrane Library, University of York Centre for Reviews and Dissemination 

(CRD) databases, Canadian and major international health technology assessment 

agencies, as well as a focused Internet search. Methodological filters were applied to limit 

retrieval to health technology assessments, systematic reviews, meta-analyses, 

randomized controlled trials, and economic studies. Conference abstracts were excluded 

from the search results. The search was also limited to English language documents 

published between January 1, 2012 and August 4, 2017.  

Rapid Response reports are organized so that the evidence for each research question is 

presented separately. 

Selection Criteria and Methods 

One reviewer screened citations and selected studies. In the first level of screening, titles 

and abstracts were reviewed and potentially relevant articles were retrieved and assessed 

for inclusion. The final selection of full-text articles was based on the inclusion criteria 

presented in Table 1. 
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Table 1: Selection Criteria 

Population Adult patients requiring treatment for actinic keratosis 

Intervention Imiquimod (e.g, Aldara) 

Comparator Other active treatments or placebo 

Outcomes Clinical effectiveness, clinical benefits and harms, cost-effectiveness 

Study Designs Health technology assessments, systematic reviews, meta-analyses, randomized controlled trials, and 
economic valuations 

 

Exclusion Criteria 

Articles were excluded if they did not meet the selection criteria outlined in Table 1, they 

were duplicate publications, or were published prior to 2012. RCTs included in at least one 

selected systematic review were excluded. Systematic reviews with all studies included in 

at least one selected systematic review were excluded.  

Critical Appraisal of Individual Studies 

The included systematic reviews were critically appraised using AMSTAR,
13

 randomized 

studies were critically appraised using the Downs and Black checklist,
14

 and economic 

studies were assessed using the Drummond checklist.
15

 Summary scores were not 

calculated for the included studies; rather, a review of the strengths and limitations of each 

included study were described narratively. 

Summary of Evidence 

Quantity of Research Available 

A total of 204 citations were identified in the literature search. Following screening of titles 

and abstracts, 188 citations were excluded and 16 potentially relevant reports from the 

electronic search were retrieved for full-text review. No potentially relevant publications 

were retrieved from the grey literature search. Of these potentially relevant articles seven 

publications were excluded for various reasons, while nine publications met the inclusion 

criteria and were included in this report. These comprised three systematic reviews,
1,16,17

 

three RCTs
5,7,9

 and three economic studies.
12,18,19

 Appendix 1 describes the PRISMA 

flowchart of the study selection. 

Summary of Study Characteristics 

Study characteristics are summarized below and details are presented in Appendix 2, 

Tables 2 to 4. 

Systematic reviews and Clinical studies 

Study Design 

Three relevant systematic reviews
1,16,17

 were identified. The systematic reviews had broad 

objectives. One systematic review
1
 included 83 RCTs of which 25 RCTs that were 

published between 2002 and 2012 were relevant for our report. One systematic review
16

 

with a network meta-analysis, included 36 individual RCTs or pooled analyses published 
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between 1997 and 2012. One systematic review
17

 with network meta-analysis, included 25 

studies published between 2001 and 2012.  

Three relevant RCTs
5,7,9

 were identified. In two RCTs
5,7

 the patient served as his/her 

control: in one study
5
 the treatment was applied to one hand or forearm and the other hand 

or forearm was untreated, and in one study
7
 the treatment was applied to one side of the 

face and the comparator treatment was applied to the other side of the face; randomization 

details were not presented. In one RCT
9
 there were three treatment groups, randomized 

using a computer generated list. 

Country of Origin 

One systematic review
1
 was published in 2012 by the Cochrane Collaboration, one 

systematic review
16

 was published in 2013 from Canada, and one systematic review
17

 was 

published in 2014 from the Netherlands.  

Of the three included RCTs, one RCT
5
 was published in 2013 from the USA, one RCT

7
 was 

published in 2012 from the USA, and one RCT
9
 was published in 2012 from Spain. 

Patient Population 

The three systematic reviews
1,16,17

 include adult patients with AK; in one systematic 

review
16

 the population was specified as non-immunosuppressed patients and in one 

systematic review
17

 the population was specified as having mild to moderate AK on the 

face and scalp. In one systematic review
1
 the number of patients in the individual studies 

ranged between 34 and 259 and the proportion of females ranged between 4% and 42%, 

and was not reported for three RCTs. In this systematic review, 19 of the RCTs reported the 

mean age, which ranged between 56 years and 73 years, and the remaining six RCTs 

reported age ranges in years: 44 to 94, 44 to 94, 37 to 88, 37 to 76, and older than18. In 

one systematic review
16

 with a network meta-analysis, the number of patients who received 

a particular intervention were reported: 213 for FU, 1296 for PDT,174 for CTx, 299 for 

DCF/HA, 1411 for IMQ (5%), 560 for IMB, 2520 for placebo. In this systematic review the 

age ranges for each treatment were included in the range 59 and 72 years and the 

proportion of females for each treatment ranged between 14% and 35%. In one systematic 

review
17

 the number of patients in the individual studies ranged between 47 and 547, age of 

patients ranged between 63 years and 72 years, and the proportion of females ranged 

between 12% to 41%.  

All three RCTs
5,7,9

 were on adults with AK with two RCTs
7,9

 on non-hyperkeratotic AK and 

one RCT
5
 was on hypertrophic AK. The number of patients in the individual RCTs ranged 

between 20 and 135, the proportion of females ranged between 0% and 15%, and the 

mean age was 73 years and 74 years in two RCTs and was reported as older than 18 years 

in one RCT.
7
 

Interventions and Comparators 

In one systematic review
1
 IMQ was compared with FU, DCF, ALA-PDT, CTx, and placebo. 

In one systematic review
16

 with a network meta-analysis, the treatments compared included 

IMQ, FU, DCF, ALA-PDT, MAL-PDT, CTx, IMB, and placebo. In one systematic review
17

 

with a network meta-analysis, treatments compared included IMQ, FU, DCF, BF 200 ALA-

PDT (BF-200 ALA is a gel formulation of ALA), ALA-PDT patch, MAL-PDT, CTx, IMB, and 

placebo. 
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In one RCT
5
 a combination of CTx and IMQ was compared with CTx alone, in one RCT

7
 

IMQ was compared with ALA-PDT, and in one RCT
9
 there were three treatment groups: 

IMQ, MAL-PDT and combination of MAL-PDT and IMQ. 

Outcomes 

In one systematic review
1
 outcomes reported include, patient complete clearance, patient 

partial (>75%) clearance, cosmetic outcome, withdrawal due to adverse events and 

adverse events such as skin irritation. Two systematic reviews
16,17

 reported on patient 

complete clearance. 

Outcomes reported in the RCTs
5,7,9

 included clearance rate,
7,9

 change in lesion counts,
5,7

 

quality of life (QoL),
7
 tolerability

7,9
 and adverse effects.

9
 

Economic studies 

Study Design 

Three relevant economic studies
12,18,19

 were identified. All were cost-effectiveness studies; 

the terminology cost-effectiveness study and cost-utility study have sometimes been used 

interchangeably in the literature. All three economic studies conducted base case analysis 

and sensitivity analysis. The time horizon used was 2 years in two studies
12,19

 and 5 years 

in one study.
18

 In all the studies a health care payer perspective was used. Discounting rate 

was 3% in two studies,
18,19

 and 3.5% in one study.
12

 In one study
12

 the clinical inputs 

included response rate, time to optimal effect, recurrence, occurrence of new lesions, 

adverse events, and the relevant treatment sequences; and the cost inputs included cost of 

treatment and outpatient appointments for monitoring. In one study
18

 the clinical inputs 

included clearance, recurrence, death (due to any cause), adherence, and QoL, and cost 

inputs included costs of drugs and specialist visits because of adverse events. In one 

study,
19

 clinical inputs included clearance, time to clearance, local skin reaction risk and 

duration, recurrences, and QoL, and cost inputs included cost of drugs, primary care 

clinician visit, specialist visit, procedures, hospitalizations, and management of local skin 

reaction.  

Country of Origin 

One study
12

 was published in 2017 from Greece, one study
18

 was published in 2016 from 

Spain, and one study
19

 was published in 2015 from Finland. 

Population 

One study
12

 considered a cohort of immunocompetent adults with clinically confirmed AK 

and age older than 60 years. One study
18

 considered a cohort of adults with AK and mean 

age of 73 years. One study
19

 considered a cohort of adults with AK and age range 65 to 74 

years. 

Intervention and comparator 

The focus of all three studies
12,18,19

 was IMB. Two studies
12,18

 included DCF and IMQ as 

comparators, and one study
19

 included DCF, IMQ, MAL-PDT, and CTx as comparators. 

Outcomes 

Incremental cost effectiveness ratio (ICER): incremental cost per clinical effect; and 

incremental cost-utility ratio (ICUR): incremental cost per quality adjusted life year (QALY), 
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were sometimes used interchangeably in the literature. All three studies
12,18,19

 presented 

incremental cost per QALY, and in addition one study
18

 presented incremental cost per 

clearance (elimination of visible lesions).  

Summary of Critical Appraisal 

The critical appraisal of the included systematic reviews, RCTs, and economic studies are 

presented below and details are available in Appendix 3, Tables 5 to 7.  

In all three systematic reviews
1,16,17

 objective, and inclusion and exclusion criteria were 

stated, and study selection was described. In one systematic review
1
 multiple databases, 

trial registries and relevant websites were searched. Two systematic reviews
16,17

 with 

network meta-analysis used the literature search from the Cochrane systematic review but 

had slightly differen inclusion criteria.
1
 One systematic review

16
 was conducted by 

individuals who were also authors for the Cochrane systematic review.
1
 One systematic 

review
17

 indicated that a further extensive literature search was conducted to identify new 

studies but details of the search were not presented. In one systematic review
1
 list of 

exclude studies was provided; article selection and data extraction were done in duplicate; 

quality assessment of the individual studies was conducted and the authors reported 

possibility of performance, detection, attrition, and reporting biases in several studies; 

publication bias was explored and no bias was apparent for the placebo controlled trials, 

while the active comparator trials were too few in number to explore publication bias using 

Funnel plot. In one systematic review
16

 quality assessment was conducted and possibility 

of performance, detection, attrition, and reporting biases in several studies were reported, 

data extracted was compared with the data in the Cochrane systematic review,
1
 list of 

excluded studies was not provided; it was unclear if article selection was done in duplicate, 

and if publication bias was explored. In one systematic review
17

 list of excluded articles was 

provided, article selection was done in duplicate, but it was unclear if data extraction was 

done in duplicate, if quality assessment was conducted and if publication bias was 

explored. One systematic review
1
 included meta-analyses, and two systematic reviews

16,17
 

included network meta-analyses. In one systematic review
16

 the authors mentioned that 

there were no conflicts of interest; in one systematic review
1
 the conflicts of interest were 

provided by one author and there appeared to be none but declarations for the remaining 

authors were not presented; and in one systematic review declarations of conflicts of 

interest were not presented. 

In the three included RCTs
5,7,9

 the objective, inclusion and exclusion criteria were stated, 

and patient characteristics, interventions and outcomes were described. In two studies 

randomization details were not provided but each patient had one side treated with IMQ 

and the other side treated with placebo or comparator treatment, thus serving as his or her 

own control; and in one study
9
 randomization was done using computer generated list. Two 

studies
5,7

 were reported to be single blinded; and in one study
9
 it was unclear if there was 

any blinding hence the potential for performance bias cannot be ruled out. In one study
7
 

sample size calculation was undertaken and the appropriate number of patients included, 

and in two studies
5,9

 it was unclear if sample size calculations were undertaken hence it 

was unclear if the studies were appropriately powered to detect a change in outcome. None 

of the studies conducted true intention-to-treat analysis, instead patients with available data 

were analyzed; also withdrawals and lost to follow up in the studies ranged between 15% 

and 23%; this may impact findings but the direction of impact is unclear. In one study
5
 one 

author was associated with industry and the remaining three authors mentioned that there 
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were no conflicts of interest, in one study
9
 the authors mentioned that there were no 

conflicts of interest, and in one study
7
 conflicts of interest were not mentioned. 

All three economic studies
12,18,19

 stated the objective, perspective, time horizon, and 

discounting rate. The source for clinical data and cost data used in the analysis were 

mentioned in two studies
12,19

 and was unclear in one study.
18

 All studies used indirect 

comparative outcome data for the drugs; two studies
12,19

 used results from network meta-

analysis and one study
18

 used indirect comparative outcome data using Bucher’s method. 

Details of these analysis were not presented hence the robustness of the results was 

unclear. All three studies conducted sensitivity analysis varying certain inputs in the model 

and there appeared to be no issues. In all three studies, conclusions reported were 

consistent with the results presented.  

Summary of Findings 

Findings are summarized below and details are available in Appendix 4, Table 8. 

What is the clinical effectiveness of imiquimod for the treatment of actinic keratosis? 

One systematic review
1
 showed that for patients with AK, compared with placebo, IMQ had 

statistically significantly better efficacy (complete clearance, partial clearance or reduction in 

lesion count). Comparisons of IMQ with other active treatments were few (one to two 

studies). IMQ appeared to have similar efficacy to CTx and DCF. IMQ appeared to have 

less efficacy compared with FU but results were statistically significant for one RCT and not 

significant for one RCT. The authors mentioned that more data were needed to compare 

IMQ with PDT. One systematic review
16

 including a meta-analysis comparing seven 

treatment options for non-immunosuppressed patients with AK ranked the treatment 

options based on probabilities and odds ratios for patient complete clearance as follows: FU 

> ALA-PDT ~ IMQ ~ IMB ~ MAL-PDT> CTx > DCF > placebo. One systematic review
17

 

including a network meta-analysis comparing several treatment options for patients with 

mild to moderate AK on the face and scalp, showed that BF-200 ALA-PDT had the highest 

probability to be the best treatment and the highest SUCRA score followed sequentially in 

order by 5% IMQ (for 4 weeks) and 0.5% FU. All active treatments were significantly better 

than placebo. One systematic review
1
 showed that skin irritation was statistically 

significantly higher with IMQ compared with placebo. The other two systematic reviews
16,17

 

did not report adverse events. 

One RCT
5
 showed that combination of CTx and IMQ had statistically significantly greater 

reduction in lesion counts compared with CTx alone at 14 weeks. This RCT did not report 

on adverse events. One RCT
7
 showed that there was no statistically significant differences 

in complete clearance, partial clearance, or quality of life between ALA-PDT and IMQ, but 

reduction in lesion count was statistically significantly better with ALA-PDT compared with 

IMQ. This study did not report on adverse events. One RCT
9
 showed that numerically 

greater complete clinical response rate was achieved with MAL-PDT followed by IMQ 

compared to IMQ, or MAL-PDT monotherapy; and better clinical response rate with IMQ 

compared to MAL-PDT. Also local reactions were fewer and tolerance was higher with 

sequential of MAL-PDT and IMQ compared to IMQ alone.  

What is the cost-effectiveness of imiquimod for the treatment of actinic keratosis? 

One economic study
12

 from Greece presented ICER values as incremental cost per QALY 

gained. For AK treatment on the face and scalp, the ICER for IMB (0.015%) for three days 

was €10,898 per QALY gained compared to IMQ (5%) for 4 weeks and was considered to 
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be cost-effective at a willingness-to-pay threshold of €30,000 per QALY; and IMB was 

dominant (more effective and less costly) compared to IMQ (5%) for 8 weeks. 

One economic study
18

 from Spain presented ICER values as incremental cost per 

clearance and ICUR values as incremental cost per QALY gained. The ICER and ICUR of 

IMB compared to IMQ (5%) were €728.64 per clearance and €10,906/QALY gained, 

respectively for AK treatment on face and scalp. IMB was considered to be cost-effective 

considering a willingness-to-pay threshold of €30,000 per QALY. 

One economic study
19

 from Finland presented ICER values as incremental cost per QALY 

gained. IMB (0.015%) was shown to be dominant (less costly and more effective) compared 

to other AK treatments (DCF, IMQ [3.75%] and CTx) for face and scalp, except compared 

to 5% IMQ the ICER for IMB was €1933 per QALY gained. Both IMQ (3.75%) and IMQ 

(5%) were dominant compared to CTx for AK treatment for face and scalp. For MAL-PDT, 

the ICER was €11,898 per QALY gained compared to IMQ (3.75%), and €21,900 per QALY 

gained compared to IMQ (5%). For DCF, the ICER was €98,590 per QALY gained 

compared to IMQ (5%).The authors mentioned that in the Finnish setting the willingness-to-

pay threshold was not publically available but considering that the maximum threshold for 

AK may be around €30,000 per QALY, they suggested that ICER values below €15,000 per 

QALY were likely to indicate very good cost-effectiveness.  

Limitations 

Though the Cochrane systematic review
1
 appeared to be of high methodological quality, it 

was limited by the heterogeneity and low methodological quality of the included studies. 

Terminology used for outcomes varied. Not all studies reported all outcomes. Adverse 

effects were sparsely reported. 

There was substantial overlap in the studies included in the systematic reviews hence 

findings are not exclusive.  

The majority of the studies used placebo as the comparator. There were few studies 

comparing IMQ with other active treatments and findings were variable hence definitive 

conclusions are not possible. 

Direct comparisons of IMQ with other agents were limited in most cases hence indirect 

comparisons were used, so results need to be interpreted in the light of this.  

In the network meta-analyses, only studies with follow-up up to one year were used hence 

long term effects are not known. 

In the economic studies, there was variability in methodology and inputs used hence 

comparison across studies was difficult. IMB was the focus in two economic studies,
12,18

 

hence did not present findings for IMQ compared to other treatments except IMB. The ICER 

for IMB compared to IMQ was €10, 906/QALY in one study,
12

 €10, 898/QALY in one 

study,
18

 and €1933/QALY in one study.
19

 Variations were probably due to the various inputs 

and methods used in the analyses but the reasons for variability remain unclear as specific 

details were lacking. All the economic studies were conducted in Europe, hence 

generalizability of the findings to the Canadian setting is unclear. 

Findings need to be interpreted in the light of limitations described above. 
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Conclusions and Implications for Decision or Policy Making 

Three systematic reviews,
1,16,17

 three RCTs,
5,7,9

 and three cost-effectiveness studies that 

compared IMQ with other treatments for patients with AK were identified. The comparator 

treatments included FU, DCF, ALA-PDT, MAL-PDT, CTx, IMB, and placebo. The majority of 

the included studies in the systematic reviews compared IMQ with placebo; studies 

comparing IMQ with other active treatments were few. One systematic review
17

 separated 

ALA-PDT treatments as BF 200 ALA-PDT, and ALA-PDT patch. Two of the systematic 

reviews
16,17

 used the literature search of the Cochrane systematic review
1
 and included 

network meta-analyses to assess the relative efficacies of the various treatment options.  

The three systematic reviews
1,16,17

 showed that in patients with AK, treatment with IMQ 

appeared to be better than placebo with respect to complete clearance, and one systematic 

review
1
 showed that IMQ was associated with local skin irritation. According to one network 

meta-analysis,
16

 the ranking for the treatments with respect to complete clearance, starting 

with the most effective treatment was FU > ALA-PDT ~ IMQ ~ IMB ~ MAL-PDT> CTx > 

DCF > placebo. According to a second meta-analysis,
17

 BF-200 ALA-PDT had the highest 

probability to be the best treatment followed sequentially in order by 5% IMQ (for 4 weeks) 

and 0.5% FU.  

One RCT
9
 showed that greater clinical response was achieved with IMQ compared with 

MAL-PDT. One RCT showed
7
 significantly greater reduction in lesion count with ALA-PDT 

compared to IMQ, but there was no significant difference with respect to complete 

clearance, or quality of life. One RCT
5
 showed that combination of CTx and IMQ produced 

greater reduction in lesion count compared with CTx alone.  

The incremental cost/QALY for IMQ compared to CTx, showed that IMQ was dominant 

(less costly and more effective). Considering a willingness-to-pay threshold of 

€30,000/QALY, MAL-PDT and IMB would be considered cost-effective with respect to IMQ, 

and DCF would not be considered cost-effective with respect to IMQ. 
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Appendix 1: Selection of Included Studies 
 
 
 
 

  

188 citations excluded 

16 potentially relevant articles retrieved 
for scrutiny (full text, if available) 

No potentially relevant 
report retrieved from 
other sources (grey 

literature, hand search) 

16 potentially relevant reports 

7 reports excluded: 
-irrelevant population (1) 
-primary study included in at least one of 
the selected systematic reviews (3) 
-systematic review with all studies 
included in at least one of the selected 
systematic reviews (2) 
-other (conference abstract)(1) 

 

9 reports included in review 

204 citations identified from electronic 
literature search and screened 
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Appendix 2: Characteristics of Included Publications 

Table 2: Characteristics of Included Systematic Reviews 

Author, Year, 
Country 

Type and Number 
of Primary Studies 

Included, Aim 

Population 
Characteristics 

Comparisons Outcome 

Gupta,
1
 2012, The 

Cochrane 
Collaboration 

This systematic 
review included 83 
RCTs of which 25 
RCTs published 
between 2002 and 
2012 were relevant 
for our report  
 
Aim: To assess the 
effects of various 
treatments for AK 

Adults with AK 
  
N = 4434 
  
Number of patients in the 
individual studies: 34 to 259  
 
Age (mean) (years) in 19 
studies: 56 to 73 
Age range (years) in 4 
studies: 44 to 94, 44 to 94, 
37 to 88, and 37 to 76. 
Age (years) in 2 studies > 18 
 
% Female in the individual 
studies: 4% to 42% (NR in 3 
studies) 

IMQ vs plb (18); 
IMQ vs DCF (1), 
IMQ vs FU (1), 
IMQ vs FU vs CTx (1), 
IMQ vs ALA-PDT (1),  
ALA-PDT+IMQ vs ALA-
PDT+plb (1), 
CTx-IMQ vs CTx+plb (2) 
 
Majority of the studies used 
5% IMQ, 2 studies used 
IMQ 2.5% and 3.75% and 
one study use IMQ 3.75%. 

Patient complete 
clearance, partial 
(75%) clearance, 
cosmetic outcome, 
withdrawal due to 
adverse event, 
adverse events. 
 
Follow up: 4 weeks to 
20 weeks  

Gupta,
16

 2013, 
Canada 

This systematic 
review included 36 
individual RCTs or 
pooled studies from 
32 publications 
published between 
1997 and 2012. 
Number of studies 
reporting on each 
treatment varied: 14 
for IMQ, 4 for FU 
(0.5%), 2 for FU 
(5.0%), 6 for ALA-
PDT, 7 for MAL-PDT, 
2 for CTx, 5 for 
DCF/HA, 3 for IMB 
and 32 for placebo. 
 
Aim: To assess the 
relative efficacies of 
eight treatments for 
AK in non-
immunosuppressed 
patients by 
conducting a NMA 

Adults with AK 
 
Number of patients varied for 
each treatment.  
N = 44 for FU (5%), 169 for 
FU (0.5%), 739 for ALA-
PDT, 557 for MAL-PDT,174 
for CTx, 299 for DCF/HA, 
1411 for IMQ (5%), 560 for 
IMB, 2520 for placebo. 
 
Age (range) (years): 59 to 72 
(age ranges or mean age 
were reported for each 
treatment and these were 
within the range 59 to 72) 
 
% Female: 14% to 35% (% 
females for each treatment 
were within the range 14% to 
56%) 
 
Filtzpatrick skin types: 
Types I – II: 59% to 88%, 
Types III – V: 12% to 41% 

IMQ (5%), FU (0.5%), FU 
(5.0%), ALA-PDT, MAL-
PDT, CTx, DCF/HA, IMB 
(0.015% to 0.05%), and 
placebo were compared. 
 
DCF/HA = DCF (3%) in HA 
(2.5%),  

Complete clearance 
 
Follow-up: ≤ I year 

Vegter,
17

 2014, the 
Netherlands 

His systematic review 
included 25 RCTs 
published between 
2001 and 2012.  
 
Aim: To assess the 

Adults with mild to moderate 
AK on the face and scalp.  
 
N =5,562 (the number of 
patients in the individual 
RCTs ranged between 47 

Treaments compared 
included MAL-PDT, BF 200 
ALA-PDT, ALA-PDT patch, 
CTx, IMQ (diff 
concentration and 
treatment duration), DCF, 

Complete clearance 
 
Follow up: ≤ I year 
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Table 2: Characteristics of Included Systematic Reviews 

Author, Year, 
Country 

Type and Number 
of Primary Studies 

Included, Aim 

Population 
Characteristics 

Comparisons Outcome 

relative efficacies of 
treatments for AK, 
that were available 
and regularly used in 
clinical practice in 
Europe by conducting 
a NMA 

and 547. 
 
Age in the individual RCTs 
ranged between 63 years 
and 72 years. 
 
% Females in the individual 
RCTs ranged between 12% 
and 41%  

IMB, and placebo 

AK = actinic keratosis; ALA-PDT = aminolaevulinic acid photodynamic therapy; CTx = cryotherapy; DCF/HA = diclofenac/ hyaluronic acid; FU = fluorouracil; DCF = 

diclofinac; MAL-PDT = methylaminolevulinate photodynamic therapy ; IMB = ingenol mebutate; IMQ = imiquimod; NMA = network meta-analysis; NR = not reported; RCT 

= randomized controlled trial. 

Table 3: Characteristics of Included Clinical Studies 

Author, Year, 
Country 

Study Design Population 
Characteristics 

Comparison Outcome, 
Follow-up 

Goldenberg,
5
 2013, USA RCT – single blind 

but not clearly stated 
who was blinded. 
Patients after CTx 
were randomized to 
have either the left 
or right dorsal hand 
or forearm treated 
with IMQ and the 
other hand or 
forearm was left 
untreated. 
 
Setting: 
Dermatology 
department of Mount 
Sinai School of 
Medicine from 
October 2010 to 
August 2011. 

Adults with at least three 
hypertrophic AK ( > 3mm in 
thickness) on each dorsal 
hand or forearm. 
  
N = 20 
 
Age (mean) (years): 73.4 
 
% Female: 15% 

CTx+IMQ (3.75%) vs CTx 
alone. 
 
Patients were first treated 
with cryotherapy using 
two sprays, five seconds 
each, with a five second 
interval. Then either the 
left or right dorsal hand or 
forearm was treated with 
IMQ and the other hand 
or forearm was left 
untreated. 
 
IMQ (3.75%) regimen 
was 2 weeks on, 2 weeks 
of and then 2 weeks on.  

Change in lesion 
counts 
 
 
Treatment period: 6 
weeks. 
Follow-up: 8 weeks 

Hadley,
7
 2012, USA RCT – single blind 

(investigator 
blinded).This was a 
split-face (right- left) 
study. Patients were 
randomized to 
receive IMQ on one 
side of the face and 
ALA-PDT on the 
other side. 
 
Setting: Patients 

Adults with at least five 
non-hyper keratotic AK on 
each side of the face; 
Fitzpatrick skin type I to III. 
 
N = 61 were enrolled and 
50 who completed the 
study were analyzed 
 
Age: > 18 years 
 
% Female: 0% 

IMQ (5%) versus ALA-
PDT 
  
ALA-PDT : 0.75 ml of 
20% ALA was applied to 
one side of the face and 
allowed to absorb for 1 
hour and then treated 
with 1000 seconds 
(10J/cm

2
) of blue light.. 

During PDT, the side of 
the face to be treated 

Clearance rate, 
response rate 
(mean lesion 
reduction rate), QoL 
(using DLQI), 
tolerability. 
 
Follow up: 24 weeks 
 
DLQI: a 10 item 
validated 
questionnaire that 
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Table 3: Characteristics of Included Clinical Studies 

Author, Year, 
Country 

Study Design Population 
Characteristics 

Comparison Outcome, 
Follow-up 

were recruited from 
the Salt Lake City 
Veterans Affairs 
Hospital. Study 
period: September 
2007 and March 
2010. 
 

 
Fitzpatrick skin type I to III 

with IMQ was covered. 
 
IMQ (5%) was applied to 
the other side of the face 
twice weekly for 16 
weeks. For each 
application 125 mg (half 
sachet) was used by the 
patient. 
 
 

measures effect of 
treatment on QoL. 
DLQI response 
rates range from 0 
to 30 with 0 
indicating no effect 
and 30 indicating 
highest possible 
effect on QoL.. 
Tolerability of 
treatment was 
measured on a 
scale of 1 to 5, with 
5 indicating 
completely tolerable 
and 1 indicating not 
at all tolerable. 

Serra-Gullen,
9
 2012, 

Spain 

RCT 
 
Setting: Patients 
were recruited from 
the Dermatology 
service of Instituto 
Valenciano de 
Oncologia, Spain. 

Adults having on the face 
or scalp at least 5 non-
hyperkeratotic AK or a 25 
cm

2
 area with skin changes 

indicating field 
cancerization 
 
N = 136 but 105 completed 
the study and were 
analyzed; 40 in PDT, 33 in 
IMQ and 32 in PDT+IMQ 
 
Age (mean) (years): 72.7 in 
PDT, 74.3 in IMQ, 72.9 in 
PDT+IMQ. 
 
% Female: 7.5% in PDT, 
15.1% in IMQ, 15.6% in 
PDT+ IMQ 
 
Skin type I – II / skin type III 
– V: 23/17 in PDT, 17/16 in 
IMQ, 19/13 in PDT+IMQ 

IMQ versus MAL-PDT 
versus MAL-PDT + IMQ 
(administered 
sequentially). 
 
IMQ (5%) applied 3 times 
per week on alternate 
nights for 4 weeks. 
 
For the MAL-PDT 
treatment, MAL cream 
was applied to the 
treatment area and after 
3 hours the cream was 
removed and the area 
cleaned with saline and 
then irradiated with a 
diode lamp for 8 minutes 
at 37 J/cm

2
.  

 For the MAL-PDT+IMQ. 
PDT was conducted first 
followed by IMQ 
treatment 
 

Clinical response, 
histologic response, 
satisfaction, 
tolerance, adverse 
effect 
 
Follow up:  
For PDT group1 
month after PDT 
treatment; 
for IMQ group and 
(PDT+IMQ) group 1 
month after 
completion of IMQ 
treatment 

AK = actinic keratosis; ALA = aminolevulinic acid; ALA-PDT = aminolevulinic acid photodynamic therapy ; DLQI = Dermatalogic Life Quality Index; MAL = methyl 

aminolevulinate; MAL-PDT = methyl aminolevulinate photodynamic therapy; PDT = photodynamic therapy; QoL = quality of life; RCT = randomized controlled trial. 
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Table 4: Characteristics of Included Economic Studies 

Author, Year, 
Country 

Study Design Perspective, 
Time Horizon, 

Currency, 
Discounting 

Population Interventions Outcomes 

Athanasakis,
12

 
2017, Greece 

Cost-effectiveness 
analysis. 
 
Aim: To assess the 
cost-effectiveness 
of IMB for scalp 
and face or trunk 
and extremities in 
comparison to 
commonly used 
treatment 
alternatives such 
as DCF and IMQ 

Greek third-party 
payer perspective, 
Time horizon: 24 
months, 
Currency: Euro (€), 
Discounting: 3.5% 
 

Immunocompetent 
adults with clinically 
confirmed AK on 
the face, and scalp 
or trunk and 
extremities 

Interventions 
compared: IMB 
(0.015%, 0.05%) (2 
to 3 days), 5% IMQ 
(4 or 8 weeks), 3% 
DCF (8 or 12 
weeks) 

ICER  
ICER: incremental 
cost per QALY 
gained per patient 

Elias,
18

 2016, 
Spain 

Cost-effectiveness 
and cost-utility 
analyses. 
 
Aim: To assess the 
cost-effectiveness 
and cost-utility of 
IMB for treatment 
of AK 

Perspective of the 
Spanish national 
health service, 
Time horizon: 5 
years, 
Currency: Euro (€), 
Discounting: 3% 

Adults with AK Interventions 
compared: IMB, 
5% IMQ, 3% DCF  

ICER, ICUR. 
 
ICER; incremental 
cost per clearance, 
ICUR: incremental 
cost per QALY 
gained  
 

Soini,
19

 2015, 
Finland 

Cost-utility analysis 
 
Aim: To assess the 
cost-utility of 
common first-line 
treatments for AK 
field (maximum of 
25 cm

2
) for any 

body part 

Public health care 
payer perspective,  
Time horizon: 2 
years, 
Currency: Euro (€), 
Discounting: 3% 
 

Adults with AK field 
maximum of 25 
cm

2
) in any body 

part 

Interventions 
compared: 3.75% 
IMQ, 5% IMQ, CTx, 
3% DCF, 0.015% 
IMB, 0.05% IMB, 
MAL-PDT 

ICER  
ICER: incremental 
cost per QALY 
gained per patient 

AK = actinic keratosis; CTx = cryotherapy; DCF = diclofenac; ICER = incremental cost-effectiveness ratio; IMB = ingenol mebutate; IMQ = imiquimod; MAL-PDT = 

methylaminolevulinate-photodynamic therapy; PDT = photodynamic therapy; QALY = quality adjusted life years; RCT = randomized controlled trial. 
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Appendix 3: Critical Appraisal of Included Publications 

Table 5: Strengths and Limitations of Systematic Reviews and Meta-Analyses using 
AMSTAR 

Strengths Limitations 

Gupta,
1
 2012, The Cochrane Collaboration 

 The objective was clearly stated. 

 The inclusion criteria were stated. 

 The exclusion criteria were stated 

 Multiple databases were searched up to March 2011 
(PubMed/Medline [from 2005], Embase [from 2010], and 
LILACS [from 1982]) were searched. Also, trial registries 
and relevant websites were searched. 

 Study selection was described  

 Flow chart of study selection was provided 

 List of included studies was provided 

 List of excluded studies was provided 

 Article selection was done in duplicate 

 Data extraction was done in duplicate 

 Quality assessment was done using Risk of Bias table from 
Review Manager 5.1 and possibility of bias was reported in 
several studies 

 Characteristics of the individual studies were provided.  

 Meta-analyses were conducted 

 Publication bias was explored using Funnel plot when 
feasible. There appeared to be no publication bias for the 
placebo controlled trials. 

 Conflicts of interest were declared by one of the authors 
and there appears to be no issues; for the remaining three 
authors conflicts of interest were not mentioned. 

 

 Conflicts of interest were not mentioned for three of the four 
authors 

 

Gupta,
16

 2013, Canada 

 The objective was clearly stated. 

 The inclusion criteria were stated. 

 The exclusion criteria were stated 

 Multiple databases (PubMed, Medline, Embase, and 
LILACS) were searched. Also, trial registries and 
databases, grey literature [pharmaceutical company 
websites and conference proceedings] and reference lists of 
relevant publications were searched as in the Cochrane 
review.

1
 

 Study selection was described  

 Flow chart of study selection was provided 

 List of included studies was provided 

 Data extracted was compared with the data in the Cochrane 
review

1
 

 Quality assessment of the studies was conducted and 
possibility of bias was reported in several studies 

 Network meta-analysis was conducted 

 The authors mentioned that there were no conflicts of 
interest 

 List of excluded studies was not provided 

 Unclear if article selection was done in duplicate 

 Unclear if publication bias was explored 
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Table 5: Strengths and Limitations of Systematic Reviews and Meta-Analyses using 
AMSTAR 

Strengths Limitations 

Vegter,
17

 2014, the Netherlands 

 The objective was clearly stated. 

 The inclusion criteria were stated. 

 The exclusion criteria were stated 

 Systematic literature search of the Cochrane review
1
 was 

used. Further search did not identify any new studies 

 Study selection was described  

 Flow chart of study selection was provided 

 List of included studies was provided 

 List of excluded studies was provided 

 Article selection was done in duplicate 

 Network meta-analysis was conducted 
 

 Details of the additional literature search was not provided 
except that no new articles were identified 

 Unclear if data extraction was done in duplicate 

 Unclear if quality assessment of studies was conducted. 

 Unclear if publication bias was explored 

 Conflicts of interest were not mentioned 
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Table 6: Strengths and Limitations of Randomized Controlled Trials using Downs and Black 
checklist 

Strengths Limitations 

Goldenberg,
5
 2013, USA 

 The objective was clearly stated 

 The inclusion and exclusion criteria were stated 

 Patient characteristics, intervention and outcomes were 
described.  

 Randomized. Each patient had one dorsal hand or forearm 
treated with IMQ and the other not treated so each patient 
served as his or her control.  

 Single- blind study but it was not stated clearly who was 
blinded. 

 Of the 20 patients, one patient terminated treatment early 
and two were lost to follow up. Those with available data only 
were analyzed 

 P-values were reported 

 Of the four authors, one author had industry association and 
three authors had no conflicts of interest.  

 Unclear if sample size calculations were undertaken 

 Not an ITT analysis. Patients with available data were 
analyzed.  

 

Hadley,
7
 2012, USA 

 The objective was clearly stated 

 The inclusion and exclusion criteria were stated 

 Patient characteristics, intervention and outcomes were 
described.  

 Randomized. Each patient had one side of the face treated 
with ALA-PDT and the other side of the face treated with 
IMQ so each person served as his or her comparator 

 Single blinded study (investigator blinded) 

 Sample size calculation was conducted and met 

 Of the 61 patients recruited, 50 completed the study and 
were analyzed 

 P-values were reported 
 

 Not an ITT analysis. Patients with available data were 
analyzed.  

 Conflicts of interest were not mentioned 
 

Serra-Gullen,
9
 2012, Spain 

 The objective was clearly stated 

 The inclusion and exclusion criteria were stated 

 Patient characteristics, intervention and outcomes were 
described.  

 Randomization using a computer generated list. 

 From the entire study 23% discontinued but the rate of 
discontinuation in each treatment group was not stated 
separately 

 P-values were reported 

 The authors mentioned that there were no conflicts of 
interest 

 

 Unclear if sample size calculations were undertaken 

 Unclear if there was any blinding 

 Not an ITT analysis. Patients with available data were 
analyzed.  
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Table 7: Strengths and Limitations of Economic Studies using Drummond Checklist 

Strengths Limitations 

Athanasakis,
12

 2017, Greece 

 Objectives were stated. 

 The strategies compared were stated. 

 Time horizon and perspective were stated. 

 Clinical data source were stated (results from systematic 
review with NMA, published literature, and expert panel 
comprising key opinion leaders in dermatology). However 
references to the sources were not always provided. In 
addition clinical outcomes such as proportion of patients 
with complete clearance or having recurrence were not 
presented. 

 Cost data source were stated (treatment costs from the 
latest Official Pricing Bulletin and expressed in 2016 Euros; 
and monitoring cost [ i.e., cost of outpatient visits] from 
latest Official Price list of Medical Procedures). 

 Extent of discounting was stated (3%). 

 Incremental analysis was reported. 

 Sensitivity analyses were conducted, both deterministic and 
probabilistic. However results of the probabilistic analyses 
were not presented in detail, instead a general summary 
was presented. 

 Conclusions were consistent with the results reported, 
however, the appropriateness of the analysis was unclear. 

 The authors mentioned that they had no conflicts of interest. 
However, one author was an employee of the manufacturer 
of IMB and funding for the study was also provided by the 
manufacturer.  

 

 Not all relevant clinical outcomes were presented, 
hence unclear if all relevant outcomes were 
considered. 

 Indirect costs do not appear to have been considered. 
 
 

Elias,
18

 2016, Spain 

 Objectives were stated. 

 The strategies compared were stated. 

 Time horizon and perspective were stated. 

 Clinical data source were stated but not in all case. t 
Comparison of outcomes with the drugs were obtained by 
indirect comparison using Bucher’s method. Health states 
considered included AK, clearance and death 

 Some cost data were presented but the source was not 
indicated 

 Extent of discounting was stated (3% per year). 

 Incremental analysis was reported. 

 Sensitivity analyses were conducted, both deterministic and 
probabilistic 

 Conclusions were consistent with the results reported. 

 Declaration of conflicts of interest were presented; three of 
the authors were employees of the manufacturer of IMB, 
and two of the authors were associated with the 
manufacturer  

 
 

 Indirect costs do not appear to have been considered. 

 This is a modeling study and may not accurately 
represent the reality of routine clinical practice. 
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Soini,
19

 2015, Finland 

 Objectives were stated. 

 The strategies compared were stated. 

 Time horizon and perspective were stated. 

 Clinical data source were stated (results from systematic 
review with NMA, and QoL data were EQ-5D-3L scores with 

respect to Finnish people in the age group 65 to 74). 
Complete clearance rate, time to complete clearance, local 
skin reactions, recurrences, and QoL were considered. 

 Cost data source were stated (estimates used were based 
on the Finnish treatment practices and guidelines). Costs 
for drugs, primary care clinician visits, specialist visits, 
procedures, hospitalizations, and management of local skin 
responses were considered. 

 Extent of discounting was stated (3% per year). 

 Incremental analysis was reported. 

 Sensitivity analyses were conducted; probabilistic approach.  

 Impact of indirect costs (travel costs and productivity lost) 
was explored using a societal perspective in the sensitivity 
analysis. 

 Conclusions were consistent with the results reported.  

 Conflicts of interest were declared. One of the authors was 
an employee of the manufacturer of IMB and the study was 
sponsored by the manufacturer. 

 

 Data from small studies reporting on local skin reaction 
were not considered. Also studies reporting serious adverse 
events were not considered. The impact of this on findings 
is unclear. 

 

IMB = ingenol mebutate, NMA = network meta-analysis. 
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Appendix 4: Main Study Findings and Author’s Conclusions 

Table 8: Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusion 

Systematic Reviews 

Gupta,
1
 2012, The Cochrane Collaboration 

Adults with AK 

 
Comparison of IMQ versus placebo 

Outcome IMQ 
concentration 

No. of 
studies 

No of 
patients 

Effect, 
RR (95% CI) 

Participant 
complete 
clearance 

All 12 3087 6.73 [5.03, 9.00] 

5.0% 9 1871 7.70 (4.63 to 12.79) 

3.75% 3 730 6.45 (3.87 to 10.73) 

2.5% 2 486 4.49 (2.40 to 8.39) 

Participant 
partial 
(>75%) 
clearance 

5.0% 4 1363 6.71 (3.89 to 11.57) 

3.75% 2 484 3.11 (2.08 to 4.66) 

2.5% 2 485 2.48 (1.67 to 3.68) 

Mean 
percentage 
reduction 
in lesion 
count 

3.75% 1 247 46.90 (36.68 to 
57.12) 

Cosmetic 
outcome 

5.0% 2 683 3.23 (1.86 to 5.58) 

Withdrawal 
due to AE 

5.0% 8 2290 2.59 (1.59 to 4.23) 

3.75% 2 483 0.92 (0.22 to 3.93) 

2.5% 2 486 0.50 (0.09 to 2.70) 

Skin 
irritation 

All 5 1678 3.93 (1.56 to 9.88) 

5.0% 3 708 3.68 (0.86 to 15.74) 

3.75% 2 484 4.86 (0.92 to 25.83) 

2.5% 2 486 3.45 (0.63 to 18.97) 

 
Comparison of 3% DCF in 2.5% HA versus 5% IMQ 

Outcome No. of 
studies 

No of 
patient
s 

Effect, 
RR (95% CI) 

Interpretation 

Complete improvement -
Investigator Global 
Improvement Indices 

1 49 0.52 (0.15 to 
1.85) 

Favors IMQ but 
NS 

Complete improvement -
Participant Global 
Improvement Indices 

1 49 1.22 (0.48 to 
3.10) 

Favors DFC but 
NS 

 
Comparison of IMQ (5%) versus FU (5%) 

Outcome No. of 
studies 

No of patients Effect, 
RR (95% CI) 

Participant 
complete 
clearance 

1 50 0.88 (0.73 to 1.06) 

1 39 0.31 (0.14 to 0.67) 

Investigator 1 50 19.38 (2.82 to 

“[ …. ] For field directed treatments, 
diclofenac, 5-fluorouracil, imiquimod, 
and ingenol mebutate had similar 
efficacy, but their associated adverse 
events and cosmetic outcomes are 
different. More direct comparisons 
between these treatments are needed 
to determine the best therapeutic 
approach.” Page 2 
 
 
“In summary, imiquimod was 
significantly more efficacious than 
vehicle, but similar to cryotherapy and 
3% diclofenac in 2.5% hyaluronic acid 
[ …. ]. More studies are needed to 
confirm its inferiority to 5% 
5-fluorouracil. [ …. ] More data are 
needed to be able to compare 5% 
imiquimod to photodynamic therapy, 
and additional treatment with 
imiquimod did not improve the 
efficacy of photodynamic therapy.” 
Page 21 
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Table 8: Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusion 

cosmetic 
outcome 
“excellent” 

133.26) 

Cosmetic 
outcome- 
normal skin 

1 50 1.45 (1.00 to 2.11) 

 
Comparison of IMQ (5%) versus CTx 

Outcome No. of 
studies 

No of patients Effect, 
RR (95% CI) 

Participant 
complete 
clearance 

1 51 1.24 (0.91 to 1.70) 

 
Comparison of CTx versus IMQ 

Outcome No. of 
studies 

No of patients Effect, 
RR (95% CI) 

Interpretation 

Participant 
complete 
clearance 

1 51 0.80 (0.59 to 1.10) Favors IMQ but NS 

Cosmetic 
outcome: 
excellent 
global 
cosmetic 
outcome 

1 51 0.05 (0.01 to 0.34) Favors IMQ 

Cosmetic 
outcome: 
better skin 
appearance 

1 51 0.19 (0.08 to 0.47) Favors IMQ 

 
Comparison of (CTx + vehicle) versus (CTX + IMQ) 

Outcome No. of 
studies 

No of patients Effect, 
RR (95% CI) 

Interpretation 

Participant 
complete 
clearance of 
all lesions 

2 311 0.20 (0.05 to 0.73) Favors CTx + IMQ  

Mean 
percentage 
reduction in 
lesion count 

2 301 -23.69 (-46.03 to -
1.34) 

Favors CTx + IMQ 

Withdrawal 
due to AE 

2 312 0.93 (0.28 to 3.07) Almost similar 

Skin irritation 2 311 0.39 (0.10 to 1.54) Favors CTx + IMQ 
but NS 

Cosmetic 
appearance 
score - 
Investigator 

1 52 MD (95% CI) =  
-0.50 (-1.10 to 
0.10) 

Favors CTx + IMQ 
but NS 

Cosmetic 
appearance 

1 52 MD (95% CI) =  
 

Favors CTx + IMQ 
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score - 
participant 

-1.40 (-2.03 to -
0.77) 

 

Gupta,
16

 2013, Canada 

Adults with AK 

Comparison of IMQ (5%) with other treatments from network meta-analysis results 

Comparison Findings from NMA, 
OR (95% CrI) 

IMQ (5%) vs FU (0.5%) 0.36 (0.10 to 1.17) 

IMQ (5%) vs FU (5%) 0.08 (0.01 to 0.33) 

IMQ (5%) vs ALA-PDT 0.90 (0.45 to 1.82) 

IMQ (5%) vs CTx 1.87 (0.75 to 4.86) 

IMQ (5%) vs DCF/HA 5.51 (2.65 to 11.82) 

IMQ (5%) vs IMB 1.44 (0.63 to 3.43) 

IMQ (5%) vs MAL-PDT  1.50 (0.79 to 2.87) 

IMQ (5%) vs plb 18.97 (12.31 to 30.39) 

 
Ranks based on calculated probabilities  

Treatment Rank (probability) considering 

 All studies Assessments, 
weeks 4 to 12 

Assessments, 
weeks 13 to 24 

FU (0.5%) 2 (86%) 2 (43%)  - 

FU (5%) 1 (94%) 1 (81%) 1 (98%) 

ALA-PDT 3 (52%) 4 (45%) 2 (53%) 

CTx 7 (53%) 7 (35%) - 

DCF/HA 8 (97%) 8 (73%) 5 (98%) 

IMQ (5%) 4 (42%) 3 (37%) 3 (43%) 

IMB 5(27%)/ 6 (29%) 6 (30%) - 

MAL-PDT  6 (40%) 5 (28%) 4 (64%) 

plb 9 (100%) 9 (98%) 6 (100%) 
Note: Only the highest probabilities associated the individual interventions and their ranks are 
presented here 

 

“The interventions were ranked as 
follows based on calculated 
probabilities and odd ratios: 5-FU > 
ALA-PDT ~ IMI ~ IMB 
~ MAL-PDT > cryotherapy > DCF/HA 
> placebo. This efficacy ranking was 
obtained based on the current 
available data on ‘participant 
complete clearance’ from randomized 
controlled trials and the analysis 
model used. However, several other 
factors should also be considered 
when prescribing a treatment for AK.” 

Page 250 
 
 (Note: IMI = IMQ = imiquimod) 

Vegter,
17

 2014, the Netherlands 

Patients with mild to moderate AK on the face or scalp 

 
Comparison of efficacy (complete clearance) with various treatments 

Treatment OR
a
 Ranking of treatments 

Direct meta-
analysis 

NMA Probability 
of being 
best (%) 

SUCRA 
(%) 

Placebo 1 (reference) 1 (reference) 0.0 0.0 

MAL-PDT 14.3 (7.1 to 28.6) 16.5 (6.5 to 42.1) 1.1 57.2 

BF-200 ALA-PDT 40.1 (16.1 to 
100.1) 

45.9 (13.9 to 151.8) 64.8 92.1 

ALA-PDT patch 16.7 (7.3 to 38.2) 18.1 (5.6 to 58.9) 6.7 62.8 

CTx 7.3 (2.7 to 19.4) 8.0 (2.4 to 26.9) 0.3 30.6 

IMQ 5%, 16 
weeks 

21.7 (10.9 to 42.9) 23.8 (10.4 to 54.2) 10.1 74.2 

IMQ 5%, 4 weeks 17.5 (2.4 to 128.3) 17.6 (6.5 to 47.6) 3.9 60.9 

“The results from this NMA of 

available treatments in AK 
suggest that BF-200 ALA gel, using 
narrow-band lights, is expected to 
provide the greatest response in 
terms of complete patient clearance of 
AKs on the face and scalp. The NMA 
ranked BF-200 ALA with the highest 
probability of being the most 
efficacious treatment for this outcome 
measure.” Page 9 
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DCF 3% 3.4 (2.3 to 4.9) 4.3 (2.1 to 8.6) 0.0 14.0 

FU 0.5% 20.5 (4.2 to 100.5) 20.7 (7.7 to 55.7) 7.2 66.8 

IMB 16.8 (9.2 to 30.8) 16.4 (5.0 to 53.6) 5.5 58.1 

IMQ 3.75%, 4 
weeks 

8.5 (5.1 to 14.3)  8.7 (2.9 to 26.2) 0.6 32.2 

a
The authors did not indicate confidence interval or credible interval 

 

Randomized controlled trials 

Goldenberg,
5
 2013, USA 

Adults with hypertrophic AK on each dorsal hand or forearm 

Hypertrophic AK on dorsal hands and forearm with treatment with CTx plus IMQ versus 
CTx alone 

Time 
point 

Number 
of 
patients 
in 
CTx+IM
Q, CTx 

CTx + IMQ CTx alone P –value
a
  

Number of 
lesions, 
mean (SD) 

Change 
from 
baseline, 
mean (SD) 

Number 
of 
lesions, 
mean 
(SD) 

Change 
from 
baseline, 
mean (SD) 

 

Baseline 20, 20 6.30 (3.59) - 5.50 (2.56) -  

Week 2 18, 19 6.17 (3.90) -0.28 (2.70) 4.39 (2.41) -1.11 (1.29) 0.09 

Week 4 18, 18 5.39 (3.84) -1.06 (3.10) 4.50 (2.46) -1.00 (2.33) 0.92 

Week 8 17, 17 3.65 (3.00) -2.94 (4.87) 3.53 (2.21) -1.94 (2.22) 0.38 

Week 10 15, 16 1.87 (1.30) -5.00 (3.57) 3.38 (2.70) -2.13 (2.78) 0.02 

Week 14 17, 17 1.53 (1.46) -5.12 (3.84) 3.35 (2.80) -2.24 (3.19) 0.01 
a
ANOVA was conducted and P values are for comparison of mean change from baseline for the 

CTx+IMQ group compared to the CTx alone group  
 

“Cryotherapy plus imiquimod 3.75% 

cream resulted in a statistically 
significant improvement in the 
reduction of hypertrophic actinic 
keratosis than cryotherapy alone at 14 
weeks.” Page 36 

Hadley,
7
 2012, USA 

Adults with non-hypertrophic AK on each side of the face 

Comparison of outcomes with IMQ (5%) versus ALA-PDT treatments for non-hypertrophic 
AK 

Outcome
a
 Effect P value 

IMQ ALA-PDT  

Proportion with 100% clearance rate 0% 3.8% >0.05 

Proportion with 70% clearance 25% 35% 0.30 

AK response rate (lesion reduction rate) 38.4 56.2 0.002 

DLQI score at week 4 1.38 1.95 0.20 

Tolerability score 4.55 3.82 0.001 
a
Outcomes reported were at 24 weeks unless stated otherwise. 

Note: AK count before treatment 11.7 in IMQ group, 12.2 in ALA-PDT group (P = 0.33) 
 

“There was no statistically significant 
difference in treatment response 
when the 100% or 75% clearance rate 
cutoff was used, but our secondary 
outcome suggests that two sessions 
of ALA-PDT is superior to imiquimod 
5% cream for the treatment of AKs. 
There was no statistically significant 
difference in effect on quality of life as 
assessed using the DLQI.” Page 722 

Serra-Gullen,
9
 2012, Spain 

Adults with non-hypertrophic AK on the face and scalp 

 
Clinical and histologic response 

Outcome Proportion (%) with response 

PDT (N = 40) IMQ (N = 33) PDT + IMQ (N = 
32) 

Clinical response    

  Complete (100% clearance)  10 27 37.5 

“In conclusion, imiquimod provides a 

better clinical response and a 
significantly better histologic response 
than PDT. PDT provides significantly 
greater satisfaction than imiquimod. 
However, sequential therapy provides 
a significantly better clinical and 
histologic response in the treatment of 
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  Partial (> 75% clearance) 75 58 62.5 

Histologic response    

  Presence of AK 45 21 16 

  Absence of AK 55 79 84 

For clinical response, P values were NS for PDT vs IMQ; 0.004 for PDT vs PDT+IMQ; 
NS for IMQ vs PDT+IMQ 
For histologic response, P values were 0.033 for PDT vs IMQ; 0.008 for PDT vs 
PDT+IMQ; NS for IMQ vs PDT+IMQ 

 
Satisfaction and tolerance 

Outcome Proportion (%) with response 

PDT (N = 40) IMQ (N = 33) PDT + IMQ (N = 
32) 

Satisfaction    

  Dissatisfied 5 0 3 

  Moderately satisfied 5 39 13 

  Very satisfied 90 61 84 

Tolerance    

  Poor 35 43 37 

  Acceptable 27.5 33 41 

  Good 37.5 24 22 
For satisfaction, P values were 0.001 for PDT vs IMQ; NS for PDT vs PDT+IMQ; 0.033 for IMQ vs 
PDT+IMQ 
For tolerance, P values were NS for PDT vs IMQ; NS for PDT vs PDT+IMQ; NS for IMQ vs 
PDT+IMQ 

 
Adverse effect (local reaction) at week 4 

Outcome Proportion (%) with response 

IMQ (N = 33) PDT+IMQ (N = 32) 

Local reaction   

  Mild 24 50 

  Moderate 33 41 

  Intense 43 9 
For satisfaction, P value was 0.007 for PDT+IMQ vs IMQ 

 

AK than PDT or imiquimod 
monotherapy. In addition, PDT 
followed by imiquimod produces 
significantly less intense local reaction 
and provides greater patient 
satisfaction than imiquimod.” Page 
e137 

Economic studies 

Athanasakis,
12

 2017, Greece 

Adults with AK on face and scalp or trunk and extremities 

 
Cost-effectiveness of IMB versus other treatments (IMQ, DCF)  

Comparator treatment ICER, cost (€) per QALY gained 

0.015% IMB  0.05% IMB  

5% IMQ (4 weeks) 10,868 Not a relevant comparison 

5% IMQ (8 weeks) Dominant 5% IMQ is indicated for 
treatment of scalp and face 
only 

3% DCF (8 weeks) 199 1584 

3% DCF (12 weeks) 167 1316 
Note: Willingness to pay threshold = €30,000 per QALY 

 
 

“From a social insurance perspective 
in Greece, IM 0.015% and IM 0.05% 
could be the most cost-effective first-
line topical field treatment options in 
all cases for AK treatment.” Page 993 
 
(Note: IM = IMB = ingenol mebutate) 
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Sensitivity analyses results: The authors stated that from probabilistic sensitivity analyses, 
at a willingness to pay threshold of € 30, 000, IMB (0.015% and 0.05%) had greater 
probability of being cost effective compared to IMQ or DCF, with probabilities ranging from 
40.5% to 90.3% 
 
Model inputs 

Input Interventions 

IMB 
(0.015%) 
once 
daily 

IMB 
(0.05%) 
once 
daily (2 
days) 

DCF 
(3%) 
twice 
daily (8 
weeks) 

DCF 
(3%) 
twice 
daily (12 
weeks) 

IMQ (5%) 
3x per 
week (4 
weeks) 

IMQ 
(5%) 3x 
per 
week (8 
weeks) 

Time to 
optimal effect 
(weeks) 

4 4 12 16 8 12 

Time without 
AK in 
responders 
(weeks) 

22 22 14 10 18 14 

% 
experiencing 
AE 

31.3 35.1 43.2 43.2 64.5 64.5 

AE duration 
(mean) 
(weeks) 

2 2 8 12 4 8 

Per pack cost, 
€ ,(no. of 
units) 

70.3 (3) 41.3 (2) 27.4 (1) 27.4 (1) 46.0 (12) 46.0 
(12) 

No. of units 
per course 

3 2 2 2 12 24 

Cost per 
patient, € 

70.3 41.3 54.8 54.8 46.0 92.0 

 
 

Elias,
18

 2016, Spain 

Adults with AK 

 
Base case results for IMB compared to IMQ (5%), (face and scalp) 

Item Interventions 

IMB IMQ 

Total cost (€) 551.50 527.89 

Total clearance 0.536 0.503 

Total QALY 4.451 4.449 

ICER of IMB compared to IMQ (€/clearance) 728.64 

ICUR of IMB compared to IMQ (€/QALY) 10,906 

 
 
 
 
 

“Ingenol mebutate was a dominant 
treatment option vs diclofenac and 
was efficient vs imiquimod (i.e., more 
effective at a higher cost, achieving 
an incremental cost-utility ratio of < € 
30 000/quality-adjusted life-years).” 
Page 498 
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Deterministic sensitivity analysis results for IMB compared to IMQ (5%), (face and scalp) 

Analysis ICER 
(€/clearance) 

ICUR 
(€/QALY) 

Base case (time horizon = 5 years; discount rate = 
3%; efficacy 42.24% for IMB, 44.54% for IMQ)  

728.64 10,906 

Sensitivity analysis, parameters changed   

Discount rate = 0% 745.61 10, 475 

Discount rate = 5% 718.27 11,195 

Time horizon = 30 years 1242.93 7997 

Efficacy of IMB 33% less  2567.73 37,428 

Efficacy of IMB and IMQ equal 222.57 3377 

 
Probabilistic sensitivity analysis result: The authors stated that from probabilistic sensitivity 
analyses, at a willingness to pay threshold of € 30, 000/QALY, IMB was cost effective 
compared to IMQ for 80% of the simulations 
 
Drug costs 

Drug Formulation Retail price 
with VAT (€) 

Retail price 
with VAT and 
deductions (€) 

Dose 

IMB Picato 150 µg/g gel; 3 
single dose tubes of 
0.47 g 

105.72 92.33 1 tube per day for 
3 consecutive 
days once a year 

Picato 500 µg/g gel; 2 
single dose tubes of 
0.47 g 

109.45 101.24 1 tube per day for 
2 consecutive 
days once a year 

IMQ 
5% 

Aldara 50 mg/g cream, 
24 sachets 

125.93 116.49 1 packet/ day for 
12 consecutive 
days once a year 

 

Soini,
19

 2015, Finland 

Adults with AK field (maximum: 25 cm
2
) on any body part 

 
Mean simulated QALYs and costs per patient 

Treatment QALY Cost (€) 

MAL-PDT 1.526 982 

0.015% IMB (3 days) 1.524 794 

0.05% IMB (2 days) 1.522 869 

3% DCF (12 weeks) 1.520 1062 

3.75% IMQ (6 weeks) 1.518 885 

5% IMQ (4/ 8 weeks) 1.517 781 

CTx 1.514 1114 

 
Incremental cost-effectiveness ratio (ICER) for treating AK on the head and body areas  

 Head area ICER, €/ QALY  

Body 
area 
ICER, 
€/ 
QALY 

Treatments IMB 
0.05% 
0.015% 

DCF IMQ 
3.75% 

IMQ 5% CTx 

MAL-PDT 82,607 MAL-
PDT 
dominant 

11,898 21,900 MAL-
PDT 
dominant 

IMB 0.05%/ - IMB IMB 1933 IMB 

“IngMeb 0.015% and 0.05% resulted 
robustly in quality of life gains at 
acceptable costs when compared with 
all relevant AK treatment options in 
Finland. Relatively low EVPI at €250 
per patient with the maximum 
expected WTP of €30,000 per QALY 
gained was estimated.” Page 470 
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0.015% 0.015% 
dominant 

0.015% 
dominant 

0.015% 
dominant 

DCF IMB 
0.05% 
dominant 

- 97,709 98,590 DCF 
dominant 

IMQ 3.75% NA NA - 100,128 IMQ 
3.75% 
dominant 

IMQ 5% NA NA NA - IMQ 
5.0% 
dominant 

CTx IMB 
0.05% 
dominant 

DCF 
dominant 

NA NA - 

Note: Head ICERs shown in the upper right side and body ICERs in the lower left side 
of the table. Dominant indicates greater benefit and lesser cost. NA (not applicable) 
indicates that one or both of the treatments are not indicated for the condition.  

 
Sensitivity analyses (some results) 

Scenario ICER (cost [€] per QALY gained, (IMB 
[0.015%] compared with IMQ [5%]) 

Base case 1933 

Base case (deterministic) 1438 

Time horizon: 1 year IMB dominant 

No discounting 1854 

Similar local skin reactions 3076 

Similar AK recurrence 1314 

Societal perspective IMB dominant 
Sensitivity analyses: probabilistic approach using payer perspective, if not stated otherwise  

 
 
Expected value of perfect information (EVPI) 

EVPI for face and scalp per son 
considering 

EVPI for trunk and extremities per person 
considering 

WTP = €0 
per QALY 

WTP = 
€15,000 per 
QALY 

WTP = 
€30,000 per 
QALY 

WTP = €0 
per QALY 

WTP = 
€15,000 per 
QALY 

WTP = 
€30,000 per 
QALY 

26 86 250 0 58 169 

 
 
Clinical inputs from various sources 

Treatments Outcomes 

Complete clearance (CC) Local skin response (LSR) Recurrence 

Ln (OR)
a
 for 

CC 
Time to CC 
(weeks) 

Probability Duration 
(weeks) 

Probability 

MAL-PDT 5.517 2.5 66.0 1.0 24.0 

0.015% IMB  3.098 3.0 30.0 2.5 53.9 

0.05% IMB  2.182 4.0 23.0 3.5 50.0 

3% DCF  1.660 16.0 430. 4.0 39.0 

3.75% IMQ  2.208 10.0 40.0 8.0 39.0 

5% IMQ (4 
weeks) 

3.238 8.0 64.0 6.0 39.0 

5% IMQ (8 2.347 12.0 64.0 10.0 39.0 
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weeks) 

CTx 1.693 2.5 42.0 0.0 90.0 
a
OR for treatment compared to placebo and value converted to natural logarithm (Ln). 

 
Drug costs based on the Finnish medicines tariff (Jan 2015) 

Treatment Drug cost (€) for treatment 

0.015% IMB. 1x daily (3 days)  106.54 

0.05% IMB, 1x daily (2 days)  106.54 

3% DCF, 2x daily (12 weeks) 122.44 

3.75% IMQ (6 weeks) 125.86 

5% IMQ (4 weeks) 72.97 

5% IMQ (8 weeks) 145.94 
 

AE = adverse event; AK = actinic keratosis; CI = confidence interval; CTx = cryotherapy; DCF = diclofenac; EVPI = expected value of perfect information; FU = 

fluorouracil; HA = hyaluronic acid; ICER = incremental cost-effectiveness ratio; ICUR = incremental cost-utility ratio; IMB = ingenol mebutate; IMQ = imiquimod; NA = not 

applicable; NS = not significant; OR = odds ratio; QALY = quality adjusted life years; RR = relative risk; SD = standard deviation; SUCRA = surface under the cumulative 

ranking curve; WTP = willingness to pay. 

 

 

 


