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Actinic keratoses (AKs), or solar keratoses, are cutaneous 
lesions that present on photo-exposed sites such as face, 
scalp, neck, and extremities. They typically appear as small 
(3-6 mm), erythematous, scaly papules and are detected by 
palpation due to their rough texture.1 When necessary, AKs 
can also be diagnosed histopathologically with characteristic 
dysplastic keratinocytes and irregular hyperchromatic 
nuclei.2 This disorganised growth has been shown to prog-
ress to squamous cell carcinoma (SCC) in some cases, but it 
is difficult to predict which AK lesions will progress to SCC.3 
Thus, early diagnosis and treatment are appropriate for pre-
venting progression to SCC.

Currently, several options for the treatment of AKs depend 
on a combination of clinical and patient factors. Treatment 
can be lesion directed (targeted therapy), field directed (for 
multiple lesions over large surface), or a combination of 
both.4 Available options include field therapies (5-fluoroura-
cil [5-FU] cream, diclofenac gel, imiquimod cream, ingenol 
mebutate gel) or destructive therapies (cryotherapy, curet-
tage, chemical peel, dermabrasion, excision, photodynamic 
therapy [PDT], or laser resurfacing).3-6 As no universal stan-
dard has been established for treatment, several working 
groups have developed their own guidelines for the manage-
ment of AKs.4 Despite the existence of numerous guidelines, 
there has been limited investigation into their overall quality. 
For instance, existing guidelines may diverge on manage-
ment recommendations or are lacking in detail.6 Factors such 
as availability of the treatment, adequacy of the evidence and 
literature search, type of studies incorporated, and author 

biases can also affect the generalizability of a guideline.7 As 
different study methods were used in the production of each 
guideline, variations between guidelines may be present. The 
objective of our review is to summarise the current Canadian, 
European, and British guidelines and provide classification 
of their quality through an evidence rating scale.

Methods

We completed a critical literature review comparing current 
Canadian, European, and British guidelines. A literature 
search of PubMed and EMBASE was conducted to identify 
relevant supporting studies, including randomised controlled 
trials, systematic reviews, and meta-analyses. Search terms 
included actinic keratosis or solar keratosis and relevant 
treatment modalities (such as cryotherapy, surgical excision, 
laser, photodynamic therapy, 5-FU, imiquimod, or ingenol 
mebutate). To identify any grey literature, we completed a 
search of Google and Google Scholar for additional relevant 
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reports and conference abstracts. Guideline data were 
extracted into tabular format by R.B. and triple checked (by 
R.B. and S.Z.) for accuracy.

Discussion

Guidelines for destructive and field therapies are highlighted 
in Tables 1 and 2. Special cases of AK and their management 
are outlined in Table 3. Available and unavailable treatments 
for each region are outlined in Table 4.

Destructive Therapies

Cryotherapy. According to Canadian guidelines, cryother-
apy with liquid nitrogen is currently the most common 
approach to management of isolated AKs.1 Although UK 
guidelines also recommend extensive cryosurgery 
(‘cryopeeling’) as a field treatment, this is in contrast to the 
European and Canadian guidelines, which showed weak 
support for its extensive use.1,5,8 One study has shown 
cryopeeling to be twice as effective as 5-FU when measured 
1 to 3 years postoperatively, with superiority in terms of 
cost, availability, and healing time.9 However, other studies 
reported 5-FU and other topicals to have more sustained 
clearance than cryotherapy.1,10 These incongruences may be 
due to a lack of research on the cryopeeling process, which 
is operator dependant due to variations in freezing time and 
technique.11

Surgical excision. Although solitary AKs are not typically 
excised, surgical excision is recommended in cases of diag-
nostic uncertainty or lesions refractory to treatment.1,5 In 
such cases, biopsy may be required for definitive histopatho-
logic diagnosis and to rule out progression to invasive SCC.8 
Curettage is often recommended for hypertrophic AKs to 
debride lesions prior to applying other therapy, but curettage 
is limited when assessing dermal invasion.5,12 There are cur-
rently no randomised controlled trials of surgical excision for 
AKs.5 The general consensus among guidelines is for its use 
as a diagnostic tool.

PDT. Photodynamic therapy is recommended for the treat-
ment of AKs that are superficial and diffuse or located at 
sites of poor healing.5 For thicker AKs, more sessions of 
PDT may need to be given or AKs are pretreated with curet-
tage to remove hyperkeratotic tissue before photosensitizing 
agents are applied.1,5,8 The 2 PDT photosensitizing agents in 
use are aminolevulinic acid with blue light and methyl-ami-
nolevulinate with red light.3 In 5 randomised controlled tri-
als, the patient response rates for around 2 cycles of PDT on 
face and scalp AKs ranged from 59.2% to 82% (P ≤ .0001), 
with a 3-month follow-up.13-17 When the creams are com-
pared, 1 study of 15 patients found aminolevulinic acid and 
methyl-aminolevulinate both resulted in a significant reduc-
tion of AKs, but methyl-aminolevulinate was reported as less 
painful during and after light treatment.18

Compared with cryotherapy, PDT showed a similar clear-
ance rate (69% PDT vs 75% cryotherapy, P < .001), with 
cryotherapy being more suitable for thicker lesions.14 The 
cosmetic outcome of PDT was also rated higher than for 
cryotherapy.14 Currently, PDT is recommended as the first-
line treatment for patients with multiple AKs, according to 
an international consensus.19

Laser resurfacing. Laser resurfacing uses either carbon diox-
ide (CO

2
) or erbium:yttrium aluminum garnet (Er:YAG). 

Since CO
2
 laser is usually less painful and allows for faster 

wound healing, it is often preferred.20 However, it is also 
noted that pain levels experienced may be contingent on the 
laser parameters and depth of treatment but not due to the 
laser modality itself. The Canadian and European guidelines 
suggest using laser resurfacing for areas of clustered AKs, 
with one application repeated several times.1,8 Canadian 
guidelines have also mentioned laser resurfacing as an option 
in organ transplant patients.1 However, there is limited evi-
dence for the use of lasers, and UK guidelines describe it as 
a possible treatment in principle.5

Laser resurfacing appears to be more effective when com-
bined with PDT than by itself. A randomised trial (n = 20) 
that compared PDT and CO

2
 laser ablation (LA) alone found 

PDT to be superior in AK reduction and patient satisfaction 
(PDT, n = 12 [60%]; LA, n = 6 [30%]; equal preference, n = 
2 [10%]).20 Another trial using ablative fractional laser resur-
facing (AFXL) has found it facilitates methyl-aminolevu-
linate uptake and improves PDT efficacy. AFXL-PDT had an 
88% lesion response compared with 59% postconventional 
PDT (P = .02). These technique can be painful with more 
frequent pigmentary changes.21

Other therapies. Chemical peels were discussed in the Cana-
dian and UK guidelines but not in European guidelines. The 
evidence for chemical peels is considered weak or poorly 
controlled, and accessibility is limited by the need for a spe-
cialist with experience in this procedure.1,5 Medium-depth 
chemical peels have been compared with 5-FU and similar 
efficacy after 32 months, but both groups experienced an 
increase of AKs at 12 months for 25 to 75% of patients (P = 
.039).22 This suggests that AKs might reappear, and long-
term follow-up is necessary when using this treatment.

Only the UK guideline discussed dermabrasion for the 
face.5 A retrospective case series of 23 patients found the 
prophylaxis time in patients who received dermabrasion 
lasted an average of 4 years, with 54% of patients developing 
another AK. Compared with chemical peels, cryotherapy, 
and 5-FU, dermabrasion was better long term. However, the 
complexity of the treatment and risk of blood splatter limit 
its use to centres with appropriate equipment.23

Field Therapies

5-FU. The Canadian guidelines currently recommend using 
5% 5-FU twice daily for up to 4 weeks as a treatment for 
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discrete AKs. The frequency of application is restricted due 
to its erosive nature.1 The UK guidelines also recommend the 
use of 5% 5-FU twice daily, but for 3 weeks, for similar 
reasons.5,10 Although the lower strength formulation of 5-FU 
is not yet marketed in Canada,1 European guidelines discuss 
the use of 0.5% 5-FU for once-daily application over 1 to 4 
weeks. The use of 5% 5-FU is also described for once- or 
twice-daily application over 2 to 4 weeks, which is consis-
tent with the other guidelines.8

A systematic review of 13 RCTs (n = 864) examining the 
efficacy of 5-FU suggests that an overall 80% reduction in 
lesion count can be expected with about half the patients 

experiencing complete clearance. As similarly reported with 
the Canadian and European guidelines, this review also 
found that the quality of evidence is poor with limited studies 
on comparisons between 5-FU and alternatives.24 One meta-
analysis comparing 5-FU to 5% imiquimod was found, 
which inferred imiquimod’s superiority in a complete 
response rate of 70.8% vs 52.2%.25

Imiquimod. In Canada and the United Kingdom, 5% and 
3.75% imiquimod are used. The 5% imiquimod has a dosing 
cycle of 3 times a week over a 4-week treatment cycle, and 
the 3.75% formulation is used daily over two 2-week cycles 

Table 4. Available and Unavailable Treatments for Actinic Keratoses.

Region Available Treatments Not Covered by Guideline or Unavailable

Canada Destructive Therapies
•• Cryotherapy
•• Surgical excision
•• PDT (ALA, MAL)
•• Laser resurfacing
•• Medium-depth chemical peel

Field Therapies
•• 5% 5-FU
•• 5%, 3.75% imiquimod
•• 0.015%, 0.05% ingenol mebutate

Organ Transplant
•• See options above
•• Acitretin

Destructive Therapies
•• Dermabrasion

Field Therapies
•• Diclofenac (unavailable)
•• 0.5% 5-FU, 0.5% 5-FU + 10% 

salicylic acid (unavailable)
Organ Transplant

•• Capecitabine

United Kingdom Destructive Therapies
•• Cryotherapy
•• Surgical excision
•• PDT (ALA, MAL)
•• Laser resurfacing
•• Chemical peel (TCA + 70% glycolic acid, 100% 

phenol)
•• Dermabrasion (silicon sandpaper)

Field Therapies
•• 5% 5-FU, 0.5% 5-FU + 10% salicylic acid
•• 3% diclofenac gel
•• 5%, 3.75% imiquimod
•• 0.015%, 0.05% ingenol mebutate

Organ Transplant
•• See options above
•• Acitretin
•• Capecitabine

Field Therapies
•• 2.5% imiquimod (unavailable)

Europe (except 
United Kingdom)

Destructive Therapies
•• Cryotherapy
•• Surgical Excision
•• PDT (ALA, MAL)
•• Laser resurfacing

Field Therapies
•• 5%, 0.5% 5-FU, 0.5% 5-FU + 10% salicylic acid
•• 3% diclofenac gel
•• 2.5%, 3.75%, 5% imiquimod
•• 0.015%, 0.05% ingenol mebutate

Organ Transplant
•• See options above

Destructive Therapies
•• Chemical peel

Organ Transplant
•• Acitretin
•• Capecitabine

ALA, 5-aminolevulinic acid; 5-FU, 5-fluorouracil; MAL, methyl-aminolevulinate; PDT, photodynamic therapy; TCA, trichloroacetic acid.
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separated by a 2-week rest.1,5 Since there are limited long-
term data on relapse, 5-FU is more often recommended and 
used by groups in the United Kingdom.5 The European 
guidelines describe 3 formulations of imiquimod: 2.5% (not 
available in Canada), 3.75%, and 5%. The 2.5% and 3.75% 
imiquimod are recommended for once-daily use over two 
2-week periods, with a 2-week rest in between. The 5% 
application is for 2 to 3 days per week over 4 to 16 weeks.8

A randomised trial comparing imiquimod 2.5% and 
3.75% in 479 patients found them to be more effective than 
placebo, with complete and partial clearance rates to be 5.5% 
and 12.8% for placebo, 25.0% and 42.7% for imiquimod 
2.5%, and 34.0% and 53.7% for imiquimod 3.75%, respec-
tively (P < .001 each imiquimod vs placebo).26 In 5 clinical 
trials, similar results were found for 5% imiquimod. 
Complete clearance rates ranged from 26.8% to 57.1% and 
partial clearance ranged from 36.6% to 72.1% for treatment 
regimens that lasted from 3 to 16 weeks (P < .001).27-31 In 1 
week, applying more than 3 times is not well tolerated.32

Ingenol mebutate. Canadian, UK, and European guidelines 
recommend the use of 0.015% ingenol mebutate for the face 
or scalp, with once-daily application over 3 days and 0.05% 
for the trunk/extremities once daily over 2 days.1,5,8

In 3 studies, partial clearance ranged from 49.1% to 
75.4% and complete clearance was around 42.2% to 71% 
over a 2- to 3-day treatment period (P < .0001).33-35 The short 
treatment period is beneficial for patients who have difficulty 
adhering to the longer regimens in other treatments such as 
imiquimod and 5-FU. As well, no drug interactions have 
been reported thus far with ingenol mebutate.3 This treat-
ment has also been used after cryosurgery with higher clear-
ance rates, making it a recommended option for single and 
multiple AKs.3

Other topicals. Diclofenac, salicylic acid, and emollients 
were discussed in the guidelines as other topical treatments 
for AKs. UK and European guidelines discuss the use of 3% 
diclofenac in a 2.5% hyaluronic gel, with twice-daily appli-
cation over 60 to 90 days for treating mild AKs.5,8 One ran-
domised trial found that 47% of actively treated patients 
were rated as completely improved by the investigator com-
pared with the placebo group. Since diclofenac is a nonste-
roidal anti-inflammatory drug (NSAID), its nondestructive 
properties can be favourable for early treatment before 
resorting to more invasive methods.36 Currently, this formu-
lation of diclofenac is not available in Canada.

The UK guidelines also recommend the use of emollients 
for mild AKs, although no trials on its use have been con-
ducted.5 This was not an option discussed by the other guide-
lines possibly due to its use as a placebo and lack of effect on 
the known pathophysiologic processes present in AKs.5

Finally, salicylic acid as a preliminary treatment to 5-FU 
has been recommended by both UK and European guidelines 
to remove overlying keratin. UK guidelines and European 

guidelines suggest using 10% salicylic acid with 0.5% 5-FU 
once daily for 6 to 12 weeks.5,8 The evidence for this formu-
lation of salicylic acid is limited. In a small randomised study 
(n = 66), using 0.5% 5-FU in 10% salicylic acid achieved a 
higher histologic clearance, lower clinical lesion counts, and 
lower recurrence rates than 2 cryotherapy treatments 3 weeks 
apart; however, drug-related adverse events were rated more 
severe than in the latter group.37

Other Cases

Single AKs. All 3 guidelines recommend the use of cryosur-
gery for the removal of single AKs as first-line therapy.1,5,8 
Alternatively, Canadian guidelines suggest use of curettage 
or shave excision if the lesion is hyperkeratotic or requires 
histologic examination.1,3 In the UK and European guide-
lines, curettage is rarely used and weakly recommended. 
Among topical options, 5-FU is considered a good treatment 
according to UK guidelines, but Canadian and European 
guidelines found weak to moderate evidence and do not rec-
ommend its use as strongly.1,8 The guidelines for imiquimod 
also differ; Canadian guidelines highly recommend imiqui-
mod, but it is not licensed in the United Kingdom and weakly 
recommended in Europe. This might be due to its cost and 
availability of other more accessible treatments, such as 
cryotherapy.5 Combined therapies of 5-FU and 10% salicylic 
acid were only discussed in the European guidelines, but it is 
weakly recommended at this time.8 This new combination 
therapy was not considered in the Canadian guidelines 
because it only became available after the literature search 
was completed.

Thin AKs. Only UK guidelines discuss treatment for thin 
AKs, using 5-FU as first line, followed by cryosurgery, topi-
cal diclofenac, imiquimod, or PDT. Curettage is rarely used 
as these lesions are superficial. Since thin AKs may not 
always require treatment, this might explain the paucity of 
studies on its management.

Hypertrophic AKs. All guidelines discuss the use of curettage 
as a first-line treatment for hypertrophic AKs. Curettage can 
be used alone or in conjunction with shave excision, elec-
trodessication, or cryosurgery to achieve better clearance.1,5,8 
Although topical 5-FU, topical diclofenac, imiquimod, and 
PDT are rarely used for hypertrophic AK, 1 study of 66 
patients comparing 0.5% 5-FU + 10% salicylic acid and 
cryosurgery found greater histological clearance (62%) with 
the 5-FU treatment than cryosurgery (42%).37 This may be 
due to the inability of cryotherapy to treat perilesional skin, 
unlike field-directed topical therapies,37 but these field thera-
pies will need further investigations to assess their usability.

Multiple AKs. When treating multiple AKs, some differences 
appear in the 3 guidelines. Canadian guidelines strongly rec-
ommend imiquimod, ingenol mebutate, and PDT but report 
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low evidence for using 5-FU, laser resurfacing, and medium-
depth chemical peel.1 This is in contrast to UK and European 
guidelines, which strongly recommend 5-FU.5,8 This diver-
gence may be attributed to differing formulations being com-
pared—in Europe, the 0.5% formulation is strongly preferred 
over the 5% formulation (weak recommendation), but only 
the latter is available and studied in Canada.1,8

In terms of alternative treatments, the UK guidelines list 
cryosurgery, diclofenac, imiquimod, and PDT as fair treat-
ments.5 The European guidelines differ slightly to strongly 
recommend 3.75% imiquimod and PDT, as well as providing 
weak support for cryosurgery and diclofenac.8 These varia-
tions might reflect the differences in study method; the UK 
guidelines measured strength of recommendation based on 
amount of evidence obtained in the literature, while the 
European recommendations were graded as strong based on 
expert consensus.5,8

Organ transplant patients. The use of continuous systemic 
immunosuppression in organ transplant patients results in 
elevated risk of cutaneous malignancy. AK presentation in 
this patient population may have an atypical morphology and 
increased preposition to progress into SCC.1 Based on Cana-
dian guidelines, PDT was the most appealing option com-
pared with other recommendations as evidence for other 
topicals and biopsy treatments are lacking.1 European guide-
lines also recommended PDT, along with other treatments 
such as 5-FU, imiquimod, and cryotherapy or curettage in 
discrete or hyperkeratotic cases, respectively. However, 
these are only weak recommendations, as available data for 
this patient population are limited.8

UK guidelines only discuss the use of topical retonoids, 
systemic retinoids, or systemic cytotoxic agents in organ 
transplant recipients as a preventative measure due to the 
increased risk of progression from AK to SCC.5 Systemic 
acitretin is considered a teratogen that may persist in the 
body for up to 3 years, and thus women should receive coun-
selling regarding the need for long-term contraception.1 
Although there is little literature on the use of systemic che-
motherapy agents, 1 study on capecitabine given to 15 trans-
plant patients showed a 45% reduction of AKs compared 
with pretreatment levels.38

Prevention. The cornerstone in managing AKs is counselling 
patients on the need to reduce exposure to ultraviolet radiation. 
Primary prevention can be achieved through regular use of 
broad-spectrum sunscreen, sun-protective clothing, wide-
brimmed hats, sunglasses, and avoiding exposure during peak 
hours.3,8 Although prevention has been shown to reduce AKs 
and SCC, it alone is not sufficient in the management of AKs.39

Canadian guidelines concur with prevention as an adjunct 
to treatment. Particularly for immunosuppressed patients or 
those with a history of nonmelanoma skin cancers, treatment 
is essential.1 In contrast, UK guidelines have strong recom-
mendations for no therapy as an option for mild AKs or 

sunscreen applied twice daily for 7 months to protect against 
AK development.5 European guidelines also recommend 
regular sunscreen application on a daily basis, but photopro-
tection is considered only a part of overall management.8

A new preventative therapy not discussed by any guide-
lines is the use of water-soluble B-vitamin nicotinamide 
(also called vitamin B3), which is thought to reduce UV 
radiation damage by enhancing DNA repair.40 A recent large 
and well-designed RCT in Australia (n = 386) examined the 
effectiveness of nicotinamide 500 mg by mouth twice daily 
compared with placebo at preventing basal cell carcinoma 
and squamous cell carcinoma.40 As a secondary end point, 
AK counts were considered. Compared with placebo, there 
were 13% (P = .0001) fewer AKs in the nicotinamide group 
at 12 months of follow-up.40 Effects of the nicotinamide on 
AK counts were noticeable within 3 months of treatment ini-
tiation and sustained through the yearlong follow-up. There 
were no significant differences in adverse effects. This sug-
gests nicotinamide may have a modest benefit in reducing 
new AKs and may serve as an adjunct to photoprotection use 
in high-risk patients.

Conclusion

Although there is no single algorithm for the treatment of 
AKs, several guidelines exist to manage varying presenta-
tions of AKs. Patients are encouraged to avoid sun exposure 
through photoprotection, in conjunction with a specific treat-
ment depending on the clinical presentation of the AK. 
Cryotherapy has the strongest recommendation for treatment 
of isolated AKs, although 5-FU, imiquimod, ingenol mebu-
tate, and diclofenac can also be used. Shave excision can be 
used if the lesion is suspicious and requires histologic exami-
nation. For patients with multiple AKs, field therapies such 
as 5-FU, imiquimod, and ingenol mebutate are recom-
mended, along with PDT as a destructive option. In cases 
where AKs are hyperkeratotic, the use of combination treat-
ments of curettage or cryotherapy with a field therapy can be 
considered. In organ transplant recipients, field therapies are 
preferred for dispersed lesions and cryotherapy or curettage 
for individual lesions.

Our review summarises the current Canadian, European, 
and British guidelines and provides classification of their 
quality through an evidence rating scale. Clinicians should 
take into consideration the recommendations outlined, as 
well as costs, patient preference, cosmetic outcomes, comor-
bidities, and availability during the management of actinic 
keratoses.
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