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NICE has renewed accreditation of the process used by the British Associa-
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methodology 2016. The original accreditation term began on 12 May
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1.0 Purpose and scope

The overall objective of the guideline is to provide up-to-date,

evidence-based recommendations for the management of acti-

nic keratosis (AK).

The document aims (i) to offer an appraisal of all relevant

literature up to February 2016, focusing on any key develop-

ments; (ii) to address important, practical clinical questions

relating to the primary guideline objective, including accurate

diagnosis and suitable treatment; (iii) to provide guideline

recommendations and, where appropriate, some health eco-

nomic implications; and (iv) to discuss potential developments

and future directions.

The guideline is presented as a detailed review with high-

lighted recommendations for practical use in the clinic (see

Section 13.0), in addition to an updated patient information

leaflet (PIL), available at the British Association of Dermatolo-

gists (BAD) website (http://www.bad.org.uk/for-the-public/

patient-information-leaflets).

1.1 Exclusions

This guideline does not cover bowenoid AK or actinic

cheilitis.

2.0 Stakeholder involvement and peer review

The Guideline Development Group (GDG) consisted of consul-

tant dermatologists. The draft document was circulated to the

BAD membership, the British Dermatological Nursing Group,

the Primary Care Dermatological Society, the British Society

for Skin Care in Immunosuppressed Individuals, and Age U.K.

for comments. These comments were actively considered by

the GDG, and peer reviewed by the Clinical Standards Unit of

the BAD (made up of the Therapy & Guidelines Subcommit-

tee) prior to publication.

3.0 Methodology

This set of guidelines has been developed using the BAD rec-

ommended methodology,1 with reference to the Appraisal of

Guidelines Research and Evaluation (AGREE II) instrument
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(www.agreetrust.org).2 Recommendations were developed for

implementation in the National Health Service (NHS) using a

process of considered judgement based on the evidence. The

PubMed, MEDLINE and EMBASE databases were searched for

meta-analyses, randomized and nonrandomized controlled

clinical trials, case series, case reports and open studies involv-

ing AK published in the English language from January 2004

to February 2016; the search terms and strategies are detailed

in Appendix S1 (see Supporting Information). Additional rele-

vant references were also isolated from citations in the

reviewed literature, as well as specific targeted searches for

systemic treatments and AK developing into squamous cell

carcinoma (SCC) as a result of specific new treatments.

All identified titles were screened, and those relevant for

first-round inclusion were selected for further scrutiny. The

abstracts for the shortlisted references were then reviewed by

the GDG, with a third round of review and selection for pho-

todynamic therapy (PDT) publications given their number and

complexity. Disagreements in the final selections were resolved

by discussion with the entire GDG. The full papers of relevant

material were obtained. The structure of the 2007 guidelines

was then discussed and re-evaluated, with headings and sub-

headings decided; different coauthors were allocated separate

subsections. Each coauthor then performed a detailed appraisal

of the selected literature with discussions within the GDG to

resolve any issues. All subsections were subsequently collated

and edited to produce the final guideline.

4.0 Limitations of the guideline

This document has been prepared on behalf of the BAD and is

based on the best data available when the document was pre-

pared. It is recognized that under certain conditions it may be

necessary to deviate from the guidelines, and that the results

of future studies may require some of the recommendations

herein to be changed. Failure to adhere to these guidelines

should not necessarily be considered negligent, nor should

adherence to these recommendations constitute a defence

against a claim of negligence. Limiting the review to English-

language references was a pragmatic decision, but the authors

recognize this may exclude some important information pub-

lished in other languages.

5.0 Plans for guideline revision

The proposed revision of this set of recommendations is

scheduled for 2021; where necessary, important interim

changes will be updated on the BAD website.

6.0 Background

Actinic keratoses (synonymous with solar keratoses) are kera-

totic lesions occurring on chronically light-exposed adult skin.

They represent focal areas of abnormal keratinocyte prolifera-

tion and differentiation that carry a low risk of progression to

invasive SCC. A spectrum of histology is seen, but the cardinal

feature of an AK is epithelial dysplasia. This may be restricted

to the basal layer or may extend to full-thickness atypia, at

which point the lesion is known as SCC in situ (Bowen dis-

ease). There is disorderly arrangement and maturation of

epithelial cells. Multiple buds of epithelial cells may occur at

the membrane zone, but no invasion is seen. Histological vari-

ants of AK have been described, including hypertrophic,

bowenoid, lichenoid, acantholytic and pigmented.

Actinic keratoses are generally considered to be premalig-

nant lesions with low individual potential for invasive malig-

nancy and potential for spontaneous regression. AKs present as

discrete, sometimes confluent, patches of erythema and scaling

on predominantly sun-exposed skin, usually in middle-aged

and elderly individuals. Clinically, they are graded on a three-

point scale according to magnitude. Field change might

include any or all of these lesions (Table 1).3 At grade 1 the

lesion is just visible and palpable (gritty to feel and difficult to

see), grade 2 lesions are usually red and scaly (easily felt and

seen), and grade 3 corresponds to thicker, hyperkeratotic

lesions. Grade 3 AKs can be difficult to differentiate from

small, early SCCs, which, if excised, may be reported to have

early or equivocal invasion.

They are often asymptomatic but may occasionally be sore

or itch; lesions may be single or multiple. When multiple, the

concept of ‘field change’ is used to describe an area of skin

that is involved extensively with actinic damage.4 The epi-

demiology, risk factors, disease associations and demographics

of the ‘at-risk’ population are all pertinent to patient manage-

ment. They are discussed together with the available treatment

options.

6.1 Aetiology

Actinic keratoses are the result of chronic exposure to ultravio-

let (UV) radiation, predominantly on skin of the head and

dorsa of the hands, in fair-skinned individuals.5 In addition,

UVB-specific p53 mutations have been demonstrated in AKs,

providing molecular evidence in support of a role for sun-

light.6 There is a high prevalence of keratinocyte cancer,

including AKs, in those receiving chronic immunosuppression,

particularly organ transplant recipients,7 but also patients on

long-term treatment for inflammatory bowel and rheumato-

logical disease, although this is not as well documented. Other

possible risk factors include exposure to arsenic8,9 and chronic

sunbed use.10–12

Table 1 Grades of actinic keratosis (AK)3

Grade 1 Mild; pink or grey marks with slight scale or gritty

to touch
Grade 2 Moderate; thicker hyperkeratosis and easily detected

Grade 3 Severe; hypertrophic, thick keratin
Field change Confluent areas of several centimetres or more with

a range of features matching any or all of the
grades of AK
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6.2 Incidence and prevalence

It is likely that the incidence of AKs is underestimated. It is

difficult to measure the burden of AKs reliably in individuals

and in populations.13

In prevalence studies in Galway, South Wales and

Merseyside, 19–24% of individuals aged > 60 had at least one

AK.14–16 AKs were also present in 3�6% of men aged

40–49 years.16 A linear increase in prevalence was found with

age (from 60 to 80 years) in men but not in women in

another U.K. study, and the rate of new AKs was estimated to

be 149 per 1000 person-years.15 Over 30% of those attending

a dermatology clinic (mean age of attendance 61 years) in

Austria had AK. By the age of 70 years, > 70% of those

attending had AK, with the majority (70%) on the head and

neck.17 A Rotterdam prevalence study of > 2000 Dutch men

and women, mean age 72 years, found AK in 49% of men

and 28% of women.18

6.3 Natural history: spontaneous regression and

malignant transformation

Patients with AK have a chronic disease. The presence of a sin-

gle lesion is a marker of excessive sun exposure and is associ-

ated with the development of further lesions. Point-prevalence

studies demonstrate that lesions regress and relapse over time

(this is probably relevant in the case of grade 1 and 2 lesions).

Figures range between 25% and 70% for apparent resolution

of AKs over a period of 1–4 years.15,19,20 Prospective evalua-

tion demonstrates a low rate of malignant transformation,

with less than one in 1000 AKs developing into SCC per

annum.21 In a US study, 0�6% of patients developed an SCC

in the AK field within the first year – rising to 2�57% at

4 years.20 The higher rate of apparent transformation in the

US study probably reflects the higher risk status of this pre-

dominantly male veteran population.

Nonetheless, there is evidence that AKs are a marker of

excess risk for nonmelanoma skin cancer (NMSC). Mathemati-

cal models derived from the study undertaken by Marks et al.

predict that for an individual with an average of 7�7 AKs, the

probability of developing an SCC within a 10-year period is

approximately 10%.22

When 918 adults (mean age 61 years) with AKs but no

previous history of skin cancer were followed prospectively

for 5 years, the incidence rates for basal cell carcinoma (BCC)

and SCC were estimated at 4106 and 3198 per 100 000 per-

son-years, respectively, representing an excess risk compared

with the general population.23 A sixfold excess risk for NMSC

or melanoma was found in a representative sample of the US

Medicare population with AKs compared with those without

(P < 0�001).24
Despite the proximity of AKs and SCC when they occur on

chronically sun-damaged skin, and the histological and molec-

ular similarities between them,25 debate continues concerning

whether they are separate but similar pathologies developing

in tandem or whether one leads directly to the other. In one

prospective photographic monitoring study over 5 years, it

appeared that 65% of SCCs arose at a site of previously docu-

mented AK.20 A recent systematic review of 24 eligible studies

examining the natural history of AKs concluded that there

were no reliable estimates concerning the frequency of AKs

developing into invasive carcinoma.26

In summary, combined data suggest the possibility of

regression and a low risk of malignant progression for any

given AK. The presence of AK (particularly in high-risk

patients – see Section 7.6 – with multiple AKs or field change)

predicts an excess risk for subsequently developing an NMSC

or melanoma compared with a matched population.

6.4 Investigation and diagnosis

Diagnosis of AK may be made in primary or secondary care

and as part of a general skin examination associated with

assessment of sun damage, focal keratotic lesions or skin can-

cer. Teledermatology has been cited as an effective means of

diagnosis.27 Dermoscopy can be employed with a range of

defined dermoscopic features.28 People with chronic fluctuat-

ing disease may learn self-diagnosis but are advised to corrob-

orate their assessment with a healthcare professional. Such

models of patient-led monitoring and action are advocated in

other chronic diseases such as diabetes mellitus,29 where moti-

vated self-management is a significant element in improved

outcome.30 Diagnosis is typically on clinical grounds. Uncer-

tainty may arise in distinguishing AKs from superficial BCC,

SCC in situ, invasive SCC and even amelanotic melanoma,

where a skin biopsy or excision for histological examination

may be indicated. Where invasive malignancy is in the differ-

ential, the patient care should be shared with a member of a

skin cancer multidisciplinary team. At the diagnosis of AK, the

location and thickness (e.g. grade 1, 2 or 3)3 should be docu-

mented; location is best recorded on a diagram.

6.5 Should actinic keratoses be treated?

The natural history of individual lesions suggests that treat-

ment is not universally required on the basis of preventing

progression into SCC.15 An indirect benefit of treatment is the

demonstration of lesions not responding to normal therapy,

which may represent a subgroup with higher malignant

potential. There is a body of professional opinion that believes

AKs are part of a spectrum that includes SCC in situ, and that

prevention of SCC is therefore the reason for therapy.31 A

Cochrane review of treatment of AK did not find any evidence

that treatment of AK resulted in reduction in presentation of

invasive SCC.32 There is inadequate evidence to justify treat-

ment of all AKs to try to prevent malignant change.

The most appropriate management plan should be deter-

mined by the patient’s preferences and clinical circumstances,

which should take into account the extent, duration and pres-

ence of symptoms, severity of lesions and other associated risk

factors for skin cancer, in addition to the patient’s general

health and well-being. A quality-of-life questionnaire (AKQoL)
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has been established and validated.33 In particular, patients

express concern with respect to (i) the disease itself, (ii) side-

effects and difficulties with treatment, (iii) association with

the term cancer where AK is a risk factor for SCC, and (iv)

the need to adjust sunshine behaviour on a background of

long-acquired habits and preferences.34

7.0 Management

Many options are available for the treatment of AKs. The

main patient-centred considerations are the symptoms and

cosmetic burden of the AK, the efficacy and burden of treat-

ment, and the threat of evolution of the AK into a more

bulky lesion or invasive SCC. Healthcare professional consid-

erations overlap with these, but include others such as effi-

cacy, a flexible regimen, availability in primary and

secondary care and cost. An additional aspect of management

is consideration of the patient’s overall risk of skin cancer

and the wider skin examination. In the Rotterdam study on

the prevalence of AK in the general population, participants

with ≥ 10 AKs (13�6%) had a threefold higher risk for hav-

ing a history of SCC compared with participants with four to

nine (4�0%).18 Full-body skin examination revealed a skin

cancer (BCC, SCC or melanoma) in 4%. The correlation

between skin cancer and number of AKs led the Dutch

group to advocate shorter follow-up intervals and more

active treatment in those with ≥ 10 AKs, while not defining

an interval and acknowledging the resource implications for

this 5% of the population.

At the outset of management, the location and grade

(Table 1) of the AKs should be defined to enable monitoring,

response to treatment or evolution. This can be done using

drawings, body maps and photography, often with lesions

numbered.

Management can be directed at individual lesions or over a

wider area (Fig. 1). This distinction represents lesion vs. field

treatment. Field-based treatment can act to manage a range of

actinic changes in a zone such as the forehead, scalp or central

face, and may provide some benefit in reduction of onset of

new lesions.35 Topical therapies, skin peels36–39 and PDT are

suitable. Usually, focal destructive therapies such as curettage

and cautery or cryotherapy are limited to lesion treatment

(Table 2).

A European AK guideline achieved consensus through a vot-

ing and weighting method with advice grouped according to

the isolated, field-associated or skin-cancer-associated distribu-

tion of the AKs. There remained a preference for cryosurgery

for isolated lesions and curettage for larger ones. Otherwise,

preferences revolved largely around different strengths of the

common main agents, namely 5-fluorouracil (5-FU), imiqui-

mod, ingenol mebutate and variants of PDT. Diclofenac in

hyaluronic acid and imiquimod at 2�5% were not favoured. In

immunosuppressed patients there was a preference for the

stronger formulations of all products. Laser was not consid-

ered a good choice for any circumstance other than treatment

of field disease.40

7.1 No treatment (strength of recommendation A, quality

of evidence 2++)

Summaries of the levels of evidence and strengths of recom-

mendation are given in Appendices 1 and 2.

Any perspective on nontreatment should be based on a

whole-patient assessment, risks, comorbidities and preferences.

The fact that many AKs remit does not diminish the counter-

balancing point that they are associated with UV exposure and

the development of melanoma, SCC and BCC. All patients

need clear information on this risk and their own risk of SCC

in general so that, irrespective of the diagnosis of AK, they

know to present early for assessment if a lesion bleeds, is

painful, grows significantly or becomes protuberant. All

patients should be advised regarding sun protection.

7.2 Primary care

Patients with AK will ask their general practitioner (GP) for

diagnosis and treatment advice. Most AKs can be diagnosed

and treated in primary care.41 In healthcare systems with a

primary-care physician as the first contact, skin monitoring of

sun-exposed surfaces of the head and neck and dorsa of hands

is possible on an opportunistic basis and can be coupled with

relevant prevention and self-care advice.42 Specialist dermatol-

ogy nurses can play a similar role and are able to prescribe

treatment in some healthcare systems.43 The Primary Care

Dermatology Society has developed guidance on the manage-

ment of AK in primary care in the U.K.44,45 Teledermatology

has been used to support the diagnosis and management of

AK in primary care with specialist guidance.27 AKs are part of

the spectrum of actinic damage, which, once present, is man-

aged rather than cured.

Consider referral for specialist care when:

• AK fails to respond to standard treatments;

• multiple or relapsing AKs represent a management chal-

lenge;

• AK occurs in the long-term immunosuppressed;

• lesions are likely to be AK, but there is concern that

they might be SCC (use the 2-week-wait route for pos-

sible skin cancer), for example when they are (i) bleed-

ing, (ii) painful or (iii) thickened with substance when

held between finger and thumb.

7.3 Secondary care

Secondary-care referral is required for diagnosis and/or man-

agement if the lesion might represent an invasive SCC.41 All

regions of the U.K. have dedicated 2-week-wait or ‘urgent

cancer’ pathways. In addition, if treatment in primary care for

AK is unsuccessful, then referral is warranted for management

alone. This includes patients with extensive disease or who are

immunosuppressed (see bullet points above).

Following diagnosis in secondary care, treatment can be ini-

tiated with a future management plan for continued patient
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self-care (see Section 7.4) in collaboration with the GP. Histo-

logical diagnosis can be provided through a range of surgical

procedures (see Sections 8.3 and 8.4) determined by lesion

and circumstance. Follow-up in secondary care can be war-

ranted to assess outcomes of treatment, extensive disease,

patients with associated skin cancers, or those with other con-

siderations such as immunosuppression. Nurse clinicians may

contribute to the care pathway.

7.4 Self-care

Actinic keratosis is a chronic disease. Once patients have the

diagnosis of AK, it is usually the start of a continued process

of further lesions and relapse. They may also develop related

pathology such as solar lentigo, lentigo simplex, SCC in situ

and NMSC.

Patient education is important in enabling self-care, with

early self-diagnosis, ongoing intermittent treatment and

awareness of the risk of skin cancer and how to minimize this

risk (see the AK PIL available at http://www.bad.org.uk/for-

the-public/patient-information-leaflets). Most patients with

mild AK will be seen in primary care and can manage their

disease with topical therapy. Corroboration of diagnosis with

the GP is advisable before treatment of new lesions. Short-

term therapies (e.g. 4 weeks) may need renewal of prescrip-

tion when expired to ensure maintained efficacy. An

Fig 1. Venn diagram illustrating the overlapping nature of lesion- and field-based treatments for actinic keratosis (AK).
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important part of patient education is awareness of the side-

effects of treatment before they start therapy. Many cause

short-term redness, soreness and sometimes crusting or ooz-

ing. If this is not anticipated it can cause distress and aban-

donment of treatment, where a pause would have been more

appropriate.

7.5 Prevention

There have been three randomized controlled trials (RCTs)

(two in Australia and one in the U.S.A.) in patients > 50 years

old, many of whom had a history of AKs, to show that sun-

screen, used to prevent unintentional sun exposure, is associ-

ated with a small decrease in the incidence of SCCs and AKs

(but not BCCs) over a short follow-up period.46–48

More active treatment with a 4-week course of 5-FU, 5%

twice daily to a field of involved skin can reduce the rate of

onset of new AKs in that area over the subsequent 18 months

when compared with placebo.35

There are no studies to show that sun avoidance reduces

the risk of development of AKs and skin cancer in a popu-

lation without AKs. Nonetheless, it is reasonable to hope

that the effect of public health campaigns over the last few

decades will have an impact on this risk. Such practices

may have a bearing on vitamin D levels, which warrant

review in those patients subject to high levels of sun avoid-

ance or who have other risk factors for diseases related to

low vitamin D.49

7.6 High-risk cases

Are there high-risk groups and is their management different?

Patients with multiple and confluent AKs are likely to be at

higher risk of NMSC than those with single lesions. Patients

on chronic immunosuppressive therapy are at increased risk

for skin cancer. Organ transplant recipients are reported as

having 50–100 times the skin cancer risk of an age- and sex-

matched control population.50,51 It is recommended that

high-risk patients have closer follow-up52 and more rigorous

treatment40 for premalignant lesions, including SCC in situ and

AK, together with a lower index of suspicion for skin biopsy

to exclude malignancy. Nonetheless, there is no evidence that

such measures reduce the risk of new skin cancers, although

they may reduce morbidity from surgery and minimize the

risk of recurrence.

Treatment for AKs in transplant patients may be less effec-

tive than in the general population.53 Outcomes may be con-

founded by the large number of proliferative and

hyperkeratotic lesions in this group. Studies have not found a

reduction in subsequent skin cancers in areas previously trea-

ted for AKs with PDT.51 Oral retinoids have been used to

reduce the risk of SCC in transplant patients at high risk of

getting skin cancer, but the effect on AKs is not reported.

A single study reported that capecitabine, used in 15

patients, reduced the risk of SCC,54 BCC and AKs in organ

transplant recipients, but toxicity is likely to limit its use.55

8.0 Treatment

Treatment needs to address a wide range of variables includ-

ing the nature of the AK, the body site, patient preference, the

premorbid state of the patient and previous treatments tried.

Added to this is the large number of therapeutic agents, their

modes of application and the flexibility with which each agent

can be used. Given this backdrop, it is to be expected that

there is variation in clinical practice. Table 2 attempts to bring

a broad perspective to the options. In some instances it might

be viewed in combination with Table 3, which is an approxi-

mation of a simplified cost–benefit analysis.

8.1 General

Lifestyle, dietary fat,56 workplace and genetics are likely to

make a difference to the risk of getting AK, mainly relating to

the levels of UV radiation exposure.

8.1.1 Emollient (strength of recommendation B, level of

evidence 2+)

Elderly, sun-damaged skin is often dry, and emollient can be

part of a management regimen. The direct effect of emollient

on AKs is not clear. Additives such as urea or salicylic acid

may provide benefit. There are no trials dedicated to the study

of palliative therapy of AKs, but emollient or gel vehicle has

been employed in the placebo arm of many trials. The vehicle

limb of an RCT of diclofenac gel in hyaluronan vehicle

described clearance of the target lesion in 44% of patients

using the vehicle after 60 days.57 Less dramatic results were

seen with the cream vehicle used in trials of imiquimod

applied two or three times a week for 4 weeks, reporting

complete clearance of treated AKs in 0%,58 2�4%59 and

14�1%,60 with the latter treated three times a week for

8 weeks.

8.1.2 Sun protection and sunscreen (strength of

recommendation A, level of evidence 1++)

There is no specific information or evidence on sun protection

other than through studies on sunscreen. Sunscreen has a

combined emollient and photoprotective effect. A randomized,

placebo-controlled trial of sunscreen with sun protection fac-

tor (SPF) 17 applied twice daily to the face for 7 months

showed sunscreen to be more effective than emollient in

terms of the total number of AKs and new lesions.46 A single,

daily application of sunscreen with SPF 16 in Queensland,

Australia, also showed it to be more effective than discre-

tionary use of the same sunscreen over a 2-year period in the

reduction of AKs.61 A similar approach in the same setting

also reduced the incidence of cutaneous SCC.48 A 24-month

study of daily use of sunscreen (SPF > 50, high UVA absorp-

tion) in 120 case-controlled organ transplant recipients

showed significant reduction in AKs and NMSCs arising during

the study.49
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8.2 Active treatments

All topical therapies for AK may result in side-effects of irrita-

tion. Some AKs proceed to ooze, crusting and soreness with

local swelling. Details are cited in this guideline for the indi-

vidual treatments and are included in the relevant PILs. It is

important that the patient understands the extent of the area

to be treated and anticipates the side-effects. The size of area

will depend on a range of factors including the therapy, focal

or scattered pathology and the conceptual model (field- or

lesion-based treatment). Where morbidity is an ascendant con-

cern, treatment should be initiated over a small area such as

4–10 cm2 with flexible frequency to establish tolerance and

confidence. Some treatments define a ceiling of surface area

based on the aliquot of prescribed item, for example one tube

of ingenol mebutate is a single dose for 25 cm2. Imiquimod

5% is issued in 250-mg sachets where directions include ‘one

sachet only’ and to ‘cover the area’ typically with a centimetre

margin around any pathology. Others recommend a maxi-

mum based on toxicity, such as 500 cm2 for 5-FU 5%.

Patients should be provided with advice on how to manage

side-effects, with strategies including a break in treatment,

altering the frequency of application, use of emollient and in

some instances application of topical steroid.

8.2.1 5-Fluorouracil (strength of recommendation A, level

of evidence 1++)

The majority of the data on topical therapies relate to the 5%

concentration of 5-FU cream. 5-FU works by the inhibition of

thymidylate synthetase, which is needed for DNA synthesis. It

may also interfere with the formation and function of RNA.62

It is a widely used, flexible and low-cost treatment.63 It can

be used either as lesional treatment or as part of field treat-

ment. The side-effects with the latter can be substantial, and it

is important that the patient is counselled about them, includ-

ing soreness, redness and possible crusting. All of these can be

minimized through reduction in the frequency of application

or short breaks in a course of therapy. It is permitted to wash

the area and apply thin emollient. If the reaction is excessive,

weak steroid can be applied. It is important that the patient is

enabled to learn how to use the treatment, as it is one they

may require intermittently in the future and a bad initial expe-

rience can limit further use.

Many regimens cite twice-daily application over 4 weeks,

but less frequent initial use may enable titration of the fre-

quency of application against reaction, tolerance and efficacy.

Use at poor healing sites such as the lower leg should always

be undertaken with caution and may need supervision. More

recently, 5-FU 0�5% in 10% salicylic acid has been evaluated

and can be prescribed.64 A wide range of open trials, dose-

ranging studies and manipulations of the vehicle have been

reported over the last 45 years, as well as two RCTs, confirm-

ing efficacy. A large, placebo-controlled RCT showed 5-FU 5%

to be more effective than placebo in AK clearance and the

reduction of follow-up cryosurgery treatments at 6 months.35

A Cochrane review with subsequent meta-analysis of complete

clearance results ranked the efficacy of all of the main treat-

ments and put 5-FU at the top.65

Nine of the trials were controlled; a right–left comparison

(n = 6) was the most common design, but only five were ran-

domized. Numbers in the studies were generally small, with a

mean of 26 patients per trial and fewer than 15 patients in

50% of the trials. The minimum follow-up was ≥ 12 months

in only two studies. Many open studies appeared to demon-

strate the efficacy of 5-FU in a range of potencies and differ-

ent vehicles in the treatment of AKs when used on the face

twice daily for 3 weeks. Only two trials studied the use of 5-

FU in the currently available formulation of a 5% cream in a

well-constructed, controlled manner.36,66 Kurwa et al. exam-

ined the lesional area of AKs on the back of the hands before

and after treatment with 5-FU 5% cream twice daily for

3 weeks in a randomized right–left comparison with a single

treatment with PDT.66 Of the 14 patients evaluable at

6 months, there was a mean reduction in lesional area of 70%

(5-FU) and 73% (PDT), with no statistically significant differ-

ence between them. Open studies have suggested that this reg-

imen is not sufficiently long for effective treatment of AKs on

the hands,67 but is adequate for those on the face.36

Witheiler et al. used 5-FU 5% cream on the face as the con-

trol in a right–left comparison with a single application of

Jessner’s solution (14% lactic acid, 14% salicylic acid, 14%

resorcinol in ethanol) followed by a trichloroacetic acid (TCA)

35% peel.36 There was a mean reduction in AKs on both sides

of the face from 18 to four (78% reduction with 5-FU and

79% reduction with TCA). This benefit was sustained for

12 months. The third follow-up at 32 months demonstrated

that the number of AKs had risen again to 10 (5-FU) and 15

(TCA) in the eight evaluable patients; these differences were

not statistically significant.

The results of using the same formulation of 5-FU less fre-

quently, but for prolonged periods, are conflicting. An open

trial of 10 patients reported clearance of 96% of AKs after a

mean of 6�7 weeks applying treatment twice daily, once or

twice per week.68 Six patients were followed for 9 months

and showed an 86% clearance rate that was maintained.

Epstein followed this study with a similar protocol and sample

size, except that evaluation was done by dermatologists given

a series of photographs and blinded to the sequence.69 Eight

of 13 patients failed to show any improvement, with the con-

clusion that pulsing 5-FU over a period < 10 weeks is not

effective. A comparison of use twice daily for 3 weeks against

twice daily for 1 day a week for 12 weeks showed the infre-

quent regimen to be 80% as effective when evaluated at the

final assessment at 52 weeks.70

The mixed quality and size of these studies mean it is diffi-

cult to provide a firm interpretation, but the indication is that

pulsed therapy may work for some patients and enable more

protracted therapy with reduced morbidity. Such an approach

can be useful for sensitive areas or people reluctant to use

treatments that provoke redness and crusting. However, for

some people it may fail to show benefit, and increased
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frequency of use or an alternative treatment may need to be

employed.

5-FU 0�5% in 10% salicylic acid has been assessed, where

salicylic acid may be acting as a keratolytic to enhance the

efficacy of 5-FU. In the initial open trial, statistics were under-

taken per AK rather than per patient.71 In this framework, it is

not possible to report the complete cure of any single patient.

However, the clinical clearance rate for individual AKs was

77%, with no control or blinding. Subsequent evaluation

against salicylic acid vehicle and diclofenac 3% in hyaluronic

gel has been undertaken.64 Daily application with a brush for

6–12 weeks or the point of clearance was compared with

twice-daily diclofenac gel over the same period. Eight weeks

post-treatment, complete clearance was determined to be

achieved in 55�4%, 32% and 15�1% of the patients using the

study product, diclofenac and vehicle, respectively; the AKs

were grades 1 and 2. A follow-up phase of the same study

measured the rate of relapse of individual lesions rather than

relapse from complete clearance.72 With this measure, the rate

of relapse measured per lesion was less at 12 months with 5-

FU 0�5% in 10% salicylic acid (14�2%) than diclofenac 3% gel

(19%) (P = 0�02%).72 The nature of the application makes it

suitable for lesion-directed therapy rather than field therapy.

The license highlights the benefit of the salicylic acid vehicle

as a means of addressing more keratotic AKs. About 50% of

patients discontinue treatment at 6 weeks due to disappear-

ance of the AK.73

8.2.2 Imiquimod 5% cream (strength of recommendation

A, level of evidence 1++)

Imiquimod is a topical immune-response modifier. It is avail-

able as a 5% and a 3�75% cream. Most of the data on treat-

ment response pertain to the 5% cream and are considered

first. In the U.K. it is licensed for use in clinically typical, non-

hyperkeratotic, nonhypertrophic AKs on the face or scalp in

immunocompetent adults, when the size or number of lesions

limits the efficacy and/or acceptability of cryotherapy, and

other topical treatment options are contraindicated or less

appropriate. It is applied at night and washed off in the morn-

ing 8 h later. Courses are three times a week for 4 weeks,

which can be repeated for a further 4 weeks if needed.

A meta-analysis of the use of imiquimod 5% cream from

five RCTs using it two or three times a week for 12–16 weeks

demonstrated a 50% complete clearance rate. This is similar to

more brief and flexible regimens as per the license.74 A small

RCT against vehicle placebo showed clearance rates of 84%

when used up to three times per week for 12 weeks.75 Two

RCTs with regimens of three times per week for 16 weeks

and follow-up 8 weeks later gave 47% of subjects with com-

plete clearance (vs. 7�2% with placebo)76 and 57�1% (vs.

2�2% for placebo).59

A head-to-head open trial between imiquimod 5% (twice

per week for 16 weeks), its cream vehicle and diclofenac 3%

gel (twice daily for 90 days) showed complete clearance of

19�1%, 0% and 20% at the end of the respective treatment

periods. After a further 24 weeks, these figures changed to

45%, 0% and 14�3%, respectively, illustrating that improve-

ment continues to progress after the conclusion of imiquimod,

in contrast to other treatments.58 Similar results were reported

for imiquimod 5% used three times a week for 4 weeks in

126 patients, and repeated for a further 4 weeks a month later

in 79 of them and compared with cream vehicle. The global

complete response in the combined groups was 55%, com-

pared with 2�3% for vehicle, illustrating that personal variation

makes it possible to tailor the duration of the regimen to the

individual.77 An RCT comparing imiquimod 5% cream on the

face [three times a week for 4 (40%) or 8 (60%) weeks

depending on response] with liquid nitrogen spray (10-s

freeze to commencement of thawing) favoured liquid nitro-

gen, with complete clearance in 88% vs. 66�9%. However, the
cryosurgery resulted in a higher number of pigmentary

changes.78

The side-effects of imiquimod are similar to those of 5-FU,

with severe erythema (30�6%), scabbing and crusting (29�9%)
and erosions or ulceration (10�2%). Flu-like symptoms can

also arise and are more likely if multiple sachets are used at

each treatment or if it is being used for superficial BCC with

more frequent applications than is typically the case for AK.59

An instance of post-treatment eruptive keratoacanthomas has

been reported.79 The extent of side-effects is not wholly pre-

dictable, with some patients manifesting an extreme reaction

and others very little. The clinical response is largely in pro-

portion to the side-effects, and those terminating treatment

early due to extreme soreness may still get a good response.

Side-effects are generally well tolerated, but it is important to

counsel the patient carefully in order to anticipate those who

have more extreme clinical reactions.80

There are limited long-term data on relapse after treatment,

but in a three-armed RCT between cryosurgery, 5-FU 5% and

imiquimod, the proportions of the intention-to-treat popula-

tion maintaining clearance at 12 months were 1%, 33% and

76%, respectively.81 The cryosurgery treatments were 20–40 s

in duration, which is a dose at which scarring might be

expected. This observation poses questions about this limb of

the study. In an observational, 16-month follow-up study,

75�3% of those receiving treatment three times a week over

8 weeks were clear at 16 months, in comparison with 57�4%
receiving the same treatment twice a week.82

There is a small number of studies on imiquimod 3�75%
cream (strength of recommendation B, level of evidence 1+),
which is licensed for treatment of AKs of the head and scalp

with application once daily for two, 2-week periods separated

by 2 weeks. Early studies had longer courses, applied once

daily for two periods of 3 weeks separated by 3 weeks, over a

9-week course. Comparison with placebo vehicle 8 weeks

after conclusion of treatment showed complete clearance rates

of 5�5% (placebo) and 34%.83 Where AKs responded they

recurred in 60% of patients within 14 months.84 Where treat-

ment was given as per the licence at weeks 1 and 2, then 5

and 6, complete clearance was seen in 6�3% and 35�6% for

emollient and imiquimod, respectively.85 Where the
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comparator was cryosurgery and emollient vehicle, imiquimod

3�75% following cryosurgery resulted in complete clearance in

59�5% of patients.86

Imiquimod 3�75% has also been used following cryosurgery

as a supplementary treatment, improving the result of treatment

of hypertrophic AKs on the forearm and dorsa of the hands over

cryosurgery alone.87 It is possible that the adverse side-effects

associated with imiquimod 5% cream are less with the 3�75%
formulation, and this might enable more field-based treatment

over lesion therapy and improve patient tolerance.

8.2.3 Diclofenac gel (strength of recommendation A, level

of evidence 1+)

Diclofenac 3% in a 2�5% hyaluronic gel is licensed for applica-

tion twice daily for 60–90 days and can be applied as a

lesion- or field-based treatment. Its mechanism of action for

AK is not known, but may be related to inhibition of the

cyclooxygenase pathway leading to reduced prostaglandin E2

synthesis. Diclofenac gel usually causes less intense local skin

reaction than 5-FU or imiquimod 5% cream.88 The reduction

of side-effects is matched by reduced efficacy where diclofenac

gel and 5-FU 5% are compared, but both achieve high levels

(73% vs. 77%) of patient satisfaction.89

There are three vehicle-controlled studies in the treatment

of mild AKs. In the first, patients were treated for a mean of

60 days, with a clearance of 70% of target lesions in the treat-

ment group compared with 44% in those using the vehicle.57

In the second study, treatment was for 90 days; 50% achieved

complete clearance vs. 20% of those treated with vehicle alone

(P < 0�001).90 In a three-armed RCT comparing diclofenac

3%, imiquimod 5% cream and base cream, the rates of com-

plete clearance at the end of treatment were 19�1%, 20% and

0%.

In summary, these three different studies with diclofenac

gel show 26%, 30% and 19�1% benefit over vehicle gel or

base cream, respectively.58 Extending treatment from 90 to

180 days gave an additional 5% complete clearance without a

significant change in adverse effects.91 Follow-up assessment

was limited to 30 days post-treatment in the first two studies.

In the third, clearance dropped to 14�3% at 24 weeks’ follow-

up. Diclofenac 3% gel used as part of a three-armed study

with 5-FU 0�5% in 10% salicylic acid and vehicle resulted in a

32% rate (17% over vehicle)64 of complete clearance, and a

relapse rate of 19% at 12 months.72 These data indicate mod-

erate efficacy with low morbidity in mild AKs. Treatment was

well tolerated and reported side-effects were mainly pruritus

(41% estimated after 30 days’ treatment) and rash (40% esti-

mated after 60 days).57

8.2.4 Ingenol mebutate cream (150 lg g�1 face and scalp,

500 lg g�1 limbs and trunk) (strength of recommendation

A, level of evidence 1+)

Ingenol mebutate is a diterpene ester extracted from the plant

Euphorbia peplus. At a cellular level it appears to work through

the disruption of mitochondrial membranes resulting in dam-

age and death of host cells and promotion of cell-specific anti-

bodies with consequent antibody-dependent, cell-medicated

cellular cytotoxicity. It is licensed for the treatment of nonker-

atotic, nonhypertrophic AK in adults (grade 1 and 2). It is

sold in two strengths (150 and 500 lg g�1), with the weaker

one applied 3 days in succession to the chosen area on the

face and scalp and the stronger one applied 2 days in succes-

sion to other sites. Each application is dispensed as a single

tube of cream (three tubes for the face and scalp or two tubes

for other sites) with scope to cover a field 5 9 5 cm. Use of

the 150-lg g�1 preparation on the face and scalp over 3 days

resulted in a complete cure rate of 40% vs. 11�7% for vehicle

60 days after starting the treatment in one RCT,92 and 42�2%
vs. 3�7% for vehicle in another of similar size.93

Pooled data from two trials of this treatment regimen fol-

lowed successfully treated patients for 12 months. There was

relapse on the head and neck in just over half of the patients

in the following year.94 If residual lesions are re-treated at

8 weeks, clearance at 12 months increases from 27% to

50%.95 Clearance on other body sites is less, at 34�1% vs.

4�7% for vehicle after application of the 500-lg g�1 cream on

two consecutive days, with relapse in just over half of the

patients at 12 months. Specific sites such as the back of the

hand are less likely to clear completely, with 18�5% vs. 0%

for placebo.96

Side-effects peak at 4 days, which is after completion of the

application of treatment. Common effects are redness, scab-

bing, pain and pustules, with most side-effects settling within

28 days.93,94

A 2015 update from the US Food and Drug Administration

highlights the risks of severe adverse reactions, with local and

systemic allergic features and herpes zoster infection. Within

the update they emphasize the need ‘to avoid applying the gel

in, near, and around the mouth, lips and eye area’.97 Extend-

ing the area of treatment of ingenol mebutate to 100 cm2

resulted in no increase in treatment-related adverse events

compared with 25 cm2.98 Clobetasol propionate, used twice

daily for 4 days post-treatment, did not alleviate the symp-

toms or efficacy of ingenol mebutate.99 This may be relevant

to other treatments causing soreness.

8.2.5 Topical retinoids (strength of recommendation B,

level of evidence 1+)

A range of older trials demonstrate a modest benefit with the

use of topical retinoids in AK.100 They may lend some addi-

tional benefit with respect to improvement in lentigines and

reduced wrinkles. Their use is usually sustained rather than

based on a limited course of treatment. Products include ada-

palene 0�3%, tretinoin 0�1% and 0�05% and topical isotreti-

noin 0�1%. Where adapalene 0�1% was compared with 0�3%,
the latter was significantly more efficacious in achieving AK

count reduction after 9 months.101 Currently, tretinoin and

isotretinoin are prescribable in the U.K. only in 0�025% and

0�05% concentrations, respectively, as topical antibiotic
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combinations licensed for use in acne. A Veterans Association

RCT exploring topical retinoid for chemoprevention of skin

cancer was stopped early because of excessive all-cause mortal-

ity in the treatment group at interim analysis.102

Key recommendations: topical therapies

• Emollient and sunscreen with advice on sun protection

might be a satisfactory treatment for people with fluctu-

ating grade 1 AKs.

• Education at the outset of using active topical therapies

is important to ensure a full understanding of how to

apply treatment and the nature of the side-effects, which

can be marked.

• Active topical therapy is suited to use in primary and

secondary care. Where possible, a management plan

should be formulated that enables the patient to be

managed in primary care.

• Topical therapy is suited to use as lesion- and field-

based treatment. Where used for field treatment, the size

of the field needs to be defined with the patient to

ensure anticipation and tolerance of side-effects.

• Failure of an individual lesion to respond to topical

therapy indicates a need for further evaluation. This may

include referral from primary care to secondary care or

surgery to obtain histology and extend treatment.

8.3 Cryosurgery (strength of recommendation A, level of

evidence 1++)

Cryosurgery is a long-established treatment for AKs requiring

a cryospray (or cotton wool and orange sticks) and a supply

of liquid nitrogen. Complete clearance rates vary according to

the duration of freeze and the number of treatments, usually

separated by 6–12 weeks. The relationship between duration

of freeze and clearance was examined in a three-dose study

with 12-month follow-up after cryosurgery. A duration < 5 s

showed 39% cure, 5–20 s, 69% cure and > 20 s, 83% cure

on the scalp and face.103 Many more recent studies are based

on head-to-head trials with PDT. A randomized study compar-

ing cryosurgery with PDT in 193 patients indicated an overall

75% complete response rate for cryosurgery in contrast to

69% in those treated with PDT at 3 months.104 The differen-

tial success of the two therapies was more marked for thick

lesions, with 69% showing complete response to cryosurgery

vs. 52% to PDT. A double freeze–thaw cycle was used in this

study in contrast to a single cycle, which, when used in a dif-

ferent study, yielded a 68% response.105

A more recent head-to-head study with methyl aminolae-

vulinate (MAL)-PDT employed cryosurgery (1 9 10-s freeze)

as needed every 3 months for up to four visits with assess-

ment at 12 months. It reported a complete response rate of

85%, with 77% needing only one treatment. Side-effects of

cryosurgery of soreness, blistering, pigmentary change and

scarring contributed to an overall patient preference for

PDT.78 In another study, a double freeze–thaw cycle given just

once with no defined duration provided a complete clearance

rate of 88% as judged at 24 weeks.106 In a right–left, split-

face study comparing MAL-PDT with a cryosurgery double

freeze–thaw cycle retreated at 12 weeks as needed, MAL-PDT

showed 89�1% cured lesions vs. 86�1% for cryosurgery, with

no significant difference between them. Patient and clinician

assessment of cosmetic outcome were in favour of MAL-

PDT.107

Extensive cryosurgery over large areas has been referred to

as cryopeeling, and can be used to treat fields of AKs and

background damage.108 Cryosurgery has been described in

combination with topical 5-FU, where the duration of treat-

ment and consequent side-effects of both modalities could be

reduced while maintaining efficacy.109 The pretreatment of AK

with 5-FU 0�5% for 1 week, prior to treatment of the remain-

ing lesions with cryosurgery at the 1-month follow-up, may

decrease the AK count at 6 months when compared with

cryosurgery and vehicle pretreatment (reduced to 33% vs.

55%, P = 0�01).110
Cryosurgery is a flexible therapy that requires skill in

administration. With larger doses it is likely to result in loss

of pigment and scarring. Patient counselling is important con-

cerning the short- and long-term side-effects. In particular,

patients should be aware of blistering, oedema, crusting and

soreness. Doses appropriate for AK are usually < 10 s, but still

carry some risk of damage to underlying structures such as

tendons and nerves if applied on the back of the hands. Below

the knee, slow healing can be a problem, particularly in the

older patient group presenting with AK.

8.4 Surgery

There are no trials of surgery for AKs. The nature of the

pathology makes it likely that a surgical procedure able to

remove an area of diseased skin represents an effective ther-

apy. Histological information can be useful in management of

AK. It is unlikely that this would be a first-line treatment

unless there was diagnostic uncertainty. Surgery addresses a

focal lesion, and where AK presents in a field of actinic dam-

age, it does not address this. A curettage specimen may make

it difficult to determine whether a lesion has an element of

dermal invasion. In some instances a deep shave or formal

excision with histological examination might be preferred. If

curettage is used for a hyperkeratotic AK where SCC is a dif-

ferential diagnosis, it may be warranted to employ two or

three cycles of therapy. This will ensure that if the histology is

that of invasive SCC, or if it is equivocal, the curettage is still

likely to represent adequate treatment. Exceptions would be

where the size, histological type or location of an SCC would

make curettage an unacceptable treatment.111

8.5 Systemic therapy (strength of recommendation C,

level of evidence 2+)

Systemic retinoids have been assessed for their potential role

in suppression or treatment of multiple AKs. Early studies

employing etretinate showed the efficacy of this drug in
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double-blind, crossover trials.112 Anecdotal evidence over the

last 20 years suggests that there can be some considerable

morbidity in employing this treatment. In addition, there may

be a rebound effect once the systemic therapy is stopped.

However, these effects were not observed at the 4-month fol-

low-up in the one available report on this subject.113

Use of systemic retinoids may be justified in very high-risk

patients, such as organ transplant recipients, where there is a

presumed increased risk of progression from AK to SCC.54

Renal transplant patients given oral acitretin 0�4 mg kg�1

showed some immunohistochemical normalization of keratin

expression patterns, but a residue of histological dysplasia sug-

gests potential for relapse when the drug is stopped.114 Low-

dose acitretin is currently given as a treatment option in the

‘European best practice guidelines’ for renal transplant patients

with multiple dysplastic skin lesions.115

An international survey of 28 dermatologists managing skin

disease in organ transplant recipients looked at the use of sys-

temic retinoid.116 In the setting of AK alone, only where the

AK was extensive did the majority (56%) advocate systemic

retinoid. Once patients start getting multiple (more than five)

SCCs in addition to AK, the rate of prescribing increased to

between 74% and 81% depending on whether the SCCs were

high risk. Acitretin was the most common drug, at a starting

dose of 10 mg (42%) or 25 mg (58%); 12% of respondents

used isotretinoin.

There is little literature on the use of systemic cytotoxic

agents in the immunosuppressed, mainly for the treatment of

SCC but in the setting of extensive AK. Capecitabine given to

15 organ transplant recipients with frequent SCC, BCC and AK

showed reductions in monthly incidence to 22%, 33% and

45% of pretreatment levels, respectively.55 Side-effects resulted

in 33% of patients stopping after 1 year.

The cyclooxygenase-2 inhibitor, celecoxib, taken for

9 months can reduce the number of BCCs and SCCs over an

11-month period, but does not appear to alter the number of

AKs.117 Overall, it may have a role in high-risk patients with

multiple NMSCs, but it does not have evidence of a role for

AK.118

8.6 Photodynamic therapy (strength of recommendation

A, level of evidence 1+)

Photodynamic therapy combines a dedicated light source of

appropriate wavelengths with the application of a photosensi-

tizing cream to produce apoptosis and necrosis of the target

tissue. Photosensitizing agents include 5-aminolaevulinic acid

(5-ALA) and the methyl ester of 5-ALA, 5-MAL. BF-200ALA

was recently used, showing increased stability and penetra-

tion.119,120

A range of light sources can be used.121 Red narrow-spec-

trum light sources permit shorter illumination times and

appear to give higher response rates.119,120 Current knowledge

of photosensitizers and light sources are detailed in the 2013

European Guidelines for PDT.121 In most situations superficial

crust or keratin is first removed with light curettage and

photosensitizing cream, then the agent is applied under occlu-

sion for 3 h prior to irradiation. Surface fluorescence with a

Wood’s lamp can help delineate lesions and identify persistent

disease. Treatment can be painful but can be managed with

cold-air analgesia or nerve blocks.121,122 Erythema and crust-

ing often occur but can be reduced by the use of plaster or

physical sunscreens.123

Four studies report PDT to be more effective than pla-

cebo.105,107,124,125 Three were randomized and one double

blinded, with 80–211 subjects. Efficacy rates appear better for

the face and scalp than the forearm and hands,126 but there

are no studies comparing the two sites. Response rates in the

face and scalp range from 69% to 93%. Follow-up reported

up to 24% recurrence at 12 months in an open-label study.127

There may be an increased response of PDT with fraction-

ated light128 and pretreatment with laser.129 Both claimed bet-

ter responses, but patient numbers were small and the side-

effects greater with laser pretreatment. In a side-to-side com-

parative study of PDT vs. CO2 laser treatment they were of

equal efficacy but patient preference was for PDT.130

Three open-label RCTs compared MAL-PDT with cryosur-

gery. Two freeze–thaw cycles were comparable in one

study104 and inferior in terms of relapse in another.107 A sin-

gle cycle was inferior in the third study.105 The efficacy of

PDT was confirmed in a meta-analysis in 2014.131 PDT has

also been compared side to side in trials with 5-FU.66 A

right–left comparison of AK treatment on the backs of the

hands showed a similar response for PDT and 5-FU, clearing

lesions in 73% and 70% of cases, respectively. Three studies

showed no difference between PDT and imiquimod.132–134

In a randomized study of 30 patients given up to two treat-

ments with ALA-PDT or one to two courses of imiquimod

(three times a week for 4 weeks), equivalent responses were

seen 6 months after completion of treatment (65% vs.

55%).134 PDT was more effective for grade 2 lesions.

A thin, self-adhesive patch has been developed for self-

application.135,136 In a multicentre RCT involving 449

patients, efficacy with active treatment was 82% after

12 weeks compared with 19% for placebo and 77% for cryo-

surgery. It is advocated as allowing self-application and avoid-

ing the need for pretreatment curettage.

Daylight PDT involves the application of MAL to the skin

without occlusion and subsequent exposure to ambient day-

light. A high-SPF sunscreen without mineral filters is applied

15 min before the photosensitizing cream. Thirty minutes

later the patient spends 2 h outdoors.

Five RCTs in Europe and Australia have confirmed the effi-

cacy of daylight PDT compared with conventional PDT.137–141

This was in mild (grade 1) to moderate (grade 2) lesions on

the face and scalp. Clearance rates of 70–89% were reported.

In European studies daylight PDT can be performed in all

weather conditions,141 but temperatures > 10 °C are advised

for patient comfort. Consensus guidelines have also been pro-

duced.142–144

One comparative study was a right–left comparison of PDT

with ingenol mebutate in grade 1 and 2 lesions (27 patients).
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In both there was a 40% complete response rate, but PDT was

better tolerated.145

8.7 Laser therapy (strength of recommendation B, level

of evidence 1+)

In principal, dermabrasion, chemical peels and laser treatment

should treat AKs, as skin is destroyed to a controlled depth.

The majority of studies treat field change as well as individual

lesions. These physical therapies come with significant risk of

long-term side-effects including hypopigmentation and persis-

tent erythema and scarring. The risk of such problems is

greater with ablative rather than nonablative laser techniques,

which also require anti-infective prophylaxis.146

There are no studies comparing laser treatment with no

treatment or placebo.

A good-quality, prospective, randomized study of 5-FU

(twice daily for 4 weeks) vs. erbium-doped yttrium alu-

minium garnet (Er:YAG) laser in 55 patients demonstrated

significantly fewer recurrences in the laser group at 6 and

12 months, but more erythema and hypopigmentation in the

long term. No data were reported on clearance at completion

of treatment.147

A second prospective randomized trial of CO2 laser vs. TCA

30% vs. 5-FU (twice daily for 3 weeks) with small patient

numbers showed a significant clearance of lesions with all

interventions at 3 months. The authors also claimed a delayed

time to recurrence of NMSC compared with controls, but the

controls were the dropouts from the study.148

Three retrospective case studies of CO2 with or without Er:

YAG lasers show clearance and reduced AKs at follow-up.149

Two of these studies demonstrate 80% and 87% clearance at

12 months.150,151 A split-face study of ablative, fractionated

(i.e. multiple pinpoint treatments) CO2 laser treatment

demonstrated only a short-term reduction in the number of

AKs, not sustained over 3 months.152 One pilot study of non-

ablative fractional laser in 10 patients reported 46% clearance

at 6 months and claimed minimal acute and long-term side-

effects.153

Dermabrasion in open studies clears AKs on the face and

scalp. Coleman et al. treated 23 patients, 96% of whom were

clear at 6 months and 54% at 5 years.154 Winton and Salasche

treated five patients successfully, with complete clearance.155

A simple, prospective case series describing treatment of

individual AKs with phenol 100% applied once a month for

up to a maximum of 8 months in 32 patients reported no

recurrence at 12 months.37

8.8 Combination treatment

There are many trials of combination therapy in the treatment

of AK; they are of two kinds. The first is a serial approach

where one treatment is advocated to follow the other depend-

ing on outcome, or as a specific regimen of pretreatment with

the possibility that the effects of one treatment will maximize,

or consolidate, the response. The second approach is to use a

product with two active ingredients where, for instance, sali-

cylic acid 10% may break down surface keratin and improve

penetration and hence the efficacy of 5-FU 0�5% (see Sec-

tion 8.2.1).

Salicylic acid ointment is sometimes used as a preliminary

to topical 5-FU to remove overlying keratin. Salicylic acid

50% in croton oil has been described as a treatment for AKs

when used in combination with TCA 20% and pretreatment

with topical tretinoin as a serial regimen for facial peel.39 The

ointment base may be acting as an emollient, with some level

of success for grade 1 AK3,57 (see Section 8.1.1).

In a case series, patients were pretreated with diclofenac 3%

gel for 12 weeks followed by cryosurgery for the 29% with

residual lesions. This demonstrated an overall effective

response to this combined management approach, with com-

plete clearance maintained for 6–20 months (mean 10).156 An

open-label multicentre trial of cryosurgery (freeze time of 4–
10 s) followed by diclofenac 3% gel 15 days later for the next

3 months vs. cryosurgery alone found that complete clearance

increased from 21% to 46% with the addition of diclofenac.

The clearance rates for a target lesion were greater at 32% vs.

64%.157 A small, right–left-hand study with 4 weeks’ pretreat-

ment using diclofenac 3% gel and PDT compared with pla-

cebo gel and PDT demonstrated a greater decrease in the

number and thickness of AKs on the side with diclofenac pre-

treatment, at 12 months.158

Diclofenac 3% as pretreatment for 5-FU 0�5% in 10% sali-

cylic acid is also reported as an effective sequential regi-

men.156 There are reports of 5–7 days of 5-FU 5%

pretreatment also being safe and effective in combination with

cryosurgery110 or PDT159 or, alternatively, in combination

with glycolic peels.38 PDT followed by imiquimod twice a

week for 16 weeks was beneficial over PDT and subsequent

vehicle cream alone when undertaken in a split-face study.160

The complete clearance rate was not reported, but the percent-

age reduction in count was significant at 89�9% in the com-

bined treatment side vs. 74�5% on the side treated with PDT

alone. With PDT as the variable rather than imiquimod, PDT

did not appear to improve the efficacy of imiquimod alone,

although the study was small. Similarly, adding imiquimod

5% two times a week for 8 weeks to cryosurgery does not

appear to improve on cryosurgery alone.

An alternative regimen has been studied for hypertrophic

AKs on the forearms and the dorsa of the hands. Imiquimod

3�75% was used following a double, 5-s freeze–thaw cycle,

randomized to the right or left arm and applied in up to two

sachets per night for 2 weeks, followed by a 2-week break

and a further 2 weeks. The comparison was cryosurgery alone

on the other arm. Complete cure was not an end point, but

there was a greater level of clearance in the combination arm

(76%) than the control arm (38%). This difference did not

emerge until 10 weeks after cryosurgery (4 weeks after com-

pletion of imiquimod), and maximized at the end of assess-

ment at 14 weeks.87 Randomizing to 5-FU 0�5%, 1 week

after cryosurgery resulted in nonsignificant improvement over

cryosurgery alone.161
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Key recommendations: physical and systemic therapies

• Education at the outset of using physical therapies is

important to ensure a full understanding of the side-

effects, which can be marked and include scarring and

altered pigmentation.

• Cryosurgery is a flexible and effective form of lesion-

based physical therapy that removes the patient involve-

ment in their own care and requires administration in a

service with cryosurgery.

• Curettage can be warranted for thicker (grade 3) AKs,

where they are resistant to topical therapy and where there

is suspicion that they may represent early SCC. Histology

must always be obtained. Diagnostic biopsy may be war-

ranted on the same basis, but is subject to sampling error.

• PDT is an effective treatment for confluent AKs, such as

on the scalp, which are difficult to manage or resistant

to treatment in the absence of invasive disease.

• PDT has low scarring potential and less risk of poor

healing in comparison with other physical therapies at

vulnerable sites such as the lower leg.

• Pretreatment with topical therapy can increase the effi-

cacy of physical therapies.

• Failure of an individual lesion to respond to physical

therapy indicates a need for further evaluation. This

could include formal excision.

• Systemic therapy is usually given in the context of mul-

tiple grade 3 AKs, a history of serial SCCs and immuno-

suppression. Therapy might be preventive with a

retinoid and should be undertaken as part of a multidis-

ciplinary decision, which might include alternatives such

as the reduction of immunosuppression.

9.0 Special considerations

9.1 Body sites (strength of recommendation C, level of

evidence 2+)

The data from available treatments indicate that some treatments

are more adaptable than others and that morbidity varies with

location. The balance of issues determined by location, charac-

teristics of the AKs and nature of the patient are summarized in

Table 3. The scoring is based on the authors’ evaluation of effi-

cacy, ease of use, morbidity and cost-benefit.

9.1.1 Periocular

The main consideration for treatment of periocular AK is the

risk of adverse events involving the eye. All products licensed

for treatment of AK have cautions in the PIL and/or summary

of product characteristics concerning getting treatment in the

eye. Creams used near the eye can smear into it, and inflam-

mation caused by local destructive or inflammatory treatments

such as cryosurgery may impinge upon the eye either directly

or indirectly. Typically, liquid nitrogen is used with a contact

probe, ensuring that cold vapour does not damage the eye.162

Studies undertaken in ophthalmology suggest that treatment

is possible with close supervision. Treatment can be combined

with care of the eye. In a case series of 14 patients treating

periocular skin with 5-FU 5% twice daily for 2 weeks, antibi-

otic ointment was coprescribed and used until the area had

healed.163 Six of the 14 AKs were on the upper eyelid and

nine abutted a lid margin. Five patients required a second

course of treatment, but overall clearance was complete in all

cases and remained so for a mean follow-up period of

38 months. Two patients had transient inflammatory side-

effects affecting the eye. The potential precision of application

of 5-FU 0�5% in 10% salicylic acid in a collodion base might

make it a useful alternative to cream formulation, but there

are no data on this.

A retrospective study of the use of imiquimod 5% cream

for a range of periocular actinic lesions identified 47 patients

mainly with AK, mainly on the lower lid.164 Conjunctivitis

occurred in 15 and six had ocular stinging, with conjunctivitis

in three for over 2 weeks. Antibiotics were needed in three,

for preseptal cellulitis in two of them. Nine patients discontin-

ued imiquimod due to ocular irritation and conjunctivitis, of

whom four patients recommenced and finished the treatment

after a rest period. At a mean follow-up of 16 weeks, 34

(72%) patients had clinical clearance of the periocular lesions

and no patient had any residual ophthalmic side-effects from

imiquimod.

There is no good literature on diclofenac gel or ingenol

mebutate, but both the PIL and product licence emphasize the

importance of avoiding contact of the product with the eyes.

9.1.2 Ears

The ear is a common site for the presentation of AK and

SCC. The risk of metastasis is higher when SCC arises on

the ear. This means that the context of treatment is slightly

different at this site than at others. The wish to treat AK

with a view to avoiding evolution to SCC may be a greater

priority. Histological diagnosis of any thicker AKs to

differentiate them from invasive SCC by shave biopsy or

excision is recommended. These interventions may represent

treatment of such AKs or a preliminary to treatment of

SCC.

9.1.3 Forearm and hands

Actinic keratoses on the dorsum of the hand are often multiple

and hyperkeratotic. Early management with topical therapy or

PDT may reduce the need for surgical interventions later. The

skin is more tolerant of the side-effects of inflammatory treat-

ments and hence permits prolongation of the course of treat-

ment in some instances. This may be required due to the

thicker skin or hindrance to treatment penetration by keratin

in thicker AKs. Combinations of salicylic acid and 5-FU or

curettage can be useful elements of treatment for the grade 3

AKs found on the forearm and back of hands (see Sec-

tion 8.8)
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9.1.4 Below the knee

Actinic keratosis below the knee are often mixed with SCC

in situ, a disposition to NMSC, including atypical BCCs and

other actinic changes. They are a feature of elderly sun-

exposed legs and often coincide with decreasing ability to

heal. Treatments need to find the right balance between

managing the disease and causing complications, which

include nonhealing and soft-tissue infection. Treatment is

likely to be intermittent, low intensity and chronic; most

reports are case series with small numbers. Infrequent or

pulsed application of 5-FU has been employed,68 as has more

intensive treatment using 5-FU chemowraps.165 This entails

the application of 5-FU 5% once a week under an occlusive

bandage for 7 days over a period of 4–8 weeks. Gaps in treat-

ment can be needed where skin breakage develops.

Diclofenac 3% gel might be employed with the expectation

of fewer side-effects, but possibly less benefit. PDT is used on

the lower legs, particularly where there may be problems with

healing.

Key recommendations: special sites (Table 2)

• Poor healing sites such as below the knee in the elderly

require flexible regimens, heightened supervision and

consideration of less destructive treatments such as PDT.

• The ears are commonly affected by AK and require

attention early in respect to all modalities of treatment,

including preventive action with a broad-brimmed hat

and sunscreen.

• Grade 3 AKs on the ear may warrant curettage early to

obtain histology and avoid missed early SCC.

• The skin of the dorsum of the hands can be more resis-

tant to treatment than the head and neck, and warrants

extended periods of topical therapy.

• All licensed treatments include warnings about use near

the eye. Periocular AK needs careful assessment in sec-

ondary care. Topical treatments may be possible, but

clear guidance and supervision are needed.

9.2 Immunosuppressed patients

Data on the epidemiology and natural progression of AK in

the immunosuppressed are less detailed than in the normal

population. The risk of progression to SCC is likely to be

higher, and therefore there is a greater need for treatment of

AK. Wallingford et al. highlighted the need to monitor trans-

plant patients with field-change AK disease.166 Within a large

cohort of renal transplant patients, nearly one-third were

found to have AKs. Of these, half were isolated AKs and half

were AKs within a field of AK and actinic change. In the sub-

sequent year, the rate of development of SCC associated with

the isolated AK was 7%, in comparison with 21% of those

with field change, most of which (11 of 15) arose within the

field. Other differences between the two groups were that the

patients with isolated AKs tended to be transplanted later in

life and had a shorter duration of immunosuppression.166

Anecdotal and limited trial data suggest that treatments for

AKs in transplant patients are less effective than in the general

population,53 perhaps because AKs are more proliferative and

hyperkeratotic in this group or because new lesions appear

rapidly in the treated site. One study in transplant recipients

failed to demonstrate a reduction in the development of sub-

sequent skin cancers in those areas of skin previously treated

for AKs with PDT.51 Where safety studies are undertaken in

transplant patients they appear to demonstrate reactions similar

to those in nontransplant patients.167

9.3 Follow-up

There are no data concerning the benefit of follow-up in

patients with AKs. Patients and their carers should be educated

regarding changes that suggest malignancy. Those at high risk

of NMSC, such as organ transplant recipients, may warrant

follow-up; the presence of at least 10 AKs is an indicator of

this risk.18

Where treatments are likely to require evaluation and

adjustment, follow-up in primary, intermediate or secondary

care is needed. This could be by any member of the health-

care team with validated competencies in the safe and effective

management of AK. Current NHS guidance suggests that

patients with AK should be managed in primary care. Where

this is a sole pathology and not complicated by NMSC or

other factors, the patient should be provided with information

to enable ongoing diagnosis and care.

9.4 Treatment failure

All treatments have some risk of failing to achieve clearance of

an individual lesion. Where this is the case, the reason for fail-

ure needs assessment, where one of the possible explanations

might be that the diagnosis is incorrect. Lesions within the

differential diagnosis of AK include SCC in situ, invasive SCC,

seborrhoeic keratosis, actinic porokeratosis, viral wart and

others. Depending on the outcome of this clinical assessment,

treatment might be escalated in intensity, duration or type, or

the lesion might be biopsied or treated surgically.

An alternative interpretation of failure is that the patient

continues to get new AKs. This is not true failure, but more

an illustration of the nature of the disease. Once someone is

diagnosed with AK, they are likely to need intermittent, life-

long treatment.

10.0 Economic considerations

Table 3 summarizes the cost-effectiveness of therapy.

It is likely that the number of treatment episodes for AK

will increase. Australian Medicare data demonstrate an increase

of 160% between 1994 and 2012 in claims for use of cryo-

surgery to treat 10 or more AKs. Many studies have tried to

assess the cost-effectiveness of treatment for AK.168–171 How-

ever, the methods of calculation and the different healthcare

systems and their ways of funding prevent comparison.

© 2017 British Association of DermatologistsBritish Journal of Dermatology (2017) 176, pp20–43

36 Guidelines for actinic keratosis 2017, D. de Berker et al.



Two nonindustry studies have been published from the

U.K. Wilson tried to compare the cost of PDT and imiquimod,

taking into account quality of life.172 The author comments

that a head-to-head study of imiquimod vs. PDT was required

to enable more accurate calculations. Muston et al. used effi-

cacy data from the literature to assess the cost–benefit ratio

and reported that the costs and effectiveness of PDT compare

well with other treatments for AK.173

At a practical local level, prescriptions that enable the

patient to re-treat, extend treatment or treat new areas have an

inherent economic value and enable the patient to exercise

their judgement. Imiquimod and ingenol mebutate are dis-

pensed in aliquot packages that are single-treatment doses and

provided in a number to complete a course of treatment. This

tightly defines the cost per course of treatment and the terri-

tory that can be treated. By contrast, Gibbs and Davis noted

that patients used only 31% of the content of a tube of 5-FU

5% in a single course of treatment, which enables substantial

flexibility in the course and territory of treatment.174,175

11.0 Future directions

Future directions need to address the human element of bear-

ing the long-term diagnosis of AK and the technical challenges

of treating AK effectively with low morbidity and acceptable

cost. The clinical challenge comprises an ageing person with

barely symptomatic dry areas of skin. Education, prevention

and empowerment at this stage may help avoid the situation

in 10–20 years where multiple untreated AKs accumulate and

the patient presents with advanced AKs mingled with possible

SCCs. The earliest stage in the prevention strategy shares

ground with strategies for the avoidance of skin cancer, and

equally shares its concerns of compromised vitamin D levels

and loss of the indirect benefits of UV exposure. Collaborative

work between patient groups and primary and secondary care

should aim to find a suitable balanced approach to global care

of patients with this diagnosis.

Technical assessment of the efficacy of treatments should

continue, but using a standardized model of reporting. Review

of data of AK treatment illustrates the variety of end points in

studies, which makes comparison between them difficult.

These include percentage clearance of lesion number within a

person, percentage of people within a study having complete

clearance, percentage of target lesions clearing, and mathemat-

ical models with projected AK behaviour based on within-

study data.

The time points at which these measures are defined also

vary and have the scope to alter the result greatly. Treatments

have optimum times when their outcome is at its best, which

can be up to 10 weeks after completion of treatment in the

case of imiquimod. Equally, in the setting of a chronic relaps-

ing and remitting disease, 12- and 24-month evaluation

points are relevant. As AK is a multifocal manifestation of sun

damage, AKs within a zone at 12 months may represent a

mix of relapse and new lesions, which can further complicate

quantitative assessment. Examples of all this are found in the

studies referenced in this guideline.

Areas of uncertainty in the treatment of AK that require fur-

ther studies include (i) measurement and relevance of vitamin

D and (ii) prospective studies looking at the effect of treat-

ment of AKs on subsequent SCC reduction.

12.0 Recommended audit points

In the last 20 consecutive patients with AK is there clear docu-

mentation of:

• the location of the AKs indicated on a drawing or a

head and neck or body map;

• the grade or bulk of the AKs (e.g. grade 1, 2, 3 or

descriptive; see Table 1);

• treatment modality and dosage;

• information (e.g. a PIL or other suitable source of infor-

mation) provided to the patient on side-effects of treat-

ment, where relevant;

• the patient having received information on the name

and nature of their diagnosis;

• information provided for the GP in diagnosis and future

management, in primary care where relevant.

The audit recommendation of 20 cases per department is to

reduce variation in the results due to a single patient, and to

allow benchmarking between different units. However,

departments unable to achieve this recommendation may

choose to audit all cases seen in the preceding 12 months.

13.0 Summary

The findings are summarized in Table 2. See the text for

details of evidence.

Actinic keratoses are a multifocal manifestation of sun dam-

age, comprising a spectrum of clinical complaint and pathol-

ogy. They are relapsing and remitting and constitute a chronic

disease. Most patients can be diagnosed and managed in pri-

mary care. In many instances, management may entail little or

no medical treatment other than advice on sun avoidance and

self-monitoring. Where there is clinical concern or the patient

specifically wants treatment, therapy can be employed taking

into consideration the specifics of the situation. If there is

diagnostic concern or failure to respond to first-line treatment,

a histological specimen, such as obtained at curettage, shave

or formal excision, may be diagnostic and curative. Where

AKs are multiple or confluent, at sites of poor healing or with

poor response to standard therapies, PDT may be helpful. Such

patients may also warrant long-term follow-up for the associ-

ated increased risk of NMSC.
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Appendix 1

Levels of evidence

Appendix 2

Strengths of recommendation

Class Evidence

A At least one meta-analysis, systematic review or RCT rated as 1++, and directly applicable to the target population, or
A systematic review of RCTs or a body of evidence consisting principally of studies rated as 1+, directly applicable to the target

population and demonstrating overall consistency of results, or
Evidence drawn from a NICE technology appraisal

B A body of evidence including studies rated as 2++, directly applicable to the target population and demonstrating overall consistency
of results, or

Extrapolated evidence from studies rated as 1++ or 1+
C A body of evidence including studies rated as 2+, directly applicable to the target population and demonstrating overall consistency

of results, or

Extrapolated evidence from studies rated as 2++
D Evidence level 3 or 4, or

Extrapolated evidence from studies rated as 2+, or
Formal consensus

D (GPP) A good practice point (GPP) is a recommendation for best practice based on the experience of the Guideline Development Group

RCT, randomized controlled trial; NICE, National Institute for Health and Care Excellence.

Level of evidence Type of evidence

1++ High-quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias
1+ Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias

1� Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of biasa

2++ High-quality systematic reviews of case–control or cohort studies. High-quality case–control or cohort studies with a
very low risk of confounding, bias or chance and a high probability that the relationship is causal

2+ Well-conducted case–control or cohort studies with a low risk of confounding, bias or chance, and a moderate probability
that the relationship is causal

2� Case–control or cohort studies with a high risk of confounding, bias or chance and a significant risk that the relationship
is not causala

3 Nonanalytical studies (for example case reports, case series)
4 Expert opinion, formal consensus

RCT, randomized controlled trial. aStudies with a level of evidence ‘�’ should not be used as a basis for making a recommendation.
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