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Abstract
Actinic keratosis (AKs) is one of the most common skin lesions leading to an incre-
ased risk of developing squamous cell carcinoma and other skin malignancies. The
lesions principally arise as a result of excessive ultraviolet (UV) exposure. AKs may
regress spontaneously, remain stable or evolve to invasive squamous cell carcino-
ma. The risk of squamous cell carcinoma is significantly increased patients with mo-
re than 5 AKs. The main mechanisms involved in the formation of AK are inflamma-
tion, mutagenesis, oxidative stress, impaired apoptosis, immunosuppression, disre-
gulation of cell growth and proliferation, and tissue remodeling. Human papilloma
virus has also been correlated with the formation of some AKs. As an individual ages,
his skin is exposed to increasing cumulative amounts of UV light and other environ-
mental insults. This is especially true for the head, neck and forearms. These insults
do not target only the skin where individual lesions develop, but also the surrounding
area. In this area undetectable preclinical AK lesions or dysplastic cells may be pre-
sent. The whole affected area is known as the 'field'. Therefore, management is di-
vided into lesion-directed and field-directed therapies. Currently, the therapies in
use are lesion-directed cryotherapy and/or excision, and field-directed topical agents:
5-fluorouracil, diclofenac, photodynamic therapy, imiquimod, and ingenol mebuta-
te. Combining lesion- and field-directed therapies showed good results and several
novel therapies are under investigation. Treatment is variable and personalized, what
makes a gold standard management algorithm difficult to design. This review aims
to describe the rationale behind the available treatment options for AKs based on
current understanding of pathophysiology and epidemiology. (J Dermatol Case Rep.
2015; 9(2): 29-35)
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Introduction
Actinic keratoses (AKs) are the most common lesions within

the continuum of SCC. AK may follow 3 different pathways:
regression, persistence or progression to in situ or invasi-
ve SCC, which rarely metastasizes. Even though today the
risk of an AK’s progression to invasive SCC is unclear, the
rate varies from the lowest 0,1% to the highest as 20%. For
a patient affected by multiple AK lesions, the risk to deve-
lop an invasive cutaneous SCC is between 0.15% and 80%.
The relative risk of SCC increases for patients affected by
more than five AK lesions. It has been shown by histologic
evidence that most of SCC arises from AK lesions whereas
it is not possible to predict which AK lesions will advance

to SCC; for these reasons they should be treated as early
as possible.1 AKs are common among fair-skinned indivi-
duals, and they typically appear on sun-exposed areas. In
Australia, for example, 40-50% of the Caucasian population
over the age of 40 years develops AKs.2-3

In the United States, the prevalence ranges from 11 to 26%,
whereas in Europe 15% of men and 6% of women have been
reported to be affected4 (in Italy the prevalence is 1,4%,
however it is believed that this estimate is largely biased by
underreport). People who have the tendency to sunburn
and have difficulty to tan (Fitzpatrick II) are exposed to high
levels of risk of adverse effects of UV radiation. Older age,
male gender, cumulative UV exposure, proximity to the
equator and immunosuppression are other factors of risk
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to develop AKs.5 Individuals with AKs tend to evolve into
6-8 lesions on average and they appear commonly on the
head (Fig. 1), bald scalp, face, dorsal forearms and hands.

Immunocompromised patients (undergone, for example,
organ transplantation and, therefore, immunosuppressive
therapy) are up to 250 times more likely to develop AK. Ty-
pically they occur as 1-3 mm erythematous scaly papules
with a hyperkeratotic texture, therefore, they are best iden-
tified through a touch inspection rather than visual inspec-
tion alone. Single AKs lesions are also present, and both sin-
gle and multiple lesions grow slowly, from small (less than
1 cm in diameter), dry, flesh-coloured, or erythematous pa-
pules they advance to large plaques, with telangiectasias,
often covered by yellow or brown adherent scales, and,
except in their hypertrophic form, they show little infiltra-
tion.6-7 The surrounding areas may also show evidence of
chronic sun damage with telangiectasias and yellow disco-
loration. AKs on the back of the hands or on the forearms
are often thick and hyperkeratotic wherease on the head
and neck are usually thinner. Occasionally, lesions develop
marked hyperkeratosis and may occur with cutaneous horns.
When the horn-like material is removed, a reddened and
partly fissured substrate appears and 15.7% of these cuta-
neous horns 15.7% are squamous cell carcinoma.8 Accor-
ding to the clinical presentation, we distinguish three diffe-
rent grade of AK: grade I visible and slightly palpable; grade
II visible and palpable; grade III frankly visible and hyperke-
ratotic. The normal AK’s development is for hard horny pro-
liferations ("verrucous keratosis").9-10 Other AK’s clinical va-
riants include lichen planus-like keratosis and actinic cheili-
tis. The clinical features usually suggest the diagnosis of AK;
however, in order to exclude deeper involvement, particu-
larly when there are large, bleeding, ulcerated, or indurated
lesions, the biopsy is used.

Genetics and histology
The adverse effects of UV radiation on keratinocyte DNA re-

sults into actinic keratosis. reducing the skin immunity.11-12

Mutations involved in the development of AK and increased
risk of AK’s progression into SCC are p16 (INK4a) (on chro-
mosome 9p21)13, p14 (ARF), p15 (INK4b) and p5314. UV-A
(320-400 nm), the most abundant source of solar radiation,
penetrates the skin more deeply than UV-B, leading to the
nucleic acids’ oxidative damage, membrane lipids and cell
proteins damage, producing reactive oxygen species (ROS).15

These ROSs affect the cellular transduction pathways and
cell-cell signaling, causing altered proliferation.16 Thymine
(T) — guanine (G) is the signature mutation of UV-A, due
to the formation of 8-hydroxyguanine adducts. UV-B (290-
320 nm) radiation directly leads to the formation of cyclo-
butane pyrimidine dimers and 6-4 photoproducts, which in
turn give rise to the characteristic cytosine (C) - T and CC
-TT mutations.17 Further, p53 (a tumor suppressor protein)
inactivation by UV-B light is a crucial step in the AKs deve-
lopment, creating genetically unstable keratinocytes. Muta-
tions in the TP53 gene have been reported in 90% of human
cutaneous SCCs.18 It has been shown that the main func-
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Figure 1

Actinic keratosis of the face.

Figure 2

Actinic keratosis of the scalp.

Figure 3

Successful teatment of actinic keratosis with ingenol mebutate

after 15 days.



tion of p53 in mice is to protect the skin cancer induction
by UV light. In fact, the absence of functional repair genes,
such as p53, other DNA mutations go on to promote the
carcinogenesis. Moreover, absorbed UV light increases the
arachidonic acid production and its metabolites, and other
pro-inflammatory cytokines. Furthermore, reactive oxygen
species induce lipid peroxidation and cellular destruction.19-20

Therefore, the main mechanisms in the development of AK
are inflammation, oxidative stress, immunosuppression, im-
paired apoptosis, mutagenesis, cell growth dis-regulation
and proliferation, and tissue remodeling.21 This knowledge
is the basis of AK medical management. The AK’s ability to
regress or progress to SCC, it has been considered as pre-
malignant, however many publications suggested as more
appropriate its reclassification as "cancerous".22-23 Cockerell
proposed to use the "keratinocyte intraepidermal neoplasia"
(KIN) nomenclature, conforming to the classification used
for cervical intraepithelial neoplasia.24 Recently, cutaneous
human papilloma virus (HPV) infection has been associated
with AK development.25 The exact mechanism has not been
completely understood, but the E6 protein of cutaneous
HPV seemed to contribute to the reduction of Bak protein
levels. It has been reported that E6 protein shows pro-apop-
totic effects and it is activated as a protective mechanism in
keratinocytes exposed to UV light.26 It is a challenge to
distinguish between AK and early SCC because they share
several cellular and histopathological features. A common
definition is based on the relative depth of dysplastic cells
within the skin. AKs can be anatomically defined as a basal
layer epidermal lesion that may extend involving the both
granular and cornfield layers.27 Since the epidermis basal
layer is the site of dividing cells the disease begins there.
Bowen’s disease (squamous cell carcinoma in situ) lies at
the more extensive end of the epidermal involvement spec-
trum, but it remains largely indistinguishable from AK at cel-
lular level. Invasiveness of the SCC is defined by its exten-
sion beyond the epidermis, through the basement membra-
ne and into the dermis. However, at the diagnosis the Bo-
wen’s disease must be considered a malignant tumor, con-
tained within the epidermis with potential for lateral spre-
ad and of becoming invasive. Distinguishing histologically
between Bowen’s disease and SCC, especially when the
SCC is very well differentiated and dermal protrusions are
smooth edged, it is still a challenge. Padilla et al,28 by a gene
expression profiling, demonstrated that AK is a precursor
lesion of the SCC, and that they are closely related geneti-
cally. This study shows that AK lies on a spectrum between
normal skin and SCC. It has also been discovered that re-
duced p53 immuno-staining analysis of AK is associated
with a greater probability that those lesions might develo-
pe into SCC.29 This may help in the future to predict which
biopsied lesion is more likely to require early or surgical in-
tervention.

Therapy and field cancerization
Removal of the lesion, which is the most common thera-

py for individual AKs, should always be considered for iso-

lated lesions or early presentations of AKs. Other therapies
include the destructive kinds such as liquid nitrogen cryo-
therapy, curettage with or without electrodessication, and
shave excision.30 These are procedurally simple, quick and
provide adequate clearance of abnormal tissue although they
fail to address field cancerization.

Cryotherapy
Cryotherapy to the affected area works by destroying aty-

pical AK cells by lowering the skin temperature. This tech-
nique is ideal if lesions are scattered or limited in number,
or for patients who are non-compliant with topical regimes.
Reported cure rates range from 39 to 83%. Cryotherapy with
liquid nitrogen is the most frequently used technique.
Cryotherapy is generally well-tolerated and does not require
local anesthetic but it can be painful and frequently result
in permanent hypopigmentation.31 Blisters, scarring, textural
skin changes, infection, and hyperpigmentation are some of
the potential side-effects.

Curettage
Curettage involves using a curette to mechanically remove

atypical cells. A shave excision using a surgical blade can
also be applied to excise the abnormal cells. Currettage and
shave excision may also be followed by electrocautery to
destroy additional atypical cell layers as well as provide he-
mostasis. They are most appropriate for treating individual
AKs, cases where a biopsy is required to rule out frank car-
cinoma, or for hypertrophic AKs that are refractory to other
treatments. Studies that document cure rates using these
treatment modalities are lacking. Potential side-effects may
include scarring, infection, anesthetic related side-effects,
and dyspigmentation.

Topical Field Therapy
Generally, physicians are faced with field cancerization

where the patients are covered in actinic damage. This de-
scribes both clinical and subclinical lesions within a given
anatomical region, for which patients need a different the-
rapeutic approach, known as field therapy.

The term originally coined by Slaughter et al. in 1953 re-
ferred to histologically abnormal epithelium adjacent to tu-
mor tissue within the aero digestive region to explain the
occurrence of multiple primary tumors local recurrences.

Field therapy involves eradication of both the clinically vi-
sible and subclinical AKs within the treatment area.32

Topical 5-fluorouracil
The antimetabolite 5-fluorouracil (5-FU) was the first ap-

proved topical field therapyserendipitously discovered when
AKs were observed to become inflamed and subsequently
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resolved in cancer patients receiving systemic 5-FU as a che-
motherapeutic agent. It was eventually designed into an ef-
fective topical formulation which acts as a thymidylate syn-
thase inhibitor by blocking a methylation reaction which
then in turn disrupts DNA and RNA synthesis and effective-
ly stops the growth of the rapidly proliferating atypical cells
over normal cutaneous tissue.33 The average cure rate is
62.5% however, for optimal results, full patient adherence
is necessary. Also, concurrent treatment with topical treti-
noin has been shown to enhance 5-FU’s effectiveness.

Patients undergoing successful treatment generally expe-
rience erythema, inflammation, and erosions. Other com-
mon side-effects include pain, pruritus, photosensitivity, and
burning at the site of application. Topical 5-FU should not
be used in cases where patients also suffer from other cu-
taneous conditions, such as melasma or acne rosacea.34-35

Diclofenac
The nonsteroidal anti-inflammatory drug, Diclofenac (3%

gel) is believed to exert its effects through the inhibition of
cyclooxygenase (COX), especially COX-2. Without COX,
prostaglandin production that suppresses the immune sys-
tem allowing tumor formation is reduced and the cascade
is disrupted. The treatment regimen is vigorous (twice-daily
for 90 days) but only mild to moderate local skin reactions
have been observed. Rare, drug-induced hepatotoxicity has
been reported. Transaminases should therefore be measu-
red periodically in patients receiving long-term therapy.33

Imiquimod
Topical 5% imiquimod cream (Aldara®) originally indica-

ted as a treatment for genital and perianal warts36 and used
off label to treat Bowen’s disease, invasive SCC, lentigo ma-
ligna, molluscum contagiosum, keloid scars, and other di-
seases, was later approved for treating AKs and superficial
basal cell carcinomas. Imiquimod disrupts tumor prolifera-
tion by acting as a toll-like receptor-7 agonist that modifies
immune response and stimulates apoptosis. Stockfleth et
al.4 showed that 84% of treated AKs showed clinical clearan-
ce with one 12-week cycle of 5% imiquimod therapy but lo-
cal irritant reactions are common. That was associated with
long duration of application (twice-weekly for 16 weeks),
makes treatment adherence challenging. Both visible and
subclinical AKs can be targeted by administration to the le-
sion and surrounding tissue targets. Systemic effects, such
as fatigue, flu-like symptoms, headaches, myalgias, and an-
gioedema are rare. Recently, regulatory approval was gran-
ted by Health Canada in December 2009 and by the US FDA
in March 2010 to imiquimod 3.75% (Zyclara™) for the tre-
atment of AKs on the face or balding scalp. Two identical
placebo-controlled trials have evaluated the safety and effi-
cacy of imiquimod 3.75%. In the trial carried out by Swan-
son et al., creams were applied daily to the entire face or
balding scalp for two 2-week treatment cycles separated by
a 2-week interval without treatment. Patients applying imi-

quimod 3.75% achieved a median lesion reduction of 82%,
while just over one-third demonstrated complete clearan-
ce. These efficacy data rival those achieved using imiquimod
5% twice-weekly for 16 weeks, with the advantage of signi-
ficantly improved patient tolerance exhibited by the lower
dosage. The therapy was found to be safe and did not result
in any serious adverse events. Erythema was observed in
most patients, with about 25% developing severe erythema.
However, no patients withdrew from the study because of
this; compliance rates were noted to be greater than 90%.
Overall, the newly approved imiquimod 3.75% is a reaso-
nable alternative to imiquimod 5%, as it demonstrates com-
parable efficacy, allows for a much simplified, shorter do-
sing regimen, and seemingly yields less severe adverse ef-
fects. Furthermore, imiquimod 3.75%37 is approved for the
treatment of a larger surface area of up to 200 cm2, when
compared with 25 cm2 for the 5% formulation and is thus
able to target more AKs.

Ingenol mebutate
In January 2012, the FDA approved ingenol mebutate gel

(Picato, Leo Pharma, Inc.) for the topical treatment of AK.
Ingenol mebutate, an active compoundfound in the sap of
the Euphorbia peplus plan is known forits dermatological
uses, including the treatment of cancerous lesions. This me-
dication treats AK lesions by rapidly inducing cell death.

The P-glycoprotein absorptive drug transport enables to-
pical ingenol mebutate to pass the stratum corneum barrier
and exerts its action in the dermis and hypodermis directly
and indirectly through local production of inflammatory cy-
tokines. This causes initial tumor ablation, which is charac-
terized by rapid disruption of plasma membrane and sub-
sequent mitochondrial swelling followed by cell death via
primary necrosis.38 The second phase is marked by local
acute inflammatory response due to neutrophil infiltration.
During the third and last phase, tumor-reactive antibodies
are induced and relapses are avoided through antibody-de-
pendent neutrophil cytotoxicity eliminating residual cancer
cells. Ingenol mebutate is a protein kinase C (PKC) pathway
activator. Consequently, it targets and damages the sub-epi-
dermal intrinsic tumor vasculature. PKC delta activation
slows cell proliferation, induces cell cycle arrest, and enhan-
ces differentiation in various undifferentiated cell lines. Ad-
ditionally, it promotes apoptosis of caspases, increases sta-
bility of p53, and promotes phosphorylation of signaling
molecules.

The application of the gel results in rapid destruction of
AK lesions, so that treatment is needed for only 2-3 days.

Systemic absorption following topical application of inge-
nol mebutate is negligible. Blood levels of the drug and its
two metabolites are below the lower limits, defined as less
than 0.1 ng/mL, and its metabolites have been shown to
have no effect on the cytochrome P450 (CYP) enzyme sys-
tem. No drug interactions have been attributed to ingenol
mebutate. Ingenol mebutate is available in two strengths,
0.015% and 0.05%.39 The 0.015% strength is indicated for
AKs of the face and scalp (Fig. 2). The gel is applied to the
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affected area once a day for 3 consecutive days ona surfa-
ce area of 25 cm2. AK of the trunk and extremities (i.e. bo-
dy, arms, hands, and legs) should be treated with the 0.05%
gel and should be applied to the affected area once a day
for 2 consecutive dayson a surface area of 25 cm2. Regardless
of the strength, patients should be advised to use a new tu-
be for each day of treatment. All tubes should be stored in
the refrigerator.

Application-site reactions such as pain, itching, irritation,
infection, periorbital edema, nasopharyngitis and headache
are some of the adverse reactions commonly observed in
clinical trials.40-41 The most common local skin responses
were dose-related erythema, flaking/scaling/dryness, and
scabbing/crusting that resolved within one month. Given
the dual mechanism of action involving primary necrosis
and concurrent inflammation; these adverse effects are not
entirely unexpected. Moreover, important safety end points
such as treatment-related scarring and pigmentary changes
were not evident with the topical therapy.

Clinical findings ranging from mild epithelial keratocon-
junctivitis to severe keratitis have made periocular area unsu-
itable for application. Safety in pregnant females and chil-
dren less than 18 years of age has not been established.

The main advantage of the ingenol mebutate therapy is
that similar degrees of efficacy can be achieved with only
two or three daily applications. Two immediate benefits evi-
dently derive from the short exposure to ingenol mebutate.
The first benefit is the relatively rapid resolution of local re-
actions. On the face or scalp, where irritation is most noti-
ceable, the peak local-skin-response score was recorded on
day 4: the score declined rapidly thereafter and local reac-
tions were almost resolved by the day 15 visit (Fig. 3). The
second benefit regards the short duration of treatment, which
may result in very high (>98%) adherence to the therapy,
thus contributing to the effectiveness of ingenol mebutate.42

Several patients find it difficult to adhere to the currently
available regimens of topical treatment that last for periods
of 1 to 4 months — this may result in "real-world" effective-
ness lower than that that achieved in supervised and pa-
tient-compensated clinical trials. The lack of response to tre-
atments with imiquimod and fluorouracil may be due to
failure in completing the regimens.

Ingenol mebutate, a new topical field therapy to address
this common, chronic skin condition, can offer several ad-
vantages over other AK treatments currently on the market.

Procedural Field Therapy
Procedural field therapies may be an appropriate option

for patients who: require minimal down time, are unlikely
to adhere to a topical approach, have AKs resistant to topi-
cal therapy, or favor an optimal cosmetic result. Treatment
options for procedural field therapy include: photodynamic
therapy, manual dermabrasion, laser resurfacing, cryope-
eling, and chemical peels. Each of these techniques treats
AKs by destroying the superficial layers of the skin through
physical or chemical means.

Photodynamic Therapy
Photodynamic therapy (PDT) is a procedural field thera-

py that uses topical 5-aminolevulinic acid (ALA) or methyl
aminolevulinate (Metvix®/Metvixia®) to target AKs. These
molecules preferentially find their way into the hyperproli-
ferating cells, which lack normal cell to cell adhesion junc-
tions, and are converted intracellularly to protoporphyrin IX
(PpIX). This photosensitizer is then exposed to blue or red
light, which corresponds to the peaks in the absorption spec-
trum of PpIX and results in a phototoxic reaction destroying
the abnormal cell. 20 PDT is effective for the treatment of
multiple and diffuse AKs, and its cosmetic results are gene-
rally excellent.43 However, it is not ideal for treating thicker
or deeper AKs and is normally reserved for patients who
exhibit an inadequate response to topical field therapy or
cryosurgery. Patients may experience erythema, edema, and
a burning sensation during the light therapy.44

Conclusion
There is no widely accepted algorithm for the treatment

of AKs. In many patients various different treatment regi-
ments must be employed in order to successfully manage
AKs, especially in widespread or resistant cases. As usual,
the best way to manage AKs is prevention, i.e. avoiding
exposure to significant or unnecessary UV radiation. Enco-
uraging patients to wear broad-based sunscreens, wide-
brimmed hats, sunglasses, and to avoid exposure during
peak hours may help prevent recurrence or limit the pro-
gression of AKs.
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