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ABSTRACT
Actinic keratosis is responsible for more than eight million visits to dermatologists and primary care physicians

annually. Actinic keratosis, the result of chronic sun damage to the skin, is closely linked to nonmelanoma skin cancer,
both histologically and pathophysiologically. Clinical evidence shows that not only does actinic keratosis have the
potential to progress and transform into nonmelanoma skin cancer, but it also may in fact be an early stage of cancer. The
treatment of actinic keratosis is evolving from a “treat-as-you-go” strategy to a more preventive approach to curtail the
potential emergence of nonmelanoma skin cancer. As the interrelationship between actinic keratosis and nonmelanoma
skin cancer, squamous cell carcinoma, and basal cell carcinoma continues to strengthen, treating actinic keratosis as part
of a preventive strategy to reduce nonmelanoma skin cancer is coming to the forefront. The following review of the
relationship between actinic keratosis and nonmelanoma skin cancer discusses the rationale for early actinic keratosis
treatment to prevent or reduce nonmelanoma skin cancer occurrence.  (J Clin Aesthetic Dermatol. 2010;3(6):39–44.)
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Actinic keratosis (AK) is a common skin disease
characterized by cutaneous lesions on the sun-
exposed areas of fair-complected Caucasians.1 AK

prevalence in the United States and Australia has ranged
from 11 to 26 percent in studies,1 and one study found that
approximately 19 percent of Australians older than 40 years
of age without a history of AK at study start developed one
or more AKs within 12 months.2

AK was the primary diagnosis for 4.55 million visits to
physicians from 1993 to 1994, according to the National
Ambulatory Medical Care Survey,1 and comprised 14
percent of all US dermatologist visits over 10 years.3 The
annual frequency of AK visits stabilized from 1995 to 2003,
but was predicted to increase as the population aged.4 In
fact, 2002 published data estimated that more than 8.2
million physician office visits were related to AK. This high
AK prevalence translates into significant medical costs, with
direct costs of AK surpassing one billion dollars annually.5

The clinical significance of AK relates to the risk of
malignant transformation to nonmelanoma skin cancer
(NMSC), including squamous cell carcinoma (SCC) and
basal cell carcinoma (BCC). Although NMSC is treatable,

some lesions, particularly SCC, may become locally invasive
and destructive, potentially leading to metastasis or death.
NMSC and its treatments may be associated with
considerable morbidity, including functional impairments
and cosmetic disfiguration, particularly from surgical
procedures.6

The following article discusses the current clinical data
surrounding the interrelationship between AK and NMSC,
including clinical, histopathological, and genetic similarities.
In addition, the evolving concept of treating AK as part of a
strategy to prevent or reduce the risk of progression to
malignant NMSC is reviewed.

RELATIONSHIP BETWEEN AK AND NMSC 
NMSC, the most common skin malignancy, arises from

epidermal keratinocytes. The majority of the one million
new skin cancers diagnosed annually are NMSCs, with
approximately 80 percent representing BCC and 16 percent
representing SCC.7 AK evolves from altered regulation of
keratinocyte development and is most closely related to
SCC among the NMSCs.8,9

AK and NMSC are interrelated; however, the nature and
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degree of this relationship remains controversial. Many
investigators have suggested that an increased incidence of
SCC exists within and around AK lesions. AK has been
reported to be contiguous with SCC in 44,10 72,11 and 82
percent12 of cases.

Researchers have prospectively studied the rates of
malignant transformation from AK to SCC. A five-year
Australian study of 1,689 individuals seen for two consecutive
years identified 21,905 AKs in the first examination year.13

The next year, 17 SCCs were identified as clearly arising from
either an AK or normal skin. Of these 17 SCCs, 10 (59
percent) arose from an AK, and the other seven (41 percent)
arose from clinically normal skin. The investigators calculated
that the risk of an AK transforming to SCC within one year
was less than 1 in 1,000.13 Other investigators have reported
much higher rates of malignant transformation. One study
used a mathematical extrapolation to demonstrate that the
10-year risk of malignant transformation ranges from 6 to 10
percent.14 In a retrospective medical records review of 6,691
patients with pathologically confirmed SCC, 91 patients
(1.4%) had pathologically confirmed AK at the site of the
subsequent SCC.15

Data from the VA Topical Tretinoin Chemoprevention
(VATTC) trial provided insight on the potential for malignant
progression of AK. After following 169 patients clinically and
photographically for six years, rates of AK progression to
SCC were calculated at 0.6 percent at one year and 2.6
percent at four years. Of these SCCs, 75 percent were
considered invasive and the remainder were in situ.16

While similar topical formulations (e.g., 5-fluorouracil,
imiquimod) treat AK and BCC, the progression of AK to
BCC has not been critically accepted. However, recent
studies have shown that AK may have a close relationship
with or actually progress to BCC. The VATTC analysis
showed the rate of AK progression to BCC as 0.5 percent at
one year and 1.6 percent at four years, similar to those for
AK progression to invasive SCC (0.4% at 1 year, 2.0% at 4
years).16 A retrospective case review found the potential for
AK or SCC in-situ lesions to overlie infiltrative or nodular
BCC.17 The area of AK/SCC conformed closely to the
underlying BCC, and recognition of BCC was only achieved
via deeper biopsy or during surgical consultation.

CLINICAL AND HISTOLOGIC CHARACTERISTICS OF AK
AND SCC 

Clinical presentations of AK range from macular
erythematous foci to large hyperkeratotic plaques. These
lesions occur on sun-exposed areas, such as the head, neck,
forearms, hands, and upper back.9 Cutaneous SCC in situ
occurs in a similar anatomic distribution, most typically as a
fairly well-demarcated, hyperkeratotic, erythematous
plaque.9 Cutaneous SCC may be indurated or marked by
firm papules, plaques, or nodules with hyperkeratosis,
ulceration (well differentiated), or fleshy, soft,
granulomatous papules or nodules without keratinization
(poorly differentiated).8,9 Some AKs become increasingly
indurated and hyperkeratotic, which may complicate the
clinical differentiation between AK and the more clinically

serious SCC (Figures 1A–1D).8,9

Histologically, AK is characterized by the presence of
atypical keratinocytes in the deeper portions of the
epidermis with defective maturation of the superficial
epidermal layers, resulting in parakeratosis alternating with
hyperkeratosis (Figure 2A).9 Various histological subtypes
have been described, including hypertrophic, atrophic,
bowenoid, and acantholytic.9 SCC is defined as atypical
keratinocytes confined to the epidermis from the basal layer
to the stratum corneum (in situ; Figure 2B) or extension
beyond the basement membrane into the dermis or deeper
tissues (invasive; Figure 2C).18

PREVENTIVE STRATEGIES IN AK AND NMSC
MANAGEMENT

The following key clinical points emerge when discussing
AK and NMSC: 1) the risk of AK progression to SCC or BCC
has been well documented, 2) a number of factors may
predict the risk of AK progression to malignancy, and 3) the
concept of AK as a form of SCC is becoming more accepted,
but still critically debated. Predicting which AK will
progress to NMSC is not possible; therefore, treating all AKs
is essential to minimize the risk of NMSC.

Sequential and cumulative genetic damage are critical
aspects of the pathogenesis of AK and NMSC. Primary
prevention of ongoing ultraviolet-induced genetic damage
is vital to reduce the development of AK and NMSC. As the
genetic mechanisms involved in photodamage, cellular
dysfunction, and deoxyribonucleic acid (DNA) repair
become clearer, a shift in the management and treatment
of NMSC is emerging. Preventive approaches for
decreasing AKs and their associated risk of malignant
transformation has gained attention. Based on the
principle that AK and NMSC represent entities along a
spectrum of clinically progressive disease, it follows that
treatment of early clinical lesions (e.g., AK) or use of
chemopreventive agents that modulate underlying
molecular mechanisms may lower the incidence of invasive
neoplasms and metastasis. Indeed, clinical medical
societies have endorsed this principle by recommending
early treatment of all AKs to reduce the potential for
transformation and progression to NMSC.19,20

THE ROAD TO CHEMOPREVENTION IN AK AND
NMSC TREATMENT

Chemoprevention represents the use of pharmacological
interventions to potentially interrupt the development of
new malignancies. Chemopreventive agents for skin cancer
theoretically inhibit steps that occur after ultraviolet
radiation exposure and before or during the development of
tumor tissue. These strategies aim to treat the earliest signs
of premalignant skin lesions, reducing the incidence of new
lesions, recurrence of previous lesions, and progression to
invasive and malignant disease.

Many therapies are available to manage AK, including
destructive therapies (e.g., cryotherapy, surgical
curettage), resurfacing techniques (e.g., dermabrasion,
laser resurfacing, chemical peels), topical therapies (e.g., 5-
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fluorouracil, imiquimod, diclofenac gel, retinoids), and
photodynamic therapy (PDT).21 The efficacy of these
treatments in reducing AK is well established and beyond
the scope of this article; however, their prophylactic nature
in preventing NMSC is less widely studied. The following
review of clinical studies examines less common
approaches to AK treatment and their effects on preventing
NMSC over time.

Oral retinoids. Data on potential chemopreventive
effects of oral retinoids (e.g., isotretinoin, etretinate,
acitretin) are available. Retinoids help to maintain
epithelial maturation and differentiation via their effects on
growth factors, proto-oncogenes, and intracellular levels of
ceramides.22–24 The Southwest Skin Cancer Prevention
Study Group studied 2,297 participants with a history of
AK, SCC, or BCC who were randomly assigned for up to
five years of daily dosing with 25,000IU oral retinol or
placebo.22 The hazard ratio of first new SCC for the retinoid
group was 0.74 (95% CI, 0.56–0.99; P=0.04), showing that
they had a lower risk of developing new SCCs than the
placebo group. The hazard ratio of first new BCC for the
retinoid group was 1.06 (95% CI, 0.86–1.32; P=0.36),
denoting that the risk of developing a new BCC was similar
between the retinoid and placebo groups.22 Similarly, a two-
year course of high-dose oral isotretinoin was effective in
the chemoprevention of SCC and BCC in five patients with
xeroderma pigmentosa.24 The tumor frequency during the
two-year treatment period was compared with an
equivalent pretreatment interval, and the results indicated
a 63-percent reduction in skin cancer (P=0.019).
Interestingly, after discontinuing daily isotretinoin, the
frequency of skin cancers in the posttreatment year was
8.5-fold higher than during the two-year treatment period
(P=0.007).

Evidence indicates that oral retinoids may be helpful in
the temporary chemoprevention of SCC; however, the
likelihood of rebound must be carefully considered, as
clinical evidence has demonstrated recurrence of SCC upon
retinoid discontinuation.25

Photodynamic therapy. PDT is effective in treating
AK and may have some chemotherapeutic properties.
Methyl aminolevulinate (MAL) and illumination with
broadband red light (75J/cm2, 570–670nm) was studied in
225 patients with SCC in situ. Lesion recurrence rates at
12 months after the last treatment were lower with MAL-
PDT (15 percent) than with PDT-placebo (50 percent).26

Similar benefits in reducing the development of BCC have
been reported. PDT with 20-percent ALA and red light
illumination in three children with BCC resulted in 85 to 98
percent overall clearance lasting up to six years.27 This
protection may have been due to destruction of subclinical
lesions and/or induction of an antitumor response that
suppresses development of new carcinomas. A
randomized, split-face, placebo-controlled study examined
the preventive effects of ALA-PDT with red light
illumination in 45 patients with AK, extensive field
cancerization on the face and scalp, and a history of
previously diagnosed NMSC.28 ALA-PDT significantly

Figures 1A–1D. Clinical presentations of actinic keratosis (A),
squamous cell carcinoma in situ (B), squamous cell carcinoma
(C), and basal cell carcinoma (D,E).
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reduced new NMSC lesions over 12 months compared with
placebo (14 vs. 30 total new NMSCs; P<0.001), but the
prophylactic effect of PDT declined over time, with new
lesion development increasing substantially six months
after treatment.28

Additional chemopreventive approaches. Other
treatments also may exert chemopreventive effects. In a
five-year prospective trial, treatment with carbon dioxide
laser, 30% trichloroacetic acid peel, or 5% 5-fluorouracil
resulted in a reduction in AK of 83 to 92 percent (P=0.03),
a lower incidence of NMSC than the control group
(P=0.001), and a longer time to the development of new
skin cancer than the control group (P=0.07). All three
treatments were beneficial for AK reduction and skin
cancer prophylaxis.29

Difluoromethylornithine, a chemopreventive agent,
inhibits ornithine decarboxylase, an enzyme implicated in
tumor promotion. In 48 patients with AK on the bilateral
forearm, six-month difluoromethylornithine treatment
reduced AKs by 23.5 percent (P=0.001) and significantly
suppressed skin ornithine decarboxylase product levels (26
percent; P=0.04) compared with placebo.30

Other therapies postulated to possess chemopreventive
potential in early investigational reports include topical
thymidine dinucleotide31 and liposomes containing T4
endonuclease.32,33

CHEMOPREVENTION AND THE
IMMUNOSUPPRESSED PATIENT

In immunosuppressed patients (e.g., solid organ
transplant patients), AK is a significant risk factor for SCC
and BCC, more so than AK in immunocompetent
individuals.34 In a study of 915 solid-organ transplant
recipients undergoing immunosuppressant therapy, AK
was strongly associated with an increased risk of SCC,
with adjusted odds ratios of 4.1 (1–49 AKs) and 12.1 (>50
AKs) compared with no lesions.35 AKs were associated
with BCC with adjusted odds ratios of 2.9 (1–49 AKs) and
4.0 (>50 AKs).

Immune surveillance is a key anticancer mechanism, as
demonstrated by the 10- to 250-fold increased rates of AK,
BCC, and SCC and the increased aggressiveness of disease
in patients receiving immunosuppressants. Some
immunosuppressants, such as azathioprine, may directly
promote cancer formation, while agents such as
cyclosporine have been implicated in the increased risk of
SCC in this population.34,36,37

Chemopreventive strategies with possible utility in
immunocompetent patients may not be as effective in
immunosuppressed patients, possibly because the
mechanisms of chemoprevention require an inherent
immune response. Two studies assessed ALA-PDT (1–2
treatments) or MAL-PDT (two treatments) and 75J/cm2 of
visible light in treating AK and SCC in transplant versus
immunocompetent patients.38,39 Results showed clear
persistence of residual disease, increased recurrence, and
increased development of new lesions versus
immunocompetent controls.36,38,39 These data are supported

Figures 2A–2D. Histological presentations of actinic keratosis
(A), squamous cell carcinoma in situ (B), and invasive squamous
cell carcinoma (C,D) (low [C] and high [D] resolution) using
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by a study in organ transplant recipients in which two
treatments with PDT utilizing δ-ALA and violet light
(400–450 nm) did not prevent formation of new SCC and
had minimal effect on reducing AK after two years of follow
up.40 In a study of PDT with broad-area ALA and a blue
light PDT illuminator, 12 solid organ transplant recipients
with multiple annual SCCs had all NMSC and other
suspicious lesions removed and were treated with ALA-
PDT up to nine times per year.41 The average annual SCC
count for each patient decreased from 18 at the baseline
year to four in the first year of PDT and to one by the
second year of PDT.

Persistent chemopreventive potential for some agents
has been documented in immunocompromised patients. In
a six-month randomized, double-blind, placebo-controlled
trial of oral acitretin (30mg/day) in 44 renal transplant
recipients with AK, the acitretin group had a significantly
lower number of new NMSCs (P=0.01) and a lower total
number of NMSCs (P=0.009) than placebo.42 Of the patients
with an established history of skin cancer, 1 of 9 in the
treated group developed NMSC versus 7 of 10 in the
placebo group (P=0.009). Similar effects were noted in
renal transplant patients with oral etretinate, which is no
longer available in the United States.43 Based on these and
other data, investigators concluded that oral retinoids have
a role as chemopreventive agents against skin cancers in
solid organ transplant recipients.25,44,45

Because of the potential adverse effects with long-term
use of oral retinoids, topical approaches were postulated to
be a more tolerable option in preventing AK and cutaneous
malignancy as early as two decades ago.46 Topical retinoids
and topical 5-fluorouracil cream have been recommended for
prophylactic use in organ transplant recipients with early
(multiple AKs, isolated NMSC) or moderate (multiple
cutaneous carcinomas per year) cutaneous carcinogenesis34;
however, clinical evidence supporting topical retinoid use is
nominal.

CONCLUSION
AK is a precursor to SCC and has been linked to potential

BCC progression. The consensus is that AK may not be
strictly distinct from SCC and that these two entities
comprise a spectrum of histopathological abnormalities and
clinical behaviors with ill-defined separation. Early
treatment of AK has been recommended to reduce the
potential for progression toward malignant disease. Clinical
research on the progression of AK to NMSC supports the
concept that treating AK may serve as a rational strategy for
reducing the incidence of NMSC.

Although clinical data are limited on the long-term
effects of common AK treatments and occurrence of NMSC,
research examining the use of treatments, such as PDT, oral
retinoids, 5-fluorouracil, and trichloroacetic acid peels, has
shown potential benefit in terms of skin cancer prophylaxis
and extending the time to NMSC occurrence in
immunocompetent individuals. Similar, yet limited, results
have been shown in immunocompromised patients as well
with the use of acitretin, topical retinoids, and topical 5-

fluorouracil. While no true chemopreventive approach
exists to completely eliminate the occurrence of NMSC,
reducing or prolonging the appearance of NMSC has been
demonstrated via the successful treatment of AK. These
data provide support for additional clinical studies
examining the long-term effects of common AK treatments
as a component of a chemopreventive strategy for reducing
the occurrence of NMSC.
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