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researchers and clinicians alike is that all
AKs should be treated. This activity pro-
vides clinicians with the most current
information regarding the nature, diag-
nosis, and management of AKs. The fac-
ulty addresses both lesion-targeted and
field treatments. The discussion also
includes the results of several recently
completed studies involving the topical
immune response modifier imiquimod.

Educational Objectives
By reading and studying this supplement,
participants should be able to:

• Discuss the epidemiology of actinic
keratoses, the geographic differences in
incidence, and the prevalence of these
lesions in individuals with various
Fitzpatrick skin types.

• Explain what is currently known about
the etiopathogenesis and carcinogenic
potential of AKs.

• Describe the clinical presentation of
AKs and the characteristic histologic
features that distinguish AKs from
invasive SCC.

• Discuss the rationale for treating AKs.

• List and describe the options now
available for treating AKs, and discuss
patient selection issues.
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Target Audience
This activity has been developed for der-
matologists and other healthcare profes-
sionals involved in the diagnosis and
treatment of actinic keratoses (AKs).

Educational Needs
Actinic keratosis lesions are an extremely
common consequence of long-term expo-
sure to ultraviolet light. In recent years,
research has demonstrated the nature of
AK lesions: they represent a proliferation
of neoplastic keratinocytes and are char-
acterized at the molecular level by a
mutation in the p53 gene, leading to per-
turbation of apoptosis and, thus, the
potential for the development of skin car-
cinomas (squamous cell carcinoma
[SCC], in particular). Because it cannot
be predicted which particular lesions will
remain unchanged, regress, or progress 
to carcinoma, the consensus among
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Introduction

Today’s View of Actinic Keratosis: A Snapshot
JAMES M. SPENCER, MD, MS

A ctinic keratoses (AKs) occur in

14% of patients who consult der-

matologists, representing a signif-

icant proportion of dermatology prac-

tices.1 These lesions are most common in

men over 50 years of age and both men

and women with blue eyes, freckling, and

sun-sensitive skin.2 Some authors have

suggested that a high-fat diet increases

susceptibility to AKs.3 The risk for AK

progression to squamous cell carcinoma

(SCC) justifies treatment of all AKs.

Early identification of AKs and prompt

treatment of these lesions are of particu-

lar importance in several populations of

patients who are at an increased risk for

SCC. These include patients with dis-

eases such as epidermodysplasia verruci-

formis4 and xeroderma pigmentosum,5

individuals who are medically immuno-

suppressed following organ transplanta-

tion,6 and those who are immunosup-

pressed secondary to human immunode-

ficiency virus infection.7

Characteristics of AK Lesions
Clinically, AKs begin as small, scaly,

red or brown spots arising in chronically

sun-exposed areas—most commonly, the

face, scalp, neck, forearms, and the dor-

sum of the hands. In the early stages of

development, AKs may not be visible but

may be detected by the feeling of sandpa-

per when the fingers are run across the

skin. Over time, minute lesions may

enlarge to several centimeters in diameter

and may become raised and hyperkera-

totic. Multiple lesions can arise within a

single field; in some cases, these lesions

become quite large and the affected site

can appear as one or more areas of con-

fluent AKs (Figure on next page).8-10

Historically, AKs have been consid-

ered to be premalignant, implying that 

an AK lesion is not yet cancerous 

but could become an invasive SCC.

Recently, the argument has been made

that an AK may be SCC in situ, based 

on the observation that AK and SCC

share histologic and molecular features.

AK is characterized by disordered ker-

atinocytes in the epidermis, pleomor-

phism, loss of polarity, and alternating

parakeratosis. All of these features 

also describe SCC, but AK is a partial-

thickness dysplasia limited to the epider-

mis, whereas SCC lesions extend into 

the dermis.

In terms of natural history, AKs may

remain unchanged, may clear sponta-

neously, or may progress to SCC. The

actual rate of progression of any particu-

lar AK is impossible to predict, but it has

4 Managing Actinic Keratoses: A Review of Recent Advances

A ctinic keratosis (AK) is one of the most common reasons for patient visits to a dermatologist, second only

to acne. Specialty profiles compiled by Verispan indicate that AKs account for nearly 4 million patient vis-

its each year to dermatology practices.1

AKs are an extremely common consequence of long-term exposure to ultraviolet light. In recent years, research

has demonstrated that AKs represent a proliferation of neoplastic keratinocytes and are characterized by molecu-

lar and genetic changes including mutations in the p53 tumor suppressor gene. These p53 mutations lead to a per-

turbation of apoptosis and, in turn, have the potential to result in the development of skin cancers, especially squa-

mous cell carcinoma.

Currently, it is not possible to predict which particular lesions will remain unchanged, regress, or progress to

carcinoma. Therefore, the consensus among both researchers and clinicians is that all AKs should be treated.

Important advances continue to be made in understanding the nature and treatment of AKs, including the role of

traditional, lesion-targeted modalities and topical field therapies such as topical 5-fluorouracil, diclofenac, and the

immune response modifier imiquimod.

This expert roundtable provides clinicians with the most current information regarding the nature, diagnosis,

and management of AKs. The faculty participating in this program are Mark H. Goldgeier, MD, FAAD,

FABIM, FACP, Clinical Assistant Professor of Medicine, University of Rochester Medical Center, Rochester,

New York; Arielle N.B. Kauvar, MD, Director of the New York Laser and Skin Care Center, Clinical Associate

Professor of Dermatology, New York University School of Medicine, and Co-Director of Procedural Dermatology,

State University of New York (SUNY) Downstate Medical Center, Brooklyn, New York; Daniel M. Siegel, MD,

MS, Clinical Professor of Dermatology, SUNY Downstate Medical Center; and Albert M. Kligman, MD, PhD,

Professor of Dermatology, University of Pennsylvania School of Medicine, Philadelphia, Pennsylvania.

— James M. Spencer, MD, MS, Chairman 

Professor of Clinical Dermatology, Mount Sinai School of Medicine

Reference  1. Verispan, Physician Drug and Diagnosis Audit, 2004.
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been estimated that as many as 10% of

these lesions do progress to SCC within

10 years.11 Because the risk for progres-

sion is uncertain and the treatments

available for eliminating AKs are effec-

tive and well tolerated, it is generally

agreed that treatment for all AK lesions

is warranted. In addition to clearing

AKs, any treatment strategy should

include prevention involving sun protec-

tion12 and, perhaps, a low-fat diet, which

may enhance resolution of existing

lesions and help prevent new AKs.3

Rationale for Choosing Therapy
Much of our information regarding

many of the currently available treat-

ments for AK is anecdotal. In the quest

for applying principles of evidence-based

medicine, scientific evaluation has been

done on  a number of modalities.

However, the manner in which these

evaluations were done presents problems

in interpreting the reported data.

In the past, efficacy of a therapy 

was determined by the percentage of

lesions that resolved; however, newer

standards from the US Food and Drug

Administration (FDA) require that effi-

cacy be reported in terms of the percent-

age of patients who experienced com-

plete clearance of their AKs. This has

important implications for analyzing the

literature—for example, the results of a

study can show a 90% improvement rate

(ie, 9 out of 10 lesions cleared), but

because 1 out of 10 lesions remained, the

complete clearance rate is 0%. When

reading the literature, therefore, it is

important to keep this distinction in

mind.

Categories of Therapy
Destructive Modalities

Destructive therapies—those that

eliminate AKs by applying a physical

technique to produce cell death within

the lesion—currently are the most popu-

lar. These are cryotherapy, curettage

(with or without electrodesiccation),

shave excision, and surgical excision.

Of these, the most commonly used is

cryotherapy, although this modality had

never been studied in an evidence-based

manner until recently. In a study pub-

lished in 2004, Thai and colleagues13 con-

ducted a prospective study of 89 patients

with 421 AKs treated with cryotherapy

for various freeze times. The end points

in this study were lesion count and sub-

jective evaluation of the cosmetic out-

come. The overall response rate was

67.2%, but an analysis of subgroups

showed a resolution rate of only 39%

when the freeze time was 5 seconds or

less, 69% when freeze times were

between 6 and 20 seconds, and 83% for

freeze times longer than 20 seconds.

Overall, hypopigmentation was seen in

29% of sites where lesions were eradicated.

Curettage and shave excision are

destructive techniques that have not been

subjected to controlled efficacy studies,

but clinical experience demonstrates that

these modalities are effective in eliminat-

ing specific, visible lesions. The addition

of electrodesiccation to curettage results

in a slightly wider extent of tissue

destruction, but its main utility is to con-

trol bleeding. These techniques are indi-

cated if SCC is suspected and a tissue

sample is needed for histologic analysis.

To summarize, among the destructive

therapies, cryosurgery is moderately

painful and, more importantly, often

leads to hypopigmentation due to the

melanocyte sensitivity to cold. Curettage

and shave excision are procedures that

require anesthesia and are very likely to

result in scarring. All of the destructive

modalities produce a wound, so only a

limited area can be treated at any given

time. In addition, these techniques allow

treatment of only discrete, visible lesions

because subclinical lesions are, by defini-

tion, undetectable on visual inspection.

Finally, destructive techniques are not

recommended to treat multiple AKs

within a single anatomic area, particular-

ly cosmetically sensitive areas such as the

face, forehead, or scalp.

Field Treatments:

Field-Destructive Modalities 

Two categories of field therapies are

available for managing AKs: field

destruction and medical treatment.

Field-destructive techniques are cosmet-

ic procedures that safely destroy the

entire epidermis. This can be accom-

plished with a medium-depth chemical

peel (trichloroacetic acid), a deep chemi-

cal peel (phenol), dermabrasion, or laser

resurfacing. All of these procedures

require downtime for healing, and all

pose the risk for infection and scarring.

In addition, these are cosmetic proce-

dures for which patients will not be reim-

bursed and which require specialized skill

and experience to perform. Considering

all these factors, cosmetic field destruc-

tion techniques are best reserved for cases

in which cosmetic treatment is the pri-

mary goal and destruction of AKs is a

secondary benefit.

Field Treatments: Medical Therapies 

Medical therapies are not mechani-

cally destructive to targeted, specific

lesions but eliminate AKs by a chemical

effect on a field of sun-damaged skin.

The desirable characteristics for such

modalities are treatment of both visible

and subclinical lesions in a large area,

high degree of efficacy, good tolerability,

and a pleasing cosmetic outcome. The

medical therapies currently available are

5-fluorouracil (5-FU), diclofenac, photo-

dynamic therapy/aminolevulinic acid

(PDT/ALA), and imiquimod. (Tretinoin

and colchicine, in topical preparations,

have been studied for the treatment of

AKs, but tretinoin is not approved for

this indication and topical colchicine is

not available for clinical use.)

5-FU. Various formulations of topi-

cal 5-FU currently are marketed: 5%

cream, 1% cream and solution, and 0.5%

micronized cream. The 5% cream prepa-

ration has been available longer than the

others, having become available in the

early 1960s. At that time, phase III trials

were not required by the FDA, and such

studies have not been done.

Although the efficacy of 5-FU 5%

cream has not been established in phase

III clinical trials, most dermatologists

Managing Actinic Keratoses: A Review of Recent Advances 5

Figure. Multiple, Large Actinic Keratoses

Application of topical field therapy typical-
ly results in erythema of both visible AKs
and subclinical lesions. This patient was
treated with diclofenac.
Photo courtesy of James M. Spencer, MD, MS
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who have treated AKs with this agent

undoubtedly have found it effective.

Anecdotal evidence suggests that this

medication probably has an efficacy of

about 75%. An early, 1-month, split-face

study in 16 patients compared 5% and

1% concentrations; the results suggested

that these formulations are clinically

equivalent, at least in the short term.14

The disadvantage of 5-FU is that it

causes significant discomfort and tempo-

rary disfigurement. The most recent

addition to the roster of 5-FU formula-

tions is 0.5% micronized cream, which

was developed not to improve efficacy

but to improve tolerability. In a split-face

study, Loven and colleagues15 compared

the micronized formulation with 5%

cream. The rate of clearance—that is, the

percentage of patients in whom treat-

ment resulted in 100% clearance of

AKs—was the same for both formula-

tions (50%), as was investigators’ assess-

ment of adverse events such as erythema,

crusting, and scabbing. The patients pre-

ferred the micronized cream because it

requires only once-daily application.

Diclofenac. This is a topical non-

steroidal antiinflammatory agent that is

suspended in a hyaluronic acid gel. This

medication works by blocking the

enzyme cyclooxygenase, preventing the

production of prostaglandins and prosta-

cyclines, which have been implicated in

the carcinogenic pathway. In the 3-

month pivotal clinical trial that led to

FDA approval of this drug, Nelson and

colleagues16 compared diclofenac to a

placebo gel in 120 patients. After 3

months of twice-daily applications, 50%

of patients in the active treatment group

had 100% clearance. The investigators

reported that efficacy was substantially

lower at 1 and 2 months, so a 3-month

course of treatment is required to achieve

this rate of complete clearance. Therapy

was generally well tolerated, with only

mild cutaneous effects; vesicles and

ulcerations were seen but were rare.

PDT/ALA. This technique involves

the use of ALA combined with exposure

to a blue light source. ALA preferential-

ly accumulates in dysplastic and malig-

nant cells, where it is converted enzymat-

ically to the potent photosensitizer pro-

toporphyrin IX. In response to visible

light, reactive oxygen species are generat-

ed, resulting in oxidative cell damage and

cell death.

In the pivotal study of this modality,17

investigators recruited patients with flat

AKs. The lesions were graded from 1 to

3, with grade 1 indicating flat AKs and

grade 3 denoting hyperkeratotic AKs,

and grade 3 lesions were excluded from

the study. Only patients with grade 1 and

2 AKs were included; the researchers

reported that 88% of patients had 100%

clearance of these lesions. In a head-to-

head comparison of PDT/ALA and 5-

FU 5% cream, Kurwa et al18 treated one

hand in each of 17 patients with

PDT/ALA and had these patients apply

5-FU twice daily to the other hand for 3

weeks. In the 14 patients who completed

the study, the treatments were equally

effective, but the patients also reported

the same subjective complaints of erythe-

ma and pain. Studies are currently under

way to improve this modality by shorten-

ing the time between ALA application

and light exposure to less than 1 hour

and exploring the effects of the use of

higher doses of blue light and the use of

ALA with either pulsed-dye laser or

intense pulsed light.

Imiquimod. Imiquimod, an immune

response modifier, represents a unique

approach to the treatment of AKs. This

medication is FDA approved for the

treatment of genital warts, AK, and

superficial basal cell carcinoma.

Imiquimod works by binding to a mole-

cule known as toll-like receptor-7, induc-

ing a variety of cytokines including inter-

feron-� and -� and interleukin-12. This

stimulates a nonspecific immune

response via interferons and natural killer

cells, as well as a specific immune

response, involving stimulation of cyto-

toxic T cells that have the potential for

memory.

In an early study of the use of

imiquimod for AKs, Stockfleth and col-

leagues19 used imiquimod to treat facial

lesions in 25 patients; 11 patients served

as controls. The patients applied either

imiquimod or placebo cream to the area

three times a week for 12 weeks. Lesion

counts were done before and after thera-

py, and some of the patients underwent

biopsies before and after treatment. The

researchers found that 21 patients in the

active treatment group had complete

clearance of AKs, confirmed by biopsy.

Two of the patients in the group had 

partial clearance. In 13 patients, the

treatment regimen yielded a vigorous

response that caused discomfort. As a

result, 12 of these had their medication

dosage reduced to twice weekly, and one

had the dosage reduced to once weekly.

Those who used imiquimod twice week-

ly had the best clearance rates. The

results of this study suggest that

imiquimod can be titrated to tolerability

and still be effective.

The phase III pivotal study of

imiquimod for AKs was a multicenter,

randomized, placebo-controlled trial

involving 436 patients.20 Patients applied

the active medication or placebo cream

twice weekly for 16 weeks. Eight weeks

after stopping these applications, the

patients were assessed for complete clear-

ance of lesions. The overall rate of com-

plete clearance was 45.1%, with severe

erythema reported in 17%. The median

rate of clearance was 83%.

Finally, Salasche and colleagues21 test-

ed a concept of cycle therapy with

imiquimod, having 25 patients apply the

medication for 1 month to a discrete cos-

metic unit (eg, forehead, cheek, scalp).

After 1 month of twice-weekly applica-

tions, the patients stopped imiquimod for

1 month, then used the medication for

another month. This cycle was repeated if

a patient had residual lesions. After one

cycle, 15 of 30 treated areas—50%—com-

pletely cleared; an additional 12 treated

areas were completely clear after a second

cycle. The overall clearance rate was 90%.

Conclusion 
By every indication, the incidence of

skin cancer and AKs will continue to rise.

Therefore, the therapy of AKs will con-

tinue to be an ever larger part of derma-

tologic practice. Although the exact risk

of any one AK progressing to an invasive

SCC is impossible to determine, the fact

that there is risk justifies treating all AKs

when possible. Simple destructive tech-

niques are the most popular choice for

treating AKs. However, when confronted

with many AKs  over a large area or in a

cosmetically sensitive patient in whom

blistering and hypopigmentation is unac-

ceptable, medical field therapies are the

treatment of choice.

References 
1. Gupta AK, Cooper EA, Feldman SR,

Fleischer AB. A survey of office visits for
actinic keratosis as reported by NAMCS,

Continued on page 11
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R esearch into the physical, molecu-

lar, and immunologic nature of

actinic keratosis (AK) is revolu-

tionizing our approach to the diagnosis

and treatment of sun-related skin condi-

tions. AKs are scaling lesions on sun-

exposed skin that display partial-thick-

ness keratinocytic atypia and at least

some molecular changes typical of cuta-

neous squamous cell carcinoma (SCC).

AKs are the major antecedent lesions 

to SCC. Given the nature of biologic 

systems and our current level of under-

standing, it may not yet be possible 

to provide a universal answer to the 

question of whether AKs are precancer-

ous or cancerous. Nevertheless, the 

question has important scientific and

practical implications.

Current Understanding of
Carcinogenesis in Skin Cancer

The precancerous state shares charac-

teristics with cancer; however, at a con-

ceptual and observational level it may be 

distinguished from cancer. When the

precancer becomes indistinguishable

from a cancer—whether clinically,

behaviorally, or on laboratory testing—at

that moment the lesion is, in fact, a can-

cer.

Multistep carcinogenesis has been

the conceptual framework of cancer

development for many decades. In this

framework, precancers progress along the

path to cancer by the accumulation of

multiple cellular insults. Ultraviolet

(UV)-induced DNA damage is felt to be

the most important and is the most stud-

ied factor in cutaneous carcinogenesis.

UV light causes signature damage to

DNA, causing mutations (usually, a C to

T or a CC to TT mutation), as well as

alterations in the p53 gene, that result in

diminished apoptosis and, consequently,

a threat to homeostasis. In addition, p16,

ras, and a host of other oncogenes may be

affected by UV exposure.1 UV-induced

genetic damage is common in Caucasian

adults.

Photoinduced DNA damage, as well

as protein damage and inflammation,

are localized consequences of UV

insult—that is, they are events that occur

only at the sites of UV exposure.

Immunosuppression is a systemic conse-

quence of UV exposure. As a result, dis-

tant harm is caused even by localized UV

exposure. Both genetic mutations and

immune compromise contribute to the

development of cancer.2,3 Genetic defects

and signature mutations are markers of

photoinduced carcinogenesis. Reduced

antigen-presenting cell function, a

decrease in the number of Langerhans’

cells, and reduced cell-mediated immu-

nity define photoinduced immunosup-

pression. Immunosuppression leads to a

loss of the normal mechanisms of

immunosurveillance and provides the

opportunity for DNA-damaged ker-

atinocytes to escape destruction. The

combination of genetic damage and

immunosuppression results in the devel-

opment of AK and SCC alike.2,3

Association Between 
Photodamage, AK, and SCC

Clinically, what is recognized as

aging skin is more accurately defined as

photoaging, manifested by solar elastosis,

dyschromias, and telangiectasias. UV

light is, by common definition, the cause

of photoaging, and is recognized as the

most important cause of both AK and

SCC.4 UVB is more damaging than is

UVA, but UVA is less filtered by chemi-

cal sunscreens and is more deeply pene-

trating.

The clinical definition of AK as a scal-

ing, variably pigmented papule or plaque

is well described throughout the derma-

The Scientific Basis of Skin Cancer
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tology literature. The histologic definition

is partial-thickness keratinocytic squa-

mous atypia (Figure 1). The cellular bio-

logic definition is skin with a so-called

oncogenic molecular profile and dimin-

ished immune response. Histologically,

SCC is characterized by full-thickness

keratinocytic squamous atypia (Figure 2)

along with progressive oncogenic molecu-

lar abnormalities. In both AK and SCC,

histologic examination demonstrates adja-

cent areas of photodamage.5

Three major arguments support the

contention that AKs are cancer. First,

other conditions that were previously

considered to be “precancers”—including

Bowen’s disease and melanoma in situ—

now are recognized as true cancers, albeit

at early stages of development and with

only partial-thickness atypia. Second,

AK may be indistinguishable from SCC

in terms of clinical and molecular 

biological features. Third, the path from

AK to SCC, although unpredictable,

is common enough to make AK the

major antecedent lesion to SCC.

Semantically, the term “actinic keratosis”

may be a historical inaccuracy because

AKs already may be SCC. At least some

AKs will develop full-thickness atypia,

invade the dermis, and metastasize.

On the other hand, there are three

major arguments against the redefinition

of AK as an early cancerous condition.

First, although there may be overlap

lesions, there is a recognized histologic

demarcation between AK and SCC. AKs

Managing Actinic Keratoses: A Review of Recent Advances 7

Figure 1. Actinic Keratosis (AK) Figure 2. Squamous Cell Carcinoma (SCC)

This biopsy specimen of an AK lesion
shows partial-thickness keratinocytic
atypia and adjacent photo-damage.

In contrast to what is seen with AK, SCC is
characterized by full-thickness keratino-
cytic atypia. Note also that, as with AK,
photodamage is evident adjacent to the
cancerous area.
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have partial-thickness keratinocytic

atypia, whereas SCCs display full thick-

ness keratinocytic atypia throughout the

epidermis.

Second, the majority of AKs fail to

progress to SCC, and the path from 

AK to SCC is not unidirectional.

The development of SCC from AK is

neither necessarily progressive, pre-

dictable, nor common.6 The risk for 

any single AK progressing to SCC in a

given patient is variable and unless other

factors such as immunocompromise

intervene, almost certainly is less than

10% per year.

Third, it has not yet been established

which factors predict progression of AK

to SCC. Should clinical, histologic, or

molecular markers be used to quantify

the risk of progression of lesions and,

indeed, to ultimately differentiate AK

from SCC? 

Nevertheless, by any manner of

investigation to date, AKs appear to be

on a continuum with SCCs and are pre-

decessors of the majority of SCCs. One

study showed that 97.2% of SCCs have

histologic evidence of adjacent AK.5

Photodamaged skin is a precursor to

both AK and SCC; it has been clearly

established that photodamaged skin

adjacent to clinically recognizable AK

lesions share histologic and biologic

markers with both AK and SCC.5 It may

well be the case that the precursor lesion

to SCC is not AK, but rather photodam-

aged skin.

Implications for Clinical
Management 

An understanding of the natural his-

tory of AK is necessary for three basic

reasons: (1) to recognize the preventable

factors that lead to photodamage, to AK,

and, eventually, to SCC; (2) to identify

high-risk SCC precursors and eradicate

them; and (3) to target SCCs early in

their genesis.

Considering the current level of

understanding—and the knowledge gaps

that remain to be filled—what are the

implications for day-to-day clinical prac-

tice? Currently, the answer is that univer-

sal treatment should be applied to eradi-

cate AK lesions which, if untreated, will

become cancerous and metastasize in a

certain number of cases. Because preven-

tion is a fundamental tenet of medical

care, the goal of management is restora-

tion of the skin to a clinically less photo-

damaged, genetically native, immunolog-

ically competent state and, ultimately, the

prevention of SCC in situ, as well as

invasive and metastatic disease.

While an important target, DNA is

not the exclusive target of UV light.

Photodamage may occur in any layer of

the epidermis or dermis, as well as in cells

trafficking through the dermis. Thus, of

paramount importance in the primary

prevention of cutaneous disease is the

delivery of the broadest-spectrum photo-

protection to all layers of skin. The spe-

cific steps in the prevention of SCC in a

patient with AKs include avoidance of

further direct damage to DNA and other

integumentary structures, suppression of

harmful inflammation, the reversal of

immunosuppression, and eradication of

precursor lesions.

Field Therapy: Science-Based

Approach to AK Management 

Lesion-targeted therapy, also known

as focused or ablative therapy, is a practi-

cal, time-honored, and effective approach

for treating AK lesions. However, with

lesion-targeted therapy, only the AKs

that are visible are treatable, and any sub-

clinical lesions that may be present in the

same area are left untreated. Not surpris-

ingly, recurrence rates in treated areas can

be high.

Because photodamage is not focal,

patients with one AK lesion are likely to

develop other lesions; global insults may

require global therapies. Thus, treatment

of the entire field in which visible AK

lesions occur—known as field therapy—

is becoming increasingly accepted as the

preferred management strategy.

Field therapy is an approach that uti-

lizes the latest cancer biology concepts.

The field therapies currently approved by

the US Food and Drug Administration

(FDA) and in common use for the treat-

ment of AK are three topical agents:

5-fluorouracil (5-FU), the nonsteroidal

antiinflammatory drug diclofenac, and

the immune response modifier (IRM)

imiquimod. 5-FU works mainly by

inhibiting thymidylate synthetase, inter-

fering with the process of DNA synthe-

sis and causing cell death. Diclofenac’s

mechanism of action has not been firmly

established, but it is likely to involve

inhibition of cyclooxygenase-2. The

mechanism of action of imiquimod is

described in the next section.

Field therapy is particularly impor-

tant in patients who have undergone

solid organ transplantation because

immunosuppression dramatically in-

creases the risk for cutaneous neoplasias,

including malignant melanoma, basal cell

carcinoma (BCC), and SCC. The inci-

dence of SCC is between 65-fold and

100-fold greater than that in immuno-

competent individuals.7

IRMs: A Brief Overview 

Imiquimod, the first agent in the

class of IRMs, stimulates toll-like recep-

tors (TLRs) on dendritic cells, subse-

quently inducing a variety of cytokines

and activating dendritic cells and effector

cell responses. TLRs, which are present

in many types of animals, recognize

highly conserved, species-specific mole-

cules, including bacterial lipoproteins,

lipopolysaccharides, peptidoglycans, and

DNA. TLRs also recognize RNA, viral

components, and IRMs. TLR-7 and

TLR-8, specifically, are stimulated by

IRMs.8

Activation of the innate and the

acquired immune system is thought 

to be the mechanism of action in

imiquimod, the FDA-approved treat-

ment for genital warts, AK, and superfi-

cial BCC. The innate system is nonspe-

cific and has no memory—it is immedi-

ately available, requires no education, and

provides rapidly responding physical,

chemical, and biological barriers to

thwart invasion. The acquired system is

activated via cytokine cascades that stim-

ulate the T-helper cell type 1 (TH1)

response (cellular immunity) while sup-

pressing the TH2 response (humoral

8 Managing Actinic Keratoses: A Review of Recent Advances

Patients with one actinic 
keratosis lesion are likely to
develop other lesions; global

[ultraviolet light] insults are likely
to require global therapy. 

Thus, treatment of the entire
field—field therapy—is 
becoming increasingly 

accepted as the preferred 
management strategy.

Continued on page 13
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T wo main approaches to treatment

of actinic keratoses (AKs) may be

considered: physician-controlled,

office-based modalities and at-home,

patient-applied treatments. A major

advantage of the former is that patient

compliance is not involved—once the

treatment is performed, the patient leaves

the office and the intervention is com-

plete. In contrast, with patient-applied

therapies, efficacy depends on a patient’s

ability and motivation to comply with

the prescribed regimen.

The most commonly used physician-

applied treatments are cryotherapy,

curettage, shave excision, electrosurgery,

photodynamic therapy (PDT), chemical

peels, dermabrasion, and various combi-

nations of these. The patient-applied

therapies that currently are approved are

the pharmacologic mainstays of our

armamentarium for the treatment of

AKs: the topical agents 5-fluorouracil (5-

FU), diclofenac, and imiquimod.

Cryotherapy 
Cryotherapy is the most commonly

used treatment for AKs. Many cryogens

are available, but clinicians seem to 

prefer liquid nitrogen, with a tempera-

ture of  –196º C. Keratinocytes die when

frozen to temperatures between –40º and

–50º C; a fast freeze with direct applica-

tion of liquid nitrogen using a cryothera-

py gun can give greater cell death. An

alternative is indirect application, by dip-

ping a cotton swab in the liquid nitrogen

and touching the swab to the lesion. This

is less painful than direct application, but

it produces a slower freeze and is not as

destructive, perhaps reducing the efficacy

of the treatment.

Cryotherapy works by a physical phe-

nomenon: ice crystals develop within

cells that are frozen, resulting in cell

death. The various structures in the skin

have different sensitivities to cold tem-

peratures. Keratinocytes are more sensi-

tive to destruction by cryogens, whereas

collagen, blood vessels, and nerves are

more cold-resistant, so this modality pre-

serves these important dermal structures.

However, melanocytes in the epidermis

are destroyed even before keratinocytes,

so hypopigmentation is a common con-

sequence of cryotherapy.

The advantages of this modality are

that it is performed quickly and easily,

and anesthesia is optional. The disadvan-

tages are that cryotherapy may be

painful, and only the targeted lesions are

treated, meaning that any subclinical

lesions are not eradicated and may later

emerge as new, clinical AKs. The treated

area heals in 7 to 10 days. The cosmetic

outcome tends to be fair to excellent,

although hypopigmentation is common.

My Preference: I use a cryotherapy gun,

and for small lesions, I administer two

cycles to each lesion. For broad AKs, I

use a back-and-forth motion to cover the

surface of the lesions. However, I avoid

producing a deep ice ball; the appropriate

depth is indicated by an immediate

whealing by the end of the second cycle,

and bullae should occur the next day.

When more than a few lesions are to

be treated in a large anatomic area (such

as the forehead, scalp, cheeks, or arms),

anesthesia during treatment and anal-

gesics following therapy are necessary.

Premedication with aspirin with oxy-

codone, acetaminophen with hydroco-

done, or another analgesic also may be

considered.

Curettage and Shave Excision
Curettage allows the clinician to

experience a “feel” for the depth of a

lesion. If the curette descends through

the dermis, a biopsy is indicated to rule

out squamous cell carcinoma (SCC).

Curettage shares a disadvantage with

cryotherapy: only targeted lesions are

treated. Unlike cryotherapy, curettage is

almost always painful and anesthesia

usually is necessary. Electrocautery is a

helpful adjunct to control bleeding.

Curettage results in physical destruc-

tion of lesions, and, with the addition of

thermal destruction from electrocautery,

most of an AK lesion is eradicated. The

inflammation that results as part of the

healing process may eliminate any resid-

ual lesion at the site of treatment.

Healing takes 7 to 10 days. The cosmet-

ic outcome is fair to excellent, but

hypopigmentation is common; scarring

can occur, particularly if the electro-

cautery technique is aggressive.

My Preference: If the curette dips when

I remove what appears to be an AK, my

index of suspicion for invasive SCC

increases and I have the specimen biop-

sied. If my initial clinical examination

leads me to suspect that an AK may have

progressed to SCC, I perform a shave

excision prior to curettage so the pathol-

ogist will have a specimen that can be cut

vertically.

I prefer cryotherapy to curettage in

most cases. I use curettage when SCC

seems possible, if a patient requests it, or,

if I am performing a Mohs’ procedure

and another lesion is in the operative

field, I remove the AK with a curette

conveniently at hand on the instrument

tray.

Electrosurgery
Electrosurgery as monotherapy is not

desirable. It is a blind approach, requires

anesthesia, and only targeted lesions are

treated. The mechanism of action is ther-

mal destruction of a lesion; healing

occurs in 10 to 21 days. The cosmetic

results are fair to good, but scarring and

hypopigmentation are not uncommon.

Photodynamic Therapy/
Aminolevulinic Acid 

The protocol for PDT/aminole-

vulinic acid (ALA) approved by the US

Food and Drug Administration (FDA)

calls for application of a 20% solution of

ALA to the skin at the first office visit and 

a waiting period of 14 to 18 hours, during

which this agent is converted enzymati-

cally to protoporphyrin IX. (Therapy has

evolved over the  past few years to the

point where an overnight incubation 

period is used infrequently; incubation

periods of as little as 1 to 3 hours are more

commonly employed.)  After incubation,

the treated area is exposed to a blue light

source for 1,000 seconds—approximately

16 minutes.

A benefit of PDT/ALA is that it can

be used for spot treatment or for a large

Management of Actinic Keratoses: 
Current Options and Patient Selection
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anatomic area, such as the entire scalp. A

problem with this therapy is that during

the ALA conversion period, the treated

area must be protected from light expo-

sure to prevent premature activation of

ALA. This means that a patient must

remain in the dermatologist’s office for

the duration of ALA conversion, result-

ing in a long period of downtime for the

patient.

The healing time is 10 to 20 days,

and patients have substantial edema for 1

to 6 days. The cosmetic outcome tends to

be excellent, and an incidental benefit is a

good rejuvenation effect.

My Preference: To ensure good pene-

tration of ALA, I prepare the lesions

with an acetone scrub followed by a scrub

with Jessner’s solution, using gauze pads.

For the same reason, I remove the top

layers of hyperkeratotic lesions by sand-

ing with sandpaper or drywall sanding

screen. I use a soap-and-water wash to

remove any residual Jessner’s solution. If

the patient tolerates it, I prefer a longer

incubation period after ALA application,

but a minimum of 2 to 3 hours, in any case.

To control discomfort, pretreatment

with an analgesic is a reasonable step, and

using an electric fan to cool the treated

skin often helps as well.

Medium-Depth Chemical Peels
Medium-depth chemical peels have

the important benefit that the entire face

can be treated at one time. Unfortunately,

the epithelium on appendages does not

respond to medium-depth peels; for

these areas, a deeper peel with phenol is

required, but this can result in the

appearance of porcelain-white skin and is

associated with the risk for cardio- and

nephrotoxicity.

The medium-depth peels work by

physical destruction via protein coagula-

tion, inflammation resulting from this

coagulation, and some thermal damage

from an exothermic reaction. The healing

period is 5 to 10 days, and the cosmetic

outcome is very good to excellent.

My Preference: As with PDT/ALA, I

perform acetone and Jessner’s solution

scrubs before doing the procedure. Using

a proctoscopy swab, I apply 35%

trichloroacetic acid to the forehead, into

the hairline, and on the cheeks, chin,

nose, and lips. I treat the eyelids with a

large-head standard swab. I continue

with the application until frosting is visi-

ble and the entire treated area appears

white. Following this, fanning the area

and applications of very cold, saline-

soaked gauze help ease discomfort.

When the discomfort is under control,

the patient is released from the treatment

room and sent home.

Dermabrasion
Dermabrasion is a time-consuming

procedure, but it can be used both to

spot-treat and to manage large fields of

AKs. As with medium-depth peels, der-

mabrasion is not effective for treating

appendages. This technique works on the

principle of physical destruction. Healing

occurs in 5 to 10 days, and the cosmetic

outcome is very good to excellent.

My Preference: Dermabrasion is not

commonly done in my practice, and I

limit these procedures to treating the scalp

in patients who have undergone organ

transplantation. These patients often have

large areas of AKs, and dermabrasion is

well tolerated and is a fast, efficient way to

clear these fields. When I do use this

modality, I use tumescent anesthesia and

abrade the area using drywall sanding

sheets rather than the standard electrical

dermabrasion device.

Combining Procedures
According to each patient’s unique

clinical picture, these techniques can be

mixed and matched. Any of the benefits

of each modality will be seen. However,

combination therapy also can result in

overtreatment, and all of the risks of each

modality may occur. Depending on indi-

vidual patient responses, the cosmetic out-

comes can range from poor to excellent.

5-Fluorouracil 
5-FU has been the long-term main-

stay of patient-applied therapies for AKs.

Although 5-FU has a long track record

of efficacy, noncompliance is a common

problem because the side effects of treat-

ment are unpleasant. 5-FU causes itch-

ing, burning, and crusting beginning at

about the eighth day of treatment and

persisting through the end of the treat-

ment period plus an additional week.

To minimize the duration of these

effects—and, perhaps, enhance compli-

ance—some clinicians have tried using

shorter courses of therapy, but, in my

opinion, these strategies adversely affect

efficacy, resulting in much of the disease

being untreated. The full course of ther-

apy provides the best therapeutic out-

come.

5-FU’s mechanism of action is

twofold: (1) the inhibition of thymidylate

synthetase, which affects DNA synthesis,

resulting in cell death, and (2) inflamma-

tion.

Healing usually occurs within 7 to 10

days after the course of therapy has been

completed. The cosmetic outcome is very

good to excellent, leaving the skin

smooth and clear. However, the begin-

ning of the healing process also is charac-

terized by erythema, which can persist

for months.

My Preference: My approach with 5-

FU is “no pain, no gain” because I think

that inflammation is a very important

component of this drug’s mechanism 

of action. I prescribe either 0.5%

micronized cream applied once daily or

the 5% cream formulation applied twice

daily. I have tried a once-daily regimen,

and my experience is that this can be as

effective as the twice-daily regimen; I

believe the frequency of daily applica-

tions is less important than the duration

of the treatment period.

I use a course of 30 days when treat-

ing the face and 45 days to 60 days when

treating the scalp, arms, or trunk. When

increased penetration of the arms or scalp

is needed, I have the patient occlude the

treated area with plastic wrap.

To control itching, I prescribe anti-

histamines, and I control pain with 

nonsteroidal antiinflammatory drugs

(NSAIDs) or, if necessary, with narcotics.

I avoid both topical and systemic corti-

costeroids. In the past, I treated some

patients with corticosteroids during 

5-FU therapy, but I found that this com-

bination results in a lower response rate

than when 5-FU is used alone.

Diclofenac 
The topical NSAID diclofenac repre-

sents an intriguing new approach to the

treatment of AKs. This drug is thought to

work by inhibiting cyclooxygenase-2.

Diclofenac does not appear to cause much

inflammation or irritation, and patients are

not distressed by this treatment. Further,

because the surface effects on the skin are

limited, no healing time is involved fol-

lowing cessation of therapy. The cosmet-

ic outcome of treatment is excellent.

The disadvantages of diclofenac ther-
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apy are the long duration of treatment (6

months or more of daily applications)

and, in my experience, an efficacy below

that of other therapies.

Imiquimod
Imiquimod is a topical immune

response modifier that works by stimu-

lating the local immune system. (For fur-

ther details on imiquimod’s mechanism

of action, see Dr Goldgeier’s article on

page 7.) This agent is nontoxic, has no

effect on normal skin, and may have

some long-lasting beneficial effects on

immune surveillance. The main disad-

vantage of imiquimod treatment is that

not all health plans accept this drug as

first-line therapy.

Healing with imiquimod is an inter-

esting process. Many lesions heal during

the course of therapy. Others may heal

within 2 to 3 weeks after cessation of a

course of therapy involving applications

two or three times a week for 16 weeks.

The cosmetic result of imiquimod treat-

ment is very good to excellent. In addition,

therapy results in a rejuvenation effect, simi-

lar to what is seen with 5-FU, medium-

depth chemical peels, and dermabrasion.

Alternatives to the FDA-approved

regimen of twice-weekly applications for

16 weeks have been used with compara-

ble success. If a patient can tolerate more

frequent applications—three times a

week—a shorter duration (12 weeks) can

be considered. Some clinicians prefer to

use a pulsed regimen in selected patients,

treating on a schedule of 7 days on and

21 days off, or 5 days on and 10 days off.

These schedules offer the advantage of

less inflammation, often resulting in little

or no downtime.

My Preference: I prefer to use the

FDA-approved dosing schedule of

twice-weekly applications for 16 weeks.

Patient Selection: 
Some General Considerations 

The number, character, and location

of AKs should strongly influence the

choice of therapy. For example, a few

lesions on otherwise normal skin may be

treated with lesion-targeted modalities;

multiple lesions on severely sun-damaged

areas are best managed with field thera-

pies. Other issues that should be factored

into this decision include travel distance

to the clinician’s office or transportation

barriers, time constraints (taking time off

during a work day is problematic for

many patients), ability to use a patient-

applied therapy (limited mobility can

affect which sites the patient can reach),

and patient preference.

A major concern for patients is

whether a treatment is covered by their

health insurance provider. Some patients

have prescription plans that permit the

clinician to choose the treatment, with

few or no restrictions, whereas other

plans require strict adherence to a set for-

mulary. When asked to choose between a

drug that must be paid for out-of-pocket

and discretionary purchases, patients

almost always will choose the latter.

Conclusion 
The ideal treatment for AKs would

be affordable, easy to use, associated with

minimal cosmetic concerns, and not

associated with discomfort, inconven-

ience, or downtime for the patient. No

single therapy currently available fulfills

all of these criteria, but careful matching

of therapy to patient—considering both

medical and practical needs—allows the

clinician to provide effective and safe

treatment that is acceptable and suited to

each patient.
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When and Why Should Actinic Keratoses Be Treated?
ARIELLE N.B. KAUVAR, MD

A ctinic keratoses (AKs) historically

have been regarded as premalig-

nant lesions. Although these

lesions are present only in the epidermis

and, as such, have no metastatic poten-

tial, it is now believed that AKs represent

the earliest form of squamous cell carci-

noma (SCC).

AKs and SCCs share many features.

The same individuals who are at risk for

AKs also are at risk for SCC—most com-

monly, these are fair-skinned Caucasian

individuals who have a history of excessive

sun exposure. Risk also is related to geog-

raphy: individuals who live in regions

close to the equator have a greater risk

than do those who live in northern cli-

mates. In populations in the northern

hemisphere, 11% to 25% of adults have at

least one AK;1 in Australia, AKs are seen

in 40% to 60% of adults.2

Progression From AK to SCC 
The exact number of AKs that

progress to SCC is unknown, but one

study estimates the risk as 0.075% to

0.096% per lesion per year.3 An individ-

ual with AK has an average of 7.7 lesions,

so the risk for developing an SCC is

10.2% over the course of 10 years.4

Another study estimates the rates of pro-

gression from AK to SCC to be 13% to

20% over 10 years.5

These estimated rates for progression

of AK lesions to SCC are similar to the

rates seen in other forms of intraepithe-

lial neoplasia. For example, 15% of low-

to moderate-grade lesions of cervical

intraepithelial neoplasia (CIN) that are

classified as CIN I or II will progress to

carcinoma in situ—CIN III—or more

advanced carcinoma.6 New terminology

for AKs has been proposed—ker-

atinocytic intraepithelial neoplasia

(KIN)—that reflects the similarities

between the AK-SCC and CIN-cervical

carcinoma.7

For a detailed discussion of the histo-

logic, histochemical, and molecular char-

acteristics of AKs and SCCs, see Dr

Goldgeier’s article on page 7.

Risk for AK Progression to SCC 
Virtually all SCCs arising on sun-

damaged skin are associated histological-

ly with AKs. In addition, the cytologic

features of individual altered ker-

atinocytes that comprise AKs and  SCCs

are indistinguishable. The atypical ker-

atinocytes characteristic of both AKs and

SCCs show a loss of polarity, nuclear

pleomorphism, disordered maturation,

and increased mitotic figures, but with

AKs, these features are confined to the

epidermis and, with invasive SCCs, they

are observed in the dermis.

The risk for SCC increases with in-

creased sun exposure and the length of

time that the AKs are present, as well as

the number of baseline AKs that are

present (Table). In an Australian popula-

tion, Green and Battistutta8 showed that

individuals who had five or fewer AKs

had a relative risk of developing SCC of

1.0; those who had between 6 and 20

lesions had a relative risk increased to

4.0, and individuals with more than 20

AKs had a relative risk of 20.0.

It is now known that AKs on photo-

damaged skin are a visible manifestation

of the presence of expanded clones of

dysplastic cells at a subclinical, cellular

level—that is, it is unlikely that visible

AKs exist alone in a photodamaged

region of the skin. This concept, known

as field cancerization, describes the pres-

ence of developing clones that may

remain stable, may spontaneously regress,

or may progress to AKs. Support for this

concept comes from observations of top-

ical therapies in areas of visible AKs:

applications of these agents reveal the

presence and location of subclinical

lesions within the treated field.

Subclinical lesions light up—that is, they

become erythematous—when exposed to

topical AK therapies. This reinforces the

advisability of treating an entire anatom-

ic unit when multiple AKs are present.

Conclusion 
In 2003, an estimated 900,000 to 1.2

million cases of nonmelanoma skin can-

cer (NMSC) occurred in the United

States; 20%, or approximately 200,000,

were cases of SCC. NMSCs account for

$650 million annually in medical care

costs in the United States. Each year,

approximately 2,200 Americans die from

NMSC, and most of these are metastatic

SCC.9, 10

AKs now are recognized to be the

earliest manifestation on the continuum

of SCC and are more aptly classified as

KIN rather than precancerous lesions.

The number, location, and type of lesions

and patient tolerability of a modality

should determine the choice of therapeu-

tic intervention.

AKs have the potential to progress to

invasive and metastatic SCC and, there-

fore, should be treated promptly.
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AKs. In addition, the 
cytologic features of  
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that comprise AKs and SCCs 
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immunity). Imiquimod also has been

shown to induce apoptosis in cell culture,

albeit at concentrations several orders of

magnitude higher than those used in

clinical practice.9

Conclusion 
Photodamage is a precancerous con-

dition that results from exposure to UV

light. AKs represent a relatively late stage

in the development of UV-induced

lesions. Although only a percentage of

AKs become SCC, AKs remain the

major precursor to SCC. AK and SCC

may be indistinguishable clinically, histo-

logically, and/or molecular biologically.

These lesions now are commonly felt to

exist on a spectrum of disease with iden-

tical causation, mutation, and progressive

morphology.

Instead of progressing to SCC, some

AKs may remain stable, in an arrested

atypical state, or can regress to a clinical-

ly less aggressive state. Currently, it is

The Scientific Basis of Skin Cancer Continued from page 8

impossible to predict which particular

AKs will progress to SCC. For this rea-

son, it is appropriate to treat all AKs.

As diagnostic abilities become more

refined, the distinction between AK and

SCC will blur further. Evolving concepts

of cutaneous carcinogenesis provide the

conceptual framework for treatment of

cancer at increasingly earlier stages in its

development. State-of-the-art biomed-

ical research provides elegant tools for

the dermatologist to prevent photodam-

age and to utilize field therapies in the

treatment of cutaneous neoplasia.
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Imiquimod in AKs: A Study of Cosmetic Outcomes
ALBERT M. KLIGMAN, MD, PHD

A number of treatments for actinic

keratosis (AK) have been well

described in other articles in this

supplement. A recent study by our group

has proposed a new approach, based on

the concept of field cancerization and

field therapy. Our purpose was to deter-

mine whether subclinical AKs can be

eradicated before they become clinically

visible, a preventive rather than a treat-

ment strategy.

Our initial hypothesis was that, as

occurs with topical 5-fluorouracil, treat-

ment with imiquimod would show the

presence of subclinical AKs in the form

of red “flares.” However, we unexpected-

ly found that imiquimod yielded impor-

tant cosmetic improvements. The pur-

pose of this presentation is to document

the clinical benefits and to describe the

histologic changes which underlie the

cosmetic improvements.

Design and Methods 
We enrolled 10 healthy women

between 45 and 55 years of age with no

clinically visible AKs. Each showed early

signs of photodamage, including fine

periorbital wrinkles, dyspigmentation

(mottling), roughness, and poor texture.

They also had prominent widened follic-

ular orifices, often called clogged pores,

which are horn-filled sebaceous follicles

analogous to microcomedones in acne

vulgaris (Figure 1).

Photodamage at baseline was

assessed by several methods. Global

assessment of appearance was made by a

dermatologist experienced in studies of

the photoaged face. Pre- and posttreat-

ment biopsies were taken for histochem-

ical analysis. Two imaging methods, dig-

ital photography and videomicroscopy,

were used to document improvement.

Finally, three bioengineering tech-

niques—Minolta colorimetry, Silflo

replicas, and fringe projection—were

used to provide objective measurements

of improvement.

The patients were treated with

imiquimod 5 days a week for 4 weeks.

This dosage differs from what is

approved by the US Food and Drug

Administration for the treatment of

AKs, which is thrice-weekly applications

for 16 weeks.

Study Findings* 
By the end of the study, patients’ fine

wrinkles were no longer visible (Figure

2). Clogged pores were no longer in evi-

dence (Figure 3 on next page). Surface

irregularities and poor texture were sub-

stantially reduced. The skin looked and

felt smoother to the touch.

The most revealing aspect of this

study relates to the histologic changes.

Pretreatment histochemical examination

demonstrated epidermal atrophy, atypia,

diffuse dysplasia with poor differentia-

tion, lack of polarity, and hyperchromatic

nuclei. Marked differences in staining,

sizes, and shapes of keratinocytes were

evident. These features are characteristic

of the photodamaged epidermis in which

AKs develop, traditionally called prema-

lignant changes. The posttreatment spec-

imens showed complete correction of

atrophy and atypia, with a greatly

enhanced granular layer, and restoration

of differentiation and polarity.

In the pretreatment Fontana-stained

specimens, dense aggregates of mela-

nosomes were concentrated over the

The posttreatment 
histochemical examination

showed complete 
correction of atrophy and 

atypia, with a greatly 
enhanced granular layer, 

and restoration of 
differentiation and polarity.

Figure 2. Digital PhotographyFigure 1. Hyperkeratotic Follicle

Digital photographs taken before (left) and after (right) treatment with imiquimod demonstrate 
the resolution of many of the fine periorbital wrinkles that are characteristic early signs of 
photodamage.

One early sign of photodamage is horn-
filled sebaceous follicles. A characteristic
prominent widened follicular orifice is
shown on this histologic specimen. 
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basalar keratinocytes. In normal skin,

melanosomes are incorporated into

phagolysosomes of the keratinocytes,

which enzymatically degrade them so

that no pigmented granules are found in

the upper epidermis or in the stratum

corneum. By contrast, in photodamaged

skin, melanosomes are not phagolysed

and can be seen not only in the upper

epidermis but also within corneocytes of

the stratum corneum. After imiquimod

treatment, there were far fewer

melanosome aggregates in the basalar

keratinocytes and none could be seen in

the horny layer. The clinical consequence

is that mottling and irregular pigmenta-

tion faded, providing a more uniform

color, a result that was highly valued by

patients.

The effect of imiquimod was con-

fined to the epidermis. The three main

components of the dermal matrix—col-

lagen bundles, abnormal elastic fibers,

and glycosaminoglycans—were not

altered.

The photoaged stratum corneum has

a number of deficiencies; prominent

among them is increased transepidermal

water loss. The horny layer is leaky and,

as a consequence, loses too much water to

the environment. It has long been recog-

nized that failure of the horny layer to

maintain a level of hydration greater than

10% results in brittleness, cracking, scal-

ing, and roughness.1 Bioengineering

techniques were performed to assess the

hydration state (including hygroscopicity

and hydrophilicity) of the horny layer

before and after imiquimod treatment. In

every case, 1 month of therapy with

imiquimod resulted in improved 

hydration of the stratum corneum.

This, in turn, softens the stratum

corneum’s horny layer, makes it more

elastic, smoothes its surface, and elimi-

nates rough scaling, promoting an even

texture.

The global improvement ratings by

the subjects and the dermatology expert

indicated substantial improvement in

appearance.

Conclusion 
Studies in which imiquimod was

used to treat AKs with thrice-weekly

applications for 16 weeks show that this

regimen often produces erosions, crust-

ing, exudation, and discomfort, often

accompanied by pain and stinging.2 In

our study, none of the patients showed

visible side effects, and none reported any

adverse sensory reactions such as sting-

ing/burning. The cosmetic attributes of

the 5% formulation were rated highly,

with good slip and rub-in, leaving no

residue, and without greasiness.

In the published studies of

imiquimod-treated AKs, the authors

noted that in addition to clearance of the

AKs, there were substantial cosmetic

improvements which they briefly

described as improvement in “skin quali-

ty.” As studies of this agent in AKs and

other conditions demonstrate, the thera-

peutic benefits of imiquimod can be

explained by activation of the innate and

acquired immune system, but this agent

also possesses other effects that are just

beginning to be understood.3,4

In sum, we demonstrated a new ben-

efit of imiquimod treatment, in a 1-

month schedule, a kind of added value to

its ability to correct epidermal dysplasia.

These findings justify further longer-

term treatment of photodamage.
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Figure 3. Videomicroscopy

Videomicroscopy was used to document the changes in surface irregularities and texture of the
skin. This technique also demonstrated that this patient’s clogged pores (left) were no longer 
visible after treatment with imiquimod (right).

* An overview of the study results is presented here. Detailed findings including statistical results,
will be submitted at a later date.
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1. Cryotherapy’s mechanism of action in the treatment of actinic
keratoses is physical destruction of _____.
a. Atypical keratinocytes
b. Melanocytes
c. Subclinical lesions
d. Both keratinocytes and melanocytes

2. Which one of the following statements about imiquimod is true?
a. Imiquimod is approved for the treatment of dysplastic nevi.
b. Imiquimod may be toxic in immunocompromised patients.
c. Imiquimod use may have some long-lasting beneficial effects

on immune surveillance.
d. Imiquimod’s mechanism of action has not been described, but

is thought to be related to inhibition of cyclooxygenase-2.

3. The most studied target of the multistep carcinogenesis concept
of cancer development has been:
a. DNA
b. Langerhans’ cells
c. RNA
d. p53 tumor suppressor gene

4. Partial-thickness keratinocytic squamous atypia is characteristic
of:
a. Actinic keratosis
b. A definitive sign that an actinic keratosis lesion is in the

process of progressing to invasive squamous cell carcinoma
c. In situ squamous cell carcinoma (Bowen’s disease)
d. Invasive squamous cell carcinoma

5. Which of the following statements concerning ultraviolet light
insult is not true?
a. Any layer of the epidermis or dermis may be affected.
b. Cells trafficking through the dermis may be affected.
c. DNA is affected.
d. Only DNA and the epidermal layer of skin are affected.

6. In terms of natural history, actinic keratoses:
a. May progress to squamous cell carcinoma
b. May progress to basal cell carcinoma
c. Will progress to squamous cell carcinoma
d. Both a and b

7. Newer standards for efficacy of actinic keratosis therapy from the
US Food and Drug Administration require that:
a. Efficacy may be established on the basis of percentage of

lesions cleared in the study population.
b. Efficacy may be established on the basis of number of lesions

cleared in the study population.
c. Efficacy must be reported in terms of number of lesions

cleared per patient.
d. Efficacy must be reported in terms of the percentage of

patients who experience complete clearance of their actinic
keratoses.

8. In populations in the northern hemisphere, the percentage of
adults who have at least one actinic keratosis lesion ranges from:
a. 1% to 15%
b. 11% to 25%
c. 21% to 35%
d. 31% to 45%

9. Which one of the following statements concerning the risk for
squamous cell carcinoma is not true?
a. Risk increases with increased sun exposure.
b. Risk increases with the length of time that actinic keratoses

are present.
c. Risk increases in a particular region of skin when actinic 

keratosis lesions are hyperkeratotic in that area.
d. Studies of actinic keratoses and squamous cell carcinoma show

that squamous cell carcinoma risk increases according to the
number of actinic keratoses that are present at baseline.

10. The early signs of photodamage include mild wrinkling,
dyspigmentation, and ______.
a. Cornflake-like scaling
b. Solar elastosis
c. Telangiectasias
d. Rough surface features  
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