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Abstract: The most compelling reason and primary goal of treating actinic keratoses is to
prevent malignant transformation into invasive squamous cell carcinoma, and although there
are well established guidelines outlining treatment modalities and regimens for squamous cell
carcinoma, the more commonly encountered precancerous actinic lesions have no such standard.
Many options are available with variable success and patient compliance rates. Prevention of
these lesions is key, with sun protection being a must in treating aging patients with sun damage
as it is never too late to begin protecting the skin.

Keywords: actinic keratosis, photodynamic therapy, topical chemotherapy, field therapy

Introduction

Actinic keratoses (AKs) are common (estimated prevalence of 39.5 million in 2004
alone, 26 million of which were in patients over 65 years of age) epidermal lesions
that have the potential to progress to invasive squamous cell carcinoma (SCC), with
the highest incidence in the aged population. Chronic exposure to ultraviolet radia-
tion in fair-skinned patients is the most important risk factor for the development of
AKs. Clinically, they can vary from small erythematous scaly macules to pigmented
rough patches to hyperkeratotic cutaneous horns in sun-exposed areas.! They are the
second most common diagnosis made by dermatologists in their practices and account
for more than 5.2 million office visits a year, leading to over $920 million spent on
treatments.>* The annual rate of transformation of AKs to SCC is controversial with
reports ranging from 0.025%—-20%, and with no clinical way of determining which
lesions will progress, clinicians are obligated to treat all AKs encountered.

As the burden of AKs is high, preventive measures have been actively sought after.
Sunscreen has shown to be an effective AK prevention method reducing up to 24%
AK lesions over time, even compared with beta carotene and topical tretinoin cream
0.05%.%¢ Nicotinamide (vitamin B3) 500 mg daily or twice daily for 4 months has also
shown a 29%-35% relative reduction in AK count when studied. Celecoxib 200 mg
twice daily for 9 months was shown not effective for preventing AKs but data does
suggest a preventive effect in nonmelanoma skin cancers.’

A number of treatment options are available to treat the AK lesions, thus reduc-
ing the risk for progression as well as providing symptomatic relief in the cases that
are irritating and/or pruritic. Therapies can be divided into lesion-directed therapy
that targets specific AK lesions or field-directed therapy that is used for treatment
of multiple clinical lesions in an area as well as subclinical AKs. This review will

submit your manuscript
Dove

http:

Clinical Interventions in Aging 2013:8 29-35 29
© 2013 Uhlenhake, publisher and licensee Dove Medical Press Ltd. This is an Open Access article
which permits unrestricted noncommercial use, provided the original work is properly cited.


mailto:euhlenha@med.wayne.edu
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/CIA.S31930

Uhlenhake

Dove

summarize both targeting options of AK treatment and the
various modalities utilized (Tables 1 and 2).

Lesion-targeted therapies

The most commonly used therapy for AK treatment is
cryotherapy either sprayed with a cryogun or placed directly
on the lesion with a cotton swab.® Spray therapy has been
shown to effectively cure 98.8% of lesions followed up over
1-8.5 years.” The cure rate is technique dependent; how-
ever, 1-5 seconds of spray showed a 39% cure rate whereas
20 seconds or more increased the cure rate to 83% in one
study.'® Side effects such as hypopigmentation increases to
up to 29% with increased freeze time (>20 seconds) limit-
ing the cosmetic outcome.!® Some practitioners opt for more
than one cycle of therapy to increase efficacy. Side effects
include blistering, hypopigmentation, hyperpigmentation,
scarring, and infection as well as discomfort during the
freezing cycle.!" Electrodessication and curettage is also an
option for lesion-directed therapy that is often utilized for
hyperkeratotic AKs and those with follicular involvement
as other therapies cannot penetrate as deep as electrodes-
sication and curettage, providing 95%-99% clearance.'?
Immunocompromised patients with AKs are also more
likely to have a better outcome with electrodessication and
curettage as well."

Field-directed therapies

When lesions become less well defined and more confluent
in nature, field therapy can become an attractive option as
it can target both clinical and subclinical lesions over larger
areas. Subclinical AKs that have the same histologic atypia as
clinically visible AKs are common in patients with aged and
sun-damaged skin.'* Because they can exceed the number of
clinically visible AKs by ten-fold, these untreated subclinical
lesions can lead the practitioner to believe they are recurrent
lesions after spot treating rather than new clinically appar-
ent AKs erupting.”” Among patients with multiple AKs as
is usually the case, the cumulative lifetime risk of at least
one invasive SCC is estimated at 6%—-10% depending on
the number of lesions and duration of lesion persistence.'®!”
Thus, it is appropriate to treat all lesions, both clinical and
subclinical, to prevent progression to invasive cancer.

Field therapies can be divided into patient-administered
options such as topical therapies and physician-administered
options such as photodynamic therapy (PDT), laser resurfac-
ing, dermabrasion, and medium- to deep-depth chemical peels
(Table 1). Compliance is a concern with patient-administered
therapy as it requires patient adherence to the treatment

regimen that can be uncomfortable and time consuming.
Early discontinuation of therapy decreases efficacy and lesion
clearance rates.!® The physician-administered options can be
expensive and require training and expertise in this area as
well as the necessary procedural equipment.'*

Comparative clinical trials regarding overall safety,
efficacy, and recurrence data are not easily interpretable in
the various treatment options as studies looking at each of
these points are not uniform in reporting. Study endpoints
used include 100% clearance of AKs, a 75% reduction in
AKs after treatment that may be more clinically relevant,
length of time of evaluation, recurrence percentages, and
the type of AKs cleared (clinical, subclinical, or both).
A more standardized approach is needed with a set definition
of “clearance” or “cure rate” to allow a more objective
comparison of therapeutic options.

Current approved topical therapies include 5-fluorouracil
(5-FU) 0.5%-5% cream, imiquimod 5% and 3.75%,
diclofenac sodium gel 3%, and ingenol 0.015% and 0.05%
gel. Since the 1960s, when it was observed that oral admin-
istration of 5-FU for breast and rectal cancer incidentally
resolved AKs, topical 5-FU has been approved for the treat-
ment of AKs. The mechanism of action for 5-FU involves
inhibition of thymidylate synthetase, which leads to a reduc-
tion in DNA synthesis and cell death. Topical 5-FU therapy is
available as a cream or solution in 0.5%—5% concentrations.
Side effects of 5-FU include application site reactions such as
erythema, erosions, edema, and dryness.'*? Petroleum jelly,
cold compresses, or a mild hydrocortisone 2.5% cream can
be provided for comfort during therapy that will not decrease
clearance of AKs.?! The 0.5% 5-FU cream is prescribed once
daily and the 5% 5-FU cream twice daily for 3—4 weeks, giv-
ing around a 58% total lesion clearance and 75% clearance
of lesions by 75% patients.?

Topical imiquimod cream is a toll-like receptor-7
agonist that induces synthesis and release of interferon-y,
interleukin-12, and tumor necrosis factor, activates
Langerhans cells, and recruits macrophages that lead to
apoptosis of AK cells.? Imiquimod 5% cream was approved
in 2004 as a twice a week application for 16 weeks for the
treatment of AKs on the balding scalp and face. Imiquimod
3.75% cream was approved for the same indication in 2010
applying once nightly for 2 weeks of treatment, followed by
2 weeks of no treatment (rest period), followed by another
2 weeks of treatment. Side effects include irritation, redness,
and rarely flu-like symptoms and lymphadenopathy.®
Imiquimod 3.75% cream offers the advantages of a shorter
total treatment duration and the ability to treat a larger area

30 submit your manuscript

Dove

Clinical Interventions in Aging 2013:8


www.dovepress.com
www.dovepress.com
www.dovepress.com

Treatment of actinic keratoses

Dove

(ponunuon)

uolIssas
42d 0§7$-5T | $ a5esaAy

1S vy 4od [€591$
UOISSas JudWIBA.Y
Jad 0G6¢ a8euany

90'809%
:s395pded 224y 98 %5070

90'809%
:s19pded oma 198 %500

£6'655%
aqm 3 001 98 %1

(o1aua8) gepey$ ‘(pueq
mEN:v 9SJN0d jusunesdl

auo Jo} sadeded

2243 78'059% ‘%S
10'109%

{(yoea 87) X0q BUO %S/'€
(o149ua3)

66°101$ (pue.q aweu)
9T1$ 22 0| uonN|os %g
(o149ua8)

86'6¥T$ ‘(Pueaq aweu)

paysi|qelss 10N
peausuIea | dd/ VI

J9)Je syauow ¢ SdueIRIPD
919|dwod paaaiyde syuaned %G9
usunesn | ad/ vy

J91JB $H99M g ddURIED|D
919|dwod paasiyde syuaned %99

1¢S99M g I
2dURIBIP %G/ PBY %] "6 APOq
uo |98 %G0°0 YaIm dUBJIES|D
%001 paadiyde syuaned % | p€
1£S[99M g 3B @dURIRDD

%SL PeY %6'€9 ‘djeds pue a3

uo |38 %G 0°0 YIM SdueIEI|D
%001 Panaiyde sauaned %z7°Ty
(Ausuneaay

sAep 06—09 I934& ddULIES|D

%001 PaAaiyde sauaned %0g

sy @IUBIBI|D %G/ PIAdIYDE

%09 SlIYm Wea.ud 9%G/°¢ YIm
JuswneauIsod sye9Mm g ddueIed|d
%001 Panaiyde sauaned %ge
s4¢@IUBIBI|D %G/ PAASIYDE

%09 IYM WeaJd %G YIM
JusuneaINsod $aaMm g adUEIEd|D

%001 PaAaiyde sauaned %Gy,

ZWEB3dD %G YIIM duedes|d

sisoJdau
1192 oyadsuoN

X| utihydaodoyoud
Jo uoneAnde Y3
Ja1ye pasnpoud
a.e s[edIped 9344

A121x010143 J|Nn|[9
juapuadasp-Apoqnue
pazeipaw-|iydo.anau
pue sIsoJadau Jejn|jed
syadsuou yam 19159
suadusaip d1phd0.e)y

7-95eUa3AX00|24A
saqIyy|

10328 SISOJd3U Jown]
pue ‘g |-upnajia3ul
‘A-uouayumul

saoNnpul 383 Isiuode
1oL

/-101dedau 9

yaeap |22
Pasea.dul pue sisayluAs

9oualiadxa Jasn pue ||ijs
saJainbau Y31y sadua.undau
Inq 9AndaYd Ajeniul ‘Buiduns
‘BWIPd ‘BWAYIAID ‘Uley
pIVEITTRI-CN

J9)Je sunoy gp—, 7 uondaoud
uns 32143s d2130e.4d Isnw
2USWIED.Y ISR SHIIM § 01
dn 3se| Aew 3unsnud ‘Buiduns
‘BWDPd ‘BWAYIAID ‘Uley

Bunsnao ‘smyanad

‘Buifjams ‘uoneuswdidsAp
‘UONEINJISIA ‘Buljeds ‘ssaupay
BWSYIAIS UONEBZNISUSS 1DBIUOD
‘SAIVSN -0 uLidse o1 213u9|e
asoy3 03 uopndeal dI349||y

ewapaoidue ‘ondiey

*19A9} ‘swordwiAs |I-n|y
A2 3uyjeds ‘uoneanpul
‘snaiunud ‘Sunsnuad ‘ewayfig

S3|Nsa. D139WS0D
JUB[|9IXD YUM
uoneusAnfaI0I0yy
S3|NSaJ DIBWSOD
poo3 yum
uoneuaanfaioloyd
aoueldwod

pue saje
Qdoue.Bdd YSIH

Juaned

Joj uoneunp
uoned|dde
JUdWEaI] 20YS

BWIYIAIS pue
uonelLLIl padIWIT]

|IDEINOION|-G
uey) ewayahis
J9piw
‘@dUaJ4Jandau
JuaAa.d Aew ey
Alowsw sunwwy
9onpul 01 paAsljeg
Adeaayy

J2)je S9aM T
3|NsaJ d1IPWS0d
poog ‘@dueldwod
YaIm 938 24nd

S99M § AI9A]

So9M 9—
AJ9A3 suolssas
JUBWIEDIY §—|

uonn|os s Jaussaf

INOYIIM JO YiIM

‘%08 40 %S¢ pPe
2139280JO[YdL |

SpU0d3s Of
sanuIw 9|
aunsodxa 143y
on|q ‘sunoy 7—|
pa3eqnoul v

sjoad [eoiwayD

3ysl| enjq/1ad

sjusawWIea.) paJajsiuiwipe-uenisAyd

SINIWR.IXD

pue yun.l Joy
sAep ¢ ‘djess pue
908} sAep ¢ J0y
uonediidde Ajieg

skep 06-09

404 ApydiIN

Ajrep weaud %6/°¢
3uisn >29Mm e U0y
Uo U3yl S2am e
Ho uayy Heam
auo Joj Areq
‘weadd %G

3uisn syPam 9|
J0J Xo9M B 92IM |

SYOOM p—¢

SIWRIIXD
pUE jun.} 4oy
198 %5070 ‘djeos
pue 3%} Joj}

198 %5100

108

ueuoun[eAY %5
Ul weaud ¢

Wea.dd %9 ‘%S/'€

Jouadu|

JBUBJOPDI]

powinbiwy)

66'SHES$ B o weaud %g %G/ paAsiyde sausned %G/ VNQ 8upnpau Buraeds y3iy ‘@3esn Joy Ajiep weaud
16°6/7$ 8 0 weaud 9| 9lym SduBJBID  ‘9seIayIuAs 21ejApIlAyl [enusod ‘Buieds ‘Guiead  juoddns oreep Jo 9 |—%G°Q 40 Ajiep uonnjos
68'87T$ 8 0€ weaud %4570 %001| PaAaiyoe syuaned %gg Jo uoniqiyu| ‘ewaykla ‘smunud ‘Buiuing saeak 0§ JOAQ 9DIM) WD %G ‘Weaud %4G-%G’0  |IdBInodonjy-§
sjusWIEI) paJajsiulupe-jusaied
uswi3au fyrepowr
3s0D Aoeoyy3 393.4e) Jejndajoly $329)J9 9pI§ sadejueApy juswiyead uoie|nw.Io4 juswiead

$95018.9Y| 21unde Joj suondo dnnadessyy psadadip-plRl | d|qeL

31

submit your manuscript

Clinical Interventions in Aging 2013:8

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Uhlenhake

Dove

Table | (Continued)

Cost”

Efficacy

Molecular target

Advantages Side effects

Formulation Treatment

Treatment
modality

regimen

requires user experience;

low clearance rates

Note: *Epocrates Essentials (ePocrates Rx). ePocrates, Inc; Ver 4.5.

Abbreviations: ALA, aminolevulinic acid; Erb:YAG, erbium-doped yttrium aluminum garnet; MAL, methyl 5-aminolevulinate; NSAIDs, nonsteroidal antiinflammatory drugs; PDT, photodynamic therapy.

compared to imiquimod 5% cream (200 cm? versus 25 cm?,
respectively).?> However, complete clearance rate for the 5%
cream is higher at 45% when used twice weekly versus 35%
with the 3.75% cream used daily at 8 weeks posttreatment.?*?
Using the 5% cream three times a week for 16 weeks can
increase complete clearance up to 57%.%

Diclofenac 3% topical gel with hyaluronan is a nonsteroi-
dal anti-inflammatory agent that inhibits cyclooxygenase-2,
an enzyme increased in sun-exposed skin, AKs, and SCCs
that supports tumor growth by promoting angiogenesis and
inhibiting apoptosis.?’*® Treatment regimens vary from
twice daily application for 60-90 days with a 50% efficacy
compared with 20% efficacy with hyaluronan alone. Adverse
events include pruritus, paresthesia, rash, edema, and contact
dermatitis.”

Ingenol mebutate is a diterpene ester found in the sap of
the plant Fuphorbia peplus. The method of action is not fully
understood but in vivo models have shown a two-fold mecha-
nism involving cellular necrosis as well as neutrophil-mediated
antibody-dependent cellular cytotoxicity of residual cells.*
Complete clearance for AKs on the face and scalp treated
with ingenol mebutate 0.015% gel for 3 days was 42.2% at
the 8-week follow-up visit and 34.1% for AKs on the trunk
and extremities using ingenol mebutate 0.05% gel for 2 days.*!
Local reactions of redness, scaling, vesiculation, dyspigmenta-
tion, swelling, pruritus, and crusting peaks at 4—8 days, which
can last up to 30-55 days.*! The short therapeutic regimen is
an attractive option for increased compliance and therefore
outcomes, but longer term data is not available.

With all topical therapies, it is recommended to avoid the
orbital of the eye to avoid painful swelling, avoid ultraviolet
radiation, instruct patients to wash hands after application,
and start with one body part at a time such as face, scalp,
or single extremity to avoid systemic absorption or severe
irritation. To increase compliance and adherence to therapy,
full disclosure of anticipated course and results including
pictures of the inflammation should be given to patients.

Approved for lesion-directed therapy in 1999, PDT
involves applying 5-aminolevulinic acid or methyl
S-aminolevulinate topically, which undergo conversion to a
photosensitizer protoporphyrin IX in abnormal keratinocytes.
Free radicals are produced after light activation, which result
in targeted tissue destruction.’? It is used off-label for field
therapy. Pretreatment with dermabrasion, curettage, or urea
cream can increase efficacy. Food and Drug Administration-
approved regimens include using 20% S5-aminolevulinic
acid solution and blue light for 16 minutes and 40 seconds
or 16.8% methyl 5-aminolevulinate with red light for
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Table 2 Lesion-targeted versus field-directed therapies

Lesion type
targeted

Approaches

Advantages Disadvantages

Lesion-targeted Isolated, singular Liquid nitrogen,

therapy lesions electrodessication

and curettage

Field-directed Diffuse clinical and 5-fluorouracil,

therapy subclinical lesions imiquimod, diclofenac,
ingenol, photodynamic
therapy, chemical peels,

dermabrasion, laser

— Localized side effects Addresses only clinically

— Less downtime after treatment apparent lesions
— High efficacy -
— Cheap -
— Readily available -

— Can leave scarring

Can require multiple treatments
Efficacy is technique dependent
Painful during procedures

— Field cancerization treatment — More diffuse side effects
— Improved cosmetic outcome — Unpredictable patient response
— More diffuse and larger areas — Patient compliance with patient
can be treated at once administered therapies

— Longer downtime

— More expensive and not all
covered under insurance plans

— Potential for scarring

7—-10 minutes.’?> The efficacies can vary depending on
pretreatments, incubation periods, type of light used and
parameters, and photosensitizing agent but can be up to
66% with good cosmetic results including cosmetic photo-
rejuvenation that can be appealing to patients.!*>** Patients
must wear protective eyewear while exposed to the light
and practice strict sun protection with hats, sunscreen, and
ultraviolet radiation avoidance at least for 24—48 hours after
treatment.

For all resurfacing modalities, evidence to support use
is limited to case reports, descriptive series, and expert
opinions with no randomized controlled trials. Many are
operator dependent and rely on the experience of the provider.
Regarding peels, trichloroacetic acid 35% (medium) or
50% (deep) with or without Jessner’s solution (resorcinol,
lactic acid, and salicylic acid in ethanol) have mostly been
used. Side effects include peeling, erythema, crusting,
dyschromia, scarring, and discomfort. One prospective trial
showed comparable treatment clearances of 83%—92% using
trichloroacetic acid peels, a course of 5-FU, or carbon dioxide
laser.>2*¢ A study of five patients using two to three passes of
erbium-doped yttrium aluminum garnet laser showed histo-
logical reversal of actinic damage 3 months after treatment
and an 86%—96% decrease in number of AKs.*’

Combining therapeutic modalities

As there is no universal standard monotherapy established,
combination therapy has the potential to improve efficacy,
increase patient satisfaction, and potentially have a cosmetic
benefit. Combining 5-FU with other therapies has shown
promising results. One-week treatment with 0.5% 5-FU
followed by cryotherapy for facial AKs resulted in 30%

complete clearance, compared to 8% of subjects who received
vehicle followed by cryotherapy at 6 months.?® In another
study, 59.5% of patients whose AKs were treated with both
cryotherapy and imiquimod 3.75% achieved complete clear-
ance of those lesions when evaluated 20 weeks posttreatment
in comparison to 29.8% of patients whose AKs were treated
with cryotherapy alone.* In a survey of 293 dermatologists
from an American Medical Association database, only 10%
of patients with AKs were treated with combined cryotherapy
and field-directed therapy even though complete clearance of
lesions was more common when field-directed therapy was
used in conjunction with cryotherapy.*’

Combining 70% glycolic acid with 5-FU showed a 92%
reduction in the number of AKs compared to a 20% reduc-
tion with the chemical peel alone.*' Using 20% aminolevu-
linic acid PDT followed 1 month later by 5% imiquimod
twice a week for 16 weeks showed a 90% lesion clearance
versus 75% for PDT alone at 6 months after treatment.*
Topical therapies can also be combined together especially
in cases of recalcitrant lesions. Once daily application of
imiquimod and 5-FU for an average of 1-12 weeks histo-
logically resolved AK lesions in ten out of ten patients in a
recent study of treatment-refractory AKs.** A similar study
showed topical 5-FU in the morning and imiquimod 5%
applied at night for 1 week of therapy, repeated monthly
for up to 3 months, achieved greater than 90% complete
clearance; however, 17% patients withdrew due to adverse
effects.*

Combining field and lesion specific treatment modalities
has the benefit of utilizing intense localized destruction to
more aggressive lesions while at the same time providing a
more tolerable course for the background of actinic damage.
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For instance, curettage of hyperkeratotic lesions can be
combined with a topical chemotherapy regimen or PDT for
smaller lesions and subclinical damage. This personalization
is key in efficacy and overall patient satisfaction. The risks of
inflammation, scarring, dyschromia, and patient discomfort
are synergistic, however, in combining multiple therapies
and should be discussed fully with patients. Also, higher
costs must be considered with potential insufficient insur-
ance coverage given the lack of standardized combination
treatment protocols.

General treatment
recommendations and decision
making

As there is no way to clinically determine which lesions
will transform into invasive SCC, recur after treatment,
and metastasize (the 5-year recurrence rate of SCC is 8%
and metastasis rate is 5%), all efforts to eradicate AKs are
recommended.'*'"* As presented, many options are avail-
able for both spot and field therapies (Table 1). Since there
are no specific guidelines available guiding physicians in
either types of treatment, physicians should consider the
number, duration, localization, extent, and clinical course
of lesions; patient’s age, comorbidities, risk factors such as
immunosuppression, history of skin cancer, or continued
sun exposure; cost of therapy; physician’s familiarity with
treatment procedure; and patient’s personal preference in
deciding an appropriate therapy.'

It cannot be overemphasized that follow-up is crucial
no matter what therapy is chosen. There are no estab-
lished guidelines stating when this should occur; regard-
less, patient follow-up needs to take place at least on an
annual if not semiannual basis to determine if lesions have
resolved, new AK lesions have occurred, and to screen
for more invasive lesions. Clinical features suggestive of
malignancy include induration and inflammation, diameter
greater than 1 cm, rapid enlargement, bleeding, erythema,
and ulceration.*® Other risk factors for progression of AK
to SCC include hyperkeratotic lesions; lesions on lips,
nose, ears, eyelids; male gender; older age; prior history
of skin cancer; skin type Fitzpatrick I and II; continued
sun exposure; and status post organ transplantation
(immunosuppression).'

At each encounter, education on sun protection with
hats, sun protective clothing, sunscreen greater than
SPF 15 applied every 2-3 hours, and avoiding midday sun
exposure is of utmost importance as prevention is the best
treatment of all.
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