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Objective: To examine the safery and efficacy of pho-
todynamic therapy using topical 5-aminolevulinic acid
(ALA) and red light to treat actinic keratoses (AKs),

Deslgn: Actinic keratoses were treated with topical ALA
{concentrations of 0%, 10%, 20%, or 3%%) under occlu-
sion for 3 hours. Before photodynamic therapy, sites were
examined for uorescence. Sites were irradiated with an
argon pumped dye laser (630 nm) at fluences of 10 to
150 Jem?,

Setting: Academic medical center.

Patlents: Forty patients with 6 clinically typical, pre-
viously untreated AKs per patient.

Main Outcome Measwre: Complete resolution and de-
crease in lesion area of the AK relative 1o baseline evalu-
ated at weeks 1. 4, 8 and 16.

Reswlts: Three hours after ALA administration, lesions

showed moderate red fluorescence. Cutaneous photo-
toxic effects, localized erythema and edema, peaked at
72 hours. Patients experienced mild burning and sting-
ing during light exposure. Eight weeks alter a single
treatment using 30% ALA, there was 1otal clearing of
91% of lesions on the [ace and scalp and 45% of lesions
on the trunk and extremities. No significant differences
were observed in clinical responses with treatment
using 10%, 20%, or 30% ALA. All concentrations of
ALA were more effective than treating AKs with vehicle
and light.

Concluslons: Topical photodynamic therapy with ALA
is an effective treatment of typical AKs. Complere clear-
ing of nonhypertrophic AKs can be achieved with 10%,
20%, or 30% ALA that is easily wolerated by the patient.
Lesions on the face and scalp are more effectively treated
than lesions on the trunk and extremities. Hypertrophic
AKs did not respond effectively.
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HE APPLICATION of S-ami-

nolevulinic acid (ALA)

topically on skin leads to

the accumulation of the en-

dogenous photosensitizer

protoporphyrin IX (Pp IX) in epidermal

cells, Conversion of ALA to Pp IX is ac-

complished in normal and neoplastic skin

cells by enzymes in the heme pathway.

Protwporphyrin 1X is characterized by a

bright orange-red luorescence and can be

visualized in the skin when illuminated

with a UV lamp. The tissue-specilic pho-

totoxic effects resulting from the topical

administration of exogenous ALA pro-

vide a basis for using ALA-induced Pp IX
for photodynamic therapy (PDT).!

Photodynamic therapy using topi-

cal ALA has been shown efficacious in

squamous cell carcinoma in situ (Bowen
disease).’* Topical PDT with ALA also
has been reported useful for the treat-
ment ol actinic keratoses (AKs) (solar
keratoses),'* but these studies have
been done in only a small number of
patients and have used a fixed concen-
tration of ALA (20%) with filtered or
unfiltered visible light from a slide pro-
jector. The purpose of this dose-ranging
study was to determine the safety and
clinical efficacy of topical ALA (10%,
20%, or 30% ALA concentration) vs
vehicle control with visible red light
delivered by laser for the PDT of AKs.

— T

Thirty-nine of the 40 patients completed

the treatment of various su
thelial cutaneous malignam
including basal cell carci
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Objective: To examine the safery and efficacy of pho-
todynamic therapy using topical S-aminolevulinic acid
(ALA) and red light to treat actinic keratoses (AKs),

Deslgn: Actinic keratoses were treated with topical ALA
{concentrations of 0%, 10%, 20%, or 3%%) under occlu-
sion for 3 hours. Before photodynamic therapy, sites were
examined for uorescence. Sites were irradiated with an
argon pumped dye laser (630 nm) at fluences of 10 to
150 J/em®.

Setting: Academic medical center.

Patlents: Forty patients with 6 clinically typical, pre-
viously untreated AKs per patient.

Main Outcome Measwre: Complete resolution and de-
crease in lesion area of the AK relative 1o baseline evalu-
ated at weeks 1. 4, 8 and 16.

Reswlts: Three hours after ALA administration, lesions

showed moderate red fluorescence. Cutaneous photo-
toxic effects, localized erythema and edema, peaked at
72 hours. Patients experienced mild burning and sting-
ing during light exposure. Eight weeks alter a single
treatment using 30% ALA, there was 1otal clearing of
91% of lesions on the [ace and scalp and 45% of lesions
on the trunk and extremities. No significant differences
were observed in clinical responses with treatment
using 10%, 20%, or 30% ALA. All concentrations of
ALA were more effective than treating AKs with vehicle
and light.

Concluslons: Topical photodynamic therapy with ALA
is an effective treatment of typical AKs. Complere clear-
ing of nonhypertrophic AKs can be achieved with 10%,
20%, or 30% ALA that is easily tolerated by the patient.
Lesions on the face and scalp are more effectively treated
than lesions on the trunk and extremities. Hypertrophic
AKs did not respond effectively.
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HE APPLICATION of S-ami-
nolevulinic acid {ALA)
topically on skin leads to
the accumulation of the en-

squamous cell carcinoma in situ (Bowen
disease).’* Topical PDT with ALA also
has been reported useful for the treat-
ment of actinic keratoses (AKs) (solar
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dogenous photosensitizer
protoporphyrin IX (Pp IX) in epidermal
cells, Conversion of ALA to Pp IX is ac-
complished in normal and neoplastic skin
cells by enzymes in the heme pathway.
Protwporphyrin 1X is characterized by a
bright orange-red luorescence and can be
visualized in the skin when illuminated
with a UV lamp. The tissue-specilic pho-
totoxic effects resulting from the topical
administration of exogenous ALA pro-
vide a basis for using ALA-induced Pp IX
for photodynamic therapy (PDT).'
Photodynamic therapy using topi-
cal ALA has been shown efficacious in
the treatment of various superficial epi-
thelial cutaneous malignant neoplasms,
including basal cell carcinoma and
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keratoses),'* but these studies have
been done in only a small number of
patients and have used a fixed concen-
tration of ALA (20%) with filtered or
unfiltered visible light from a slide pro-
jector. The purpose of this dose-ranging
study was to determine the safety and
clinical efficacy of topical ALA (10%,
20%, or 30% ALA concentration) vs
vehicle control with visible red light
delivered by laser for the PDT of AKs.

Thirty-nine of the 40 patients completed
the 16-week study. One patient voluntar-
ily withdrew afier 4 weeks because of a
schedule conflict.



PATIENTS AND METHODS

PATIENT POPULATION

Forty patients (3 women and 37 men; median age, 70.5 vears
[range, 47-83 years]} with 6 AKs per patient were in
cluded in the study. A tatal of 218 lesions (grades 1-3) were
evaluable at 8 weeks (grade 1, 78 lesions; grade 2, 118; and
grade 3, 22). Of the 196 evaluable grade 1 and 2 lesions,
128 were on the trunk and extremities and 68 were on the
face and scalp. Of the 22 grade 3 lesions, 21 were on the
trunk and extremities and 1 was on the face or scalp. The
largesi diameter of the lesions ranged from 2 mm to 2.1
cm (median, 9 mm)}. Patients were excluded if they had re-
ceived treatment of target AKs, or if they had used topical
corticosteroids (previous 2 weeks); 1opical a-hydroxy ac-
ids or systemic corticosteroids (previous 4 weeks); or sys-
temic retinoids, chemotherapeutic agents, or immuno-
therapy {previous & months). Pregnant or nursing women
or patients with a history of cutaneous photosensiuvity also
were excluded. The study was approved by the University
of California, lrvine, Human Subject Research Commit-
tee. Each patient received ¢ hensive information about
the nature of the study and written informed consent was
obtained before recruitment.

DRUG APPLICATION

Before application, ALA was admixed with a proprietary
emollient vehicle (M354, DUSA Pharmaceuticals Inc,
Tarrytown, NY) to produce concentrations ol 108, 20%,
and 30%. 3-Aminolevulinic acid test preparations at con-
centrations of 0%, 10%, 20%. or 30% were assigned to
patients on a nonblinded basis, All 6 sites on a patient
were treated with the same concentration of ALA. After
applying ALA 1o target lesions and 10 1o 20 mm of sur-
rounding normal skin, test sites were covered with an
adhesive, skin-colored, aluminized ccclusive tape (3M
Pharmaceuticals, 5t Paul, Minn) to prevent exposure (o
ambient light. Three hours after ALA application, imme-
diately before assessment of fluorescence, the tape was
removed and the area wiped to remove excess drug from
the skin,

ASSESSMENT OF FLUORESCENCE

Immediately before light treatment, fluorescence of the
treated lesions and surrounding normal skin was exam-
ined visually using a UV lamp {model B-100 AP, UVP, San
Gabriel, Calif) containing a mercury flood lamp (model H-44
JM-100, Sylvania). Fluorescence intensity was scored as 0,
none; |, weak: 2, moderate; or 3, intense,

LIGHT TREATMENT

An argon pumped dye laser (model 920, Coherent Medi-
cal, Palo Alwo, Calif) tuned to emit radiation at 630+ 1 nm
was used for the light treatments. A remote fiber splitter
{model 1025, LaserTherapeutics, Buelton, Calif) permit-
ted simultaneous laser irradiation of ireatment sites. Each
fiberoptic terminated in a microlens that focused the laser
radiation onto a 2-cm-diameter circular field of uniform light
intensity. Laser irradiation emanating from the fiber was

monitored with a power meter (model 210, Coherent Medi-
cal) before, during, and after treatment. The power den-
sity of the laser irradiation was gradually escalated (50, 100,
150 mWiem’) in the first 10 patients to assess tolerance
and safety. Because these patients easily tolerated all the
power densities and there was no difference in patient tol-
erance at low and high power densities, the last 30 pa-
tients were reated using 150 mWicm®. Each of the 6 AKs
on each patient were weated with 1 of the following flu-
ences: 10, 25, 50, 75, 100, or 150 Jiem?.

CLINICAL ASSESSMENT

Salety and clinical assessments were performed at base-
line, immediately after PDT, and at 24 and 72 hours and at
1.4, 8, and 16 weeks after PDT. Clinically typical AKs were
selected by trained investigators as scaly erythematous pap-
ules and plaques devoid of cystic pores or a papillomatous
surface (10 excluded seborrheic keratosis and vermucae). Be-
cause having 6 lesions was required to enter the study, the
patients had severe solar damage and had many AKs, of
which only typical, casily evaluable lesions were selected.
Lesions were clinically graded using critena similar to those
reported by Olsen et al* which were used to evaluate AKs
treated with masoprocol cream, The criteria for each grade
of AK are 1, easily seen, with slightly palpable hyperkera-
tosis (a thin AK); 2, easily seen and well-developed. easily
palpated hyperkeratosis (typical well-developed AK); or 3,
thick hyperkeratosis. evidence lor thickened epidermis at
margin of the AK. or both (hypertrophic or hyperkera-
totic AK). The dimensions of the AK were measured and
area {mx ' length X V2 width) was calculated. Clinical re-
sponse was defined as the percentage reduction of pretreat-
ment lesion area and rated as complete response (CR), clear
of palpable or visible lesion; partial response (PR}, be-
tween 50% and 100% reduction in lesion area; or no re-
sponse (NR), less than 50% reduction in lesion area. Le-
sions that did not have a CR at week 16 were treated with
liquid nitrogen. Before and immediately after PDT and at
each subsequent visit, treatment sites were evaluated for
ohjective changes, including wheal-lare reactions (0, none,
I, minimal or barely percepuible; 2. moderate; and 3, se-
vere), skin phototoxic effects (0, none; 1, minimal, asymp-
tomatic erythema; 2, moderate erythema with pruritus or
edema; 3, severe erythema with moderate to severe edema,
and 4, skin ulceration), Subject assessment of patient dis-
comfort from pain, burning and stinging, and itching was
graded as 0, none; 1, slight; 2, moderate; 3, severe; or 4,
very severe), Standard hematologic and biochemical labo-
ratory values were evaluated at baseline and again at | week
after PDT. Urine ALA was measured at baseline and a1 24
hours after ALA application. Safety of the treatmenis was
assessed by adverse events, the POT response, and labora-
tory resulis.

The Student ¢ test was used 1o compare quantitative
variables. Summary statistics are expressed as mean=5D,
Dilferences in clinical response between treatment vari-
ables were tested using the x* test, or the Fisher test
for small sample numbers, The Spearman rank order
correlation was used to evaluate the relation between
fluorescence, phototoxic effects, discomiort, and clinical
response. Linear regression was used to evaluate
the relation hetween respense and light fluence
administered,
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Figure 1. Actimic kevaloses (AK) Muovescence affer lopical S-aminglevuling
Scid fragtemand, Top and camer, Weak Muorescence of AK on extremily,
with minimal Nugrescence of adfacen! normal skin. Bottom, More intense
fiuarescance of AR on scalp, with significant Muorescance of adiacent
normal-appeaning sun-damaged skin.

Pp IX FLUORESCENCE

Three hours of occluded application of ALA cream pro-
duced weak to moderate red fluorescence of grade 1 to
2 AKs at all concentrations of ALA. There was no sig-
nificant dilference between AKs wreated with 10%, 20%,
or 30% ALA. Thick, hyperkeratotic grade 3 AKs showed
significantly less fluorescence. The surrounding normal-
appearing sun-damaged skin treated with ALA showed
a lesser degree of fluorescence. This selectivity was less
pronounced on areas of the face and scalp, where both
lesion and adjacent skin showed moderate fluores-
cence, with the AKs fluorescing brighter than the sur-
rounding sun-damaged skin (Figere 1)

CLINICAL RESPONSE

The clinical response rate of grade 1 and 2 AKs and grade
3 AKs at 4, 8, and 16 weeks alter PDT is shown in
ﬂ’ur‘ 2 and Flgere 3, respectively. Maximum clini-
cal improvement was obtained with treatment of grade
1 and 2 lesions with 30% ALA (61%, CR; 26%. PR). The
clinical response of grade 1 and 2 AKs treated with 10%,
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Figure 2. Response rate of all grade 1 and 2 (fypical) actinic keratoses
freated with 5-aminalevulinic acid (ALA} photodynamic therapy.
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Figure 3. Response rate of alf grade 3 (thick hyperkeratolic) achnic
keratoses frealed with S-aminoieveanic acd (ALA) photodyramic therapy.

20M%, or 30% ALA and light was significantly better than
AKs treated with vehicle and light (P<<.001). Thick, hy-
perkeratotic grade 3 AKs did not respond elfectively 1o
treatment with 20% or 30% ALA.

Actinic keratoses on the face and scalp responded
significanily better to treatment with ALA and light com-
pared with AKs treated on the trunk and extremities when
20M% or 30% ALA was used 1o photosensitize the lesions
{P=.03) (Table 1). The percentage of AKs on the face
and scalp (n=11) reated with 30% ALA and light hav-
ing a CR was 91%, while 45% of the AKs on the trunk
and extremities (n=20) had a CR when treated identi-
cally (P<.03). The response distribution was not signifi-
cantly different for AKs treated with 10% ALA and light
when the face and scalp (n=13) was compared with trunk
and extremities (n=23). The mean percentage improve-
ment as measured by reduction in lesion area of face and
scalp AKs was 90% to 99% vs 58% to 62% for trunk and
extremity lesions treated with 10% to 30% ALA.

The CR raie of all grade 1 and 2 AKs ireated with
20% ALA at fluences of 10 1o 150 Jfcm” is shown in
Figure 4. Analysis of these data shows that a maximal
CR rate was achieved at 10 J/cm?®, and this was not sta-
tistically different from the CR rate observed at 150 J/em?’.
Similarly, PDT with 20% ALA produced a maximum de-
crease in lesional area at 10 Jem? and there was no in-
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*ALA indicafes S-aminolevulinic acid, CR. complefe response; PR, partai
resporse; and NR, no response. Dats are presanted as fofal number of
Achmic keratosis sites frealed with designaled response, with the
percentage of achnic keralosis sites treated with designaled response in
parentheses.

t Response distribution on face and scaip is not differant from frunk and
extremilies (Fisher éxact test, P=.05).

{ Response distribution on face and scalp shows a significantly
improved response when compared with runk and extremities [y, Fisher
axact fast; P= 05).
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Figure 4. Complete response rafe at 8 weaks of alf grade 1 and 2 lesions
treated with 20% S-aminolevulinic acid (ALA) af fuvences of 10 fo
150 Jeré.

crease in effect with treatment at the higher fluences ( 10-
150 Jfem®) (Student 1 test, P> .05). A further linear
regression analysis showed a maximum effect on le-
sional area at 10 J/em?® that did not increase with fu-
ences up to 150 J/em?® (R*=0.005; P=_48). These data sug-
gest that a maximal response had been reached at 10 J/em?
and that the response did not increase with higher light
fluences up to 150 Jem?,

There was a significant correlation of AK [Muores-
cence with improved clinical response (Table 2). There
also was a significant correlation of fluorescence with in-
creasing phototoxic elfects on the AK and surrounding
skin, but no correlation with subjective discomfort re-
ported by the patient during light treatment.

The thicker grade 3 lesions did not respond well 10
PDT at any concentration of ALA compared with thin-
ner typical grade | to 2 AKs. Because most of the grade
3 hypertrophic AKs treated in this study were on the ex-
tremities, we compared the response of grade | and 2 thin
AKs with grade 3 thick AKs, limiting the AKs to the trunk
and extremities treated with 20% ALA. Grade 1 and 2 AKs
on the trunk and extremities decreased in area by
58% £ 62% (n=068), and grade 3 AKs in the same regions

Table 2. Correlation of Fluorescence and Phototoxic
Ettects With Clinical Variables in Grades 1 and 2
Actinic Keratoses Treated With 20% S-Aminolevulinic
Acid Photodynamic Therapy

Spearman Rank
Comparison* Order Correlation P
Fluorescence vs clinical response 0.35 <00
Fluarescence vs phofobomicity 0.28 005
Auorescence vs discomfort —0.02 T8
Phototoxicity vs clinical response 024 o2

*5ee the “Fatisnts and Mathods® section for 2 description of the chimica!
scales used.

decreased in area by 24% * 24% (n=11), a significant dif-
ference (P<.05). A similar nonparametric analysis of the
same data showed that grade 1 and 2 AKs had 26 CR and
40 PR and NR, and grade 3 AKs had 0 CR and 11 PR and
NR, again a significant difference (P<.02, Fisher exact
test). Thus, thick AKs on the trunk and extremities do
not respond as well as typical thinner AKs in the same
region of the body. There were not enough thick hyper-
trophic AKs treated on the face and scalp to do a similar
analysis on this site,

CLINICAL EFFECTS OF PDT

There were mild phototoxic effects on the ALA-treated
sites, which were manifest by localized erythema and
edema that peaked 72 hours to | week after PDT and re-
solved by week 4 (Figwre 8). In general, the photo-
toxic effects on the treated adjacent sun-damaged skin
were much less than on the AKs. Fhotodynamic therapy
resulted in superficial erosion of many of the AKs with-
out eroding surrounding normal skin.

All patients experienced mild to moderate discom-
fort during light treatment (Figwre 6), which was mani-
fest by burning and stinging at the treatment site that
started and was most severe with the beginning ol irra-
diation, decreased during the irradiation, and stopped im-
mediately when the irradiation was terminated. The treal-
ment was well tolerated by most patients. There was no
observable difference in patient discomfort during or af-
ter light treatment at power densities ranging from 25
to 150 mW/em?. All patients but 1 were able 10 com-
plete the light reatments at all Muences. A wheal-and-
flare reaction developed immediately alter treatment in
14% of the treated lesions (miean intensity, 1.4; scale, 0-3).
The cosmetic results of the PDT were excellent, with le-
sions clearing without persistent pigmentary alierations
or scarring (Figure 7). There were no clinically signili-
cant abnormalities in laboratory tests and no significant
changes from baseline of urine AL A measured at 24 hours.

— N

The results of this study show that PDT with a single treat-
ment using topical ALA and visible red light is highly ef-
fective for the treatment of typical AKs (grade 1 and 2 in
this study). A single 1opical application of 30% ALA for
3 hours followed by treatment with red light resulied in
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Figure 6. Subjective diccomiar! from photodynamic therapy wilh 10%,
20%. and 30% S-aminolevelinie soid PALA). The discomfor’ scale &
commposed of 3 compaonents (pam, burnmg and stinging, and sching), asch
haveng & scare of 0 fo 4 (3 folad maxemom scorg of 12) Discomifort was
graded as 0, none; T, mild 2, moderate, 3. severe: and 4, vary Severe

complete clearing of 61% of wypical grade 1 and 2 AKs.
The complete clearing response rates of grade 1 and 2
AKs treated with 10%, 209, or 30% ALA {42%, 50%, and
6 1%, respectively) were significantly better than the 3%
complete clearing of AKs treated with vehicle and red light.
The patients’ acceplance of the treatment regimen was
good, as assessed by subjective measurements of discom-
fort and completion of all treatments. All patients re-
ported discomlort during the light exposure but did not
require local anesthesia, unlike that reported for trear-
ment of deeper cutaneous tumors. ™

A significantly better response was seen lor the treat-
ment of AKs on the face and scalp with 20% or 30% ALA
and light, compared with AKs on the trunk and extremi-
ties. There was complete resolution in 1% of face and
scalp AKs treated with 30% ALA and light, but AKs a1
other sites {trunk and extremities) had only 45% CR.

Thick, hyperkeratotic lesions did not respond el-
fectively to PDT. Even considering that most of the hy-
pertrophic AKs were on the trunk and extremities, the
response of the thick lesions was significantly less than
the typical lesions. There was an inverse correlation of

Figura T. Typical chimnical response of achnng keratoses shown Defare
treatment (iop) and B waaks after pholodynamic herapy (bottom)

fluorescence (ie, Pp IX production) alter wopical appli-
cation of ALA with the grade of the AK. The hypertro-
phic AKs commonly did not fluoresce. This may be due
to inetlective penetration of ALA and the consequent lack
ol conversion to Pp IX. With less Pp IX produced in the
hypertrophic AK, a poor response rate would be
expected

Other topical therapies also are less effective in reat-
ing AKs on the exiremities and thick hypertrophic AKs.™
Few studies have evaluated the response rate of AKs al
sites other than the head and neck. Bercoviteh® reported
a clinical trial treating AKs of the upper extremity with
Muorouracil and achieved a CR rate of 78%. This re-
sponse rate is similar to reports of fluorouracil therapy
for the head and neck. In our experience (and in other
reports), topical luorouracil therapy of AKs on the ex-
tensor arms usually represents a more dillicult therapeu-
tic challenge than treating AKs on the head and neck ™
We also find it routinely necessary to use locally destruc-
tive techniques (aggressive use of liquid nitrogen, or cu-
rettage and elecirodesiccation) to wreat effectively hyper-
trophic AKs on the trunk and extremities

— -
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The results of this study are consistent with previ-
ous observations of a good clinical response of typical
AKs to PDT with ALA."* Most PDT studies with porphy-
rin for treatment of cutaneous lesions have used red light
because of deeper light penetration in human skin. In this
study, we used a red laser light source to maximize the
activation of the Pp IX at all levels of the skin and su-
perficial dermis in an attempt to induce the greatest re-
sponse of the AK and to maximize clinical cure rate. The
laser light source used in this study supplied a pure light
source that could be administered at high [luences. This
light source obviously could not be used easily in the
clinic. Various other light sources could theoretically be
developed that are more clinically relevant. Because Pp
IX has a maximum absorption at 410 nm (Soret band),
shorter wavelengths may be effective in treating super-
ficial AKs and have the advantage of reducing the light
exposure times. Full-spectrum unfiltered visible light
(400-700 nm) has been shown effective in the treat-
ment of AK.?

The response rate of face and scalp AKs to topical
PDT with ALA is similar to that reported for topical fluo-
rouracil cream, masoprocol cream, chemical peels, or lig-
uid nitrogen therapy. Lawrence et al'” reported a 75% CR
rate of facial AKs treated with fluorouracil cream 1wice
daily and tretinoin daily for 3 weeks. Pearlman'® re-
ported a 98% CR rate of facial AKs treated with fluoro-
uracil cream once or twice weekly for 7 weeks. Maso-
procol therapy of head and neck AKs twice daily for up
to 28 days resulted in a 71% decrease in total number of
treated AKs.® Therapy of facial AKs with a Jessner solu-
tion and 35% trichloroacetic acid chemical peel re-
sulted in a 75% CR rate evaluated 1 month after therapy."
Lubritz and Smolewski'’ reported in a limited study of
aggressive liquid nitrogen therapy of AK, a CR rate of 99%
with a 1-year follow-up. In our study, therapy of facial
AKs with 30% ALA and light resulted ina 91% CR rate 2
months after PDT,

Photodynamic therapy for the treaiment of AKs
may offer several advantages over conventional topical
chemotherapy, chemical peels, or liquid nitrogen.
Daily therapy with fluorouracil and masoprocol typi-
cally involves treatment that lasts for several weeks 10
achieve clinical efficacy. During this treatment inter-
val, these therapies produce a notable amount of local
erythema, crusting, and discomfort that may be unac-
ceptable to patients.®'* Weekly “pulse” dosing with
topical fluorouracil has decreased the magnitude of
erythema and eliminated most of the crusting, bur still
requires therapy for about 7 weeks."' Peels with Jess-
ner solution and trichloroacetic acid may be an effec-
tive alternative therapy that is administered once and
results in about a 2-week healing phase in which the
cosmetic appearance may be compromised."” Photody-
namic therapy with ALA is similar to a peel and liquid
nitrogen therapy in that it is accomplished with a
single treatment and results in a 2-week healing phase.
Photodynamic therapy with ALA may have the advan-
tage of being more selective than chemical peels and
liquid nitrogen in directing the maximal injury to the

AKs with relative sparing of the surrounding skin.
This selectivity probably reflects more rapid conver-
sion of ALA to Pp IX and a higher concentration of Pp
[X in the AK compared with the surrounding skin.
Photodynamic therapy with ALA has a similar cure
rate to liquid nitrogen therapy. In conclusion, PDT
with ALA of AKs may combine the selectivity of topi-
cal fluorouracil therapy with the advantage of single
treatment of peels and liquid nitrogen therapy. and a
cure rate similar to all the modalities discussed **1
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