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Objective: To examine the safery and efficacy of pho-
todynamic therapy using topical 5-aminolevulinic acid
(ALA) and red light 1o treat actinic keratoses (AKs).

Design: Actinic keratoses were treated with topical ALA
{concentrations of 0%, 10%, 20%, or 30%) ander occlu-
sion for 3 hours. Before photodynamic therapy, sites were
examined for Muorescence. Sites were irradiated with an
argon pumped dye laser (630 nm) at fluences of 10 10
150 J/em®,

Setting: Academic medical center.

Patients: 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 10 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. Complete 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 eflectively 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

protoperphyrin 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.

Protoporphyrin 1X is characterized by a

bright orange-red fluorescence 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 t'fflLacluuf. in

squamous cell carcinoma in situ (Rowen
disease) ** Topical PDT with ALA also
has been reported useful for the treat-
ment of 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 ol AKs.
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Photodynamic Therapy of Actinic Keratosis
With Topical 5-Aminolevulinic Acid
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Objective: To examine the safery and efficacy of pho-
todynamic therapy using topical S-aminolevulinic acid
(ALA) and red light 1o treat actinic keratoses (AKs).

Design: Actinic keratoses were treated with topical ALA
{concentrations of 0%, 10%, 20%, or 30%) ander occlu-
sion for 3 hours. Before photodynamic therapy, sites were
examined for Muorescence. Sites were irradiated with an
argon pumped dye laser (630 nm) at fluences of 10 10
150 J/em®,

Setting: Academic medical center.

Patients: 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 10 baseline evalu-
ated at weeks 1, 4, 8 and 16.

Results: 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. Complete 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 eflectively 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
protoperphyrin 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.
Protoporphyrin 1X is characterized by a
bright orange-red fluorescence 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 wreatment of various superficial epi-
thelial cutaneons malionant neonlasms

squamous cell carcinoma in situ (Rowen
disease) ** Topical PDT with ALA also
has been reported useful for the treat-
ment of 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 ol AKs.

Thirty-nine of the 40 patients completed

the 16-week study. One patient voluntar-
ilv withdrew afier 4 weeks becanse of a
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PATIENTS AND METHODS

PATIENT POPULATION

Forty patients (3 women and 37 men; median age, 705 years
[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 | was on the face or scalp. The
largest diameter of the lesions ranged from 2 mm to 2.1
cm (median, 9 mm}. Patienis were excluded if they had re-
ceived treatment of target AKs, or if they had used topical
corticosteroids (previous 2 weeks); topical 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 patienis with a history of cutaneous photosensitivity also
were excluded. The study was approved by the University
ol California, Irvine, Human Subject Research Commit-
ter. Each patien received cor 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 of 108, 20%,
and 30%. 5-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. Afier
applying ALA 1o target lesions and 10 to 20 mm of sur-
rounding normal skin, test sites were covered with an
adhesive, skin-colored, aluminized occlusive tape (3M
Pharmaceuticals, 5t Paul, Minn) to prevent exposure to
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, Mluorescence 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 Alto, Calif) tuned to emit radiation at 6302 1 nm
was used for the light treatments, A remote fiber splitter
{model 1025, LaserTherapeutics, Buelton, Calif) permit-
ted simultaneous laser irrvadiation of treatment sites. Each
fiberoptic terminated in a microlens that focused the laser
radiation onto a 2-cm-diameter cincular field of uniform light
intensity. Laser irradiation emanating from the fiber was
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monitored with a power meter (model 210, Coherent Medi-
cal) before, during, and afier treatment. The power den-
sity of the laser iradiation 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 ol-
erance at low and high power densities, the last 30 pa-
tients were treated using 150 mW/cm®. Each of the 6§ AKs
on each patient were treated with 1 of the following flu-
ences: 10, 25, 30, 75, 100, or 150 J/cm®.

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 plagues 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, easily evaluable lesions were selected.
Lesions were clinically graded using criteria 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, casily
palpated hyperkeratosis {typical well-developed AK); or 3,
thick hyperkeratosis, evidence for thickened epidermis at
margin of the AK, or both (hyperirophic or hyperkera-
totic AK). The dimensions of the AK were measured and
area {mx ' lengthx 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 30% 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
gich subsequent visit, treatment sites were evaluated for
objective changes, including wheal-flare 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 a1 | 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 PDT response. and lubora-
tory resulis.

The Student 1 test was used 1o compare quantitative
variables. Summary statistics are expressed as mean £5D,
Dilferences in clinical response berween 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 between response and light fluence
administered.
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Figure 1. Actinic kevaloses (AK) Muovescence after lopical S-aminglevering
acid fregtrmand, Top and cemler, Weak Nuorescence of AK on extremily,
wilth minimal fugrescence of adfacen! normal skin. Boftom, More intense
fiugrescence of AK on scalp, with sigrificant Nuorescence of adiacent
ngrmal-appeaving 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
1 AKs at all concentrations of ALA. There was no sig-
nilicant dillerence between AKs treated with 108, 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 Muorescence. 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
H’ur‘ 2 and Flgere 3, respectively. Maximum climi-
cal improvement was obtained with treatment of grade
1 and 2 lesions with 30% ALA (61%, CR: 26%. PR). The
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Film‘t 2. Response rate of al grade 1 and 2 [typicall actinic keratoses
fraated wilth S-aminolevudinic acid (ALA} photodynamic therapy.
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Figure 3. Response rate of alf grade 3 (thick hyperkeratolic) achinic
keratoses fraafed with S-aminodeveainic acd (ALA) photodyeamic therapy.

200, 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
significantly better 10 ireatment with ALA and light com-
pared with AKs treated on the trunk and extremities when
20M% or 30% ALA was used to photosensitize the lesions
{P=05) (Table 1). The percentage of AKs on the face
and scalp (n=11) treated 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 ligh
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% 10 99% vs 58% to 62% for trunk and
extremity lesions treated with 10% to 30% ALA.

The CR rate of all grade 1 and 2 AKs itreated with
20% ALA at fluences of 10 1o 150 Mem' is shown in
Figure & Analysis of these data shows that a maximal
CR rate was achieved at 10 Jfem?®, and this was not sia-
tistically dillerent from the CR rate observed at 150 Jfom’.
Similarly, PDT with 208% ALA produced a maximum de-
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Table 1. Clinical Responses of Face and Scalp
vs Trank and Extremities Actinic Keratoses (Grades 1
and 2) 3t 8 Weeks After Photodynamic Therapy*

Face and Scalp Trunk and Exiremilies

%AMA CR PR NR CR PR WA
ot 0 6ia6) T() 1(8) ape  12(75)
10t B(B1) 4{3) 1(8) T(30) B35 B(3)
208 AT (1M 1(H W38 2435 1927

30f  wE) 14y 0 9(45) T(38) 420

*ALA indicales S-aminolevulinic acid; CR. complela responss; PR, partial
response; and NR, no response. Data are presanted as lofal number of
JCHME Keratosis Sies fraafed with designated response, with the
percentage of achinic kerglosis sites treated with designated response in
parentheses.

t Response disinbution on face and scalp is not differant from frunk amd
extremilies (Fisher exact lest, P=.05).

}Response distribulion on face and scalp shows a significantly
improved response when compared with frunk and extramities [y Fisher
axact tast; P 05),
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Figure 4. Compilale response rafe at 8 waeks of al grade 1 and 2 lesions
treated with 20% S-aminolevilinic acid (ALA) & fuences of 10 fo
150 Jen¥.

crease in effect with treatment at the higher fluences (10-
150 J/em®) (Student ¢ 1est, P> .05). A further linear
regression analysis showed a maximum effect on le-
sional area at 10 J/em?® that did not increase with Mu-
ences up to 150 Jfem? (R*=0.003; 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 [luores-
cence with improved clinical response (Table 2) There
also was a significant correlation of fluorescence with in-
creasing phototoxic effects 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 1o
PDT at any concentration of ALA compared with thin-
ner typical grade 1 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 1 and 2 thin
AKs with grade 3 thick AKs, limiting the AKs 1o the trunk
and extremities treated with 20% ALA. Grade 1 and 2 AKs

on_the rrunk and exiremities decreased in area hy
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Table 2. Correlation of Fluorescence and Phototoxic
Etfects With Clinical Variables in Grades 1 and 2
Actinic Keratoses Treated With 20% S-Aminolevulinic
Acid Photodynamic Therapy

Spearman Rank
Comparizon® Order Correlation P
Fluorescence vs clinical rasponse 0.35 <00
Fluorescence vs photoboxicity 028 005
Auorescence vs discomfort —0.02 18
Phototoxicity vs clinica response 024 o2

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

decreased in area by 24% * 24% (n=11), a significant dif-
ference (P<.03). 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 runk 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 §). In general, the photo-
toxic effects on the treated adjacent sun-damaged skin
were much less than on the AKs. Photodynamic 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 &), 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 treat-
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 [rom 25
to 150 mW/cm?, All patients but 1 were able 10 com-
plete the light treatments at all Muences. A wheal-and-
flare reaction developed immediately alter treatment in
14% of the treated lesions (mean 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 signilfi-
cant abnormalities in laboratory tests and no significant
changes from baseline of urine ALA measured at 24 hours.

—

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 sturdv) A sinele tonical annlication of 30% A1 A for
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