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Preclinical data suggest that topical methyl aminole-
vulinate photodynamic therapy may have potential in 
preventing new skin lesions in transplant recipients. An 
open intra-patient randomized study investigated the 
prevention potential of this treatment in 27 renal trans-
plant patients with actinic keratoses and other skin le-
sions in two circular contralateral areas (5 cm diameter). 
The treatment area surface was debrided and methyl 
aminolevulinate cream (160 mg/g) was applied for 3 h 
prior to illumination by non-coherent red light (570–670 nm, 
light dose 75 J/cm2). The control area was not treated. 
The mean time to occurrence of the first new lesion was 
significantly longer in treated than control areas (9.6 vs 
6.8 months, treatment difference 2.9 [95% confidence 
interval 0.2 to 5.5] months, p=0.034). Over 12 months, 
62% (16/26) of treated areas were free from new lesions 
compared with 35% (9/26) in control areas. These fin-
dings indicate that topical methyl aminolevulinate pho-
todynamic therapy is a promising preventive treatment 
against new skin lesions in immunosuppressed patients. 
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Increased risk of non-melanoma skin cancer is a recog
nized complication of long-term immunosuppression in 
transplant recipients. Within 5 years of solid organ trans-
plantation, up to 40% of patients develop premalignant 
skin lesions such as actinic keratoses (AK) and 90% have 
warts, many of which are atypical and in sun-exposed 
areas (1–3). The development of such keratotic lesions 
is closely associated with aggressive forms of squamous 
cell carcinoma (SCC), with prevalence 40–250-fold 
greater than that observed in the general population (4). 
Together these factors contribute to a 10-fold increase 
in mortality due to SCC in transplant patients compared 
with the general population.

Current management strategies are aimed at preven-
ting the development of new lesions as well as mini-
mizing progression of premalignant lesions to invasive 

SCC. Although various therapies are available, most are 
hampered by considerable discomfort during treatment 
and in many cases lead to scarring and less than optimal 
cosmetic outcome (5).

Photodynamic therapy (PDT), a treatment modality 
that involves the use of a photosensitizing agent and 
light of a specific wavelength to produce lesion-specific 
cell death, could represent a promising prophylactic 
alternative. Two topical photosensitizers may be used –        
5-aminolevulinate (ALA) and methyl aminolevulinate 
(MAL), the methyl ester of ALA. MAL offers advanta-
ges over ALA in terms of improved skin penetration due 
to enhanced lipophilicity (6, 7) and greater specificity 
for neoplastic cells (8). Additionally, preclinical data 
have shown that topical MAL and ALA PDT inhibit 
the development of ultraviolet-induced SCC in hairless 
mice (9, 10). Based on these findings, the current study 
was undertaken to investigate the potential of MAL PDT 
for prevention of new premalignant lesions in immuno
suppressed solid organ transplant patients.

MATERIALS AND METHODS
Between July 1999 and March 2000, 28 adult renal transplant 
recipients with two circular contralateral areas (5 cm diameter) 
on the face or dorsal side of the hands with at least two clinically 
diagnosed AK lesions and a maximum of 10 skin lesions (AK, 
basal cell carcinoma [BCC] and/or warts) in each area, were 
enrolled in this open study by two hospital dermatology out
patient centres (one each in Denmark and the Netherlands). AK 
lesions were graded on the basis of palpation and observation 
as mild, moderate or severe (11); BCC lesions were characte-
rized as superficial or nodular; and warts were characterized 
as verruca plana, small keratotic papilloma (longest diameter 
<0.5 cm) or large keratotic papilloma (longest diameter >0.5 cm). 
All patients should have received immunosuppressive therapy 
for >3 years. Exclusion criteria were clinical SCC, keratoacan
thoma, infiltrating tumours, rosacea or acne in the treatment 
area; psoriasis, atopic dermatitis, eczema or porphyria; known 
allergy to the study treatment or similar compounds; likelihood 
of non-compliance; participation in another study; or women 
who were pregnant or breast-feeding. Topical therapy of the 
treatment site in the last month or concurrent systemic reti-
noid therapy was prohibited. The study was approved by the 
local ethics committee and conducted in accordance with the 
Declaration of Helsinki. All patients gave written informed 
consent prior to entry.

For each patient, the two contralateral areas were randomly 
assigned to treatment or no treatment (i.e. control) by the in-
vestigator, according to a computer-generated list. Following 
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surface debridement, a 1 mm thick layer of MAL cream (160 
mg/g, Metvix®, PhotoCure, Oslo, Norway) was applied to the 
whole treatment area, including existing lesions, and 5 mm 
of surrounding skin and covered with an adhesive occlusive 
dressing (e.g. Tegaderm®, 3M). After 3 h, the dressings were 
removed and the cream was washed off with 0.9% saline solu-
tion, immediately prior to illumination with non-coherent red 
light (Curelight® lamp supplied by PhotoCure, Oslo, Norway) 
with wavelength 570–670 nm and light dose 75 J/cm2. The 
corresponding control area was not treated.

At baseline and every 2 months for 12 months, the location 
and margins of all lesions were carefully mapped in body charts 
and photographed. The occurrence of any new visible lesion 
in the treatment and control areas was evaluated by the same 
dermatologist in each centre. Adverse events were monitored 
during treatment and 1 week and 2 months post-treatment. Lo-
cal skin/phototoxicity reactions were graded according to the 
National Cancer Institute Common Toxicity Criteria for skin 
(12). Adverse events were rated as mild, moderate or severe, and 
the causal relationship of the event to the study treatment was 
assessed by the clinician as related, uncertain or not related.

Statistical analysis
The primary variable was the time to occurrence of a new skin 
lesion observed in treated and control areas up to 12 months 
post-treatment. Assuming that the time to occurrence of new le-
sions would be 6 months in the control area and 8 months in the 
treated area (standard deviation of difference 4 months), at least 
25 evaluable patients were required to be able to conclude with 
a probability of 80% that there was a treatment difference.

The difference in time to occurrence of new lesions between 
treated and control areas within each patient was compared 
using the paired t-test. If a patient had no new lesions in either 
treated or control areas, the time to occurrence was given as 13 
months. Additionally, Kaplan-Meier estimates and 95% confi-
dence interval (95% CI) for the median time to occurrence of 
at least one new lesion were calculated for treated and control 
areas and compared using the log rank test.

RESULTS

Twenty-seven of the 28 enrolled patients, 17 men and 
10 women aged 32–75 years (mean 57 years), received 
a single MAL PDT. All patients were Caucasian and the 
mean time since transplantation was 15.9 years (range 
4.2–32.5 years). One patient was not treated as he had 
more than 10 lesions on one hand. Twenty-four pa-
tients completed the study; two patients died following 
myocardial infarction 6 and 8 months after treatment, 
and one patient withdrew consent during follow-up. 
Neither case of myocardial infarction was considered 
to be related to the study treatment.

The 27 patients had a total of 263 lesions, 135 in the 
treatment area and 128 in the control area. Most patients 
(21/27, 78%) had up to six lesions in both treatment and 
control areas. The distribution of lesions at baseline is 
shown in Table I. Treatment procedures were in accor-
dance with the specified schedule, with a mean cream 
application time of 3 h and 3 min (range 2 h 55 min 
to 4 h) and mean illumination time of 15 min and 13 s 
(range 7–23 min).

Efficacy

The mean time to occurrence of a new skin lesion (AK, 
BCC, keratoacanthoma, SCC or warts) was signifi-
cantly longer in the treated area than the control area 
(9.6 vs 6.8 months, treatment difference 2.9 [95% CI 
0.2 to 5.5] months, p=0.034). There was no significant 
difference between the two centres. Kaplan-Meier es-
timates of the probability of occurrence also favoured 
a longer time to occurrence of a new lesion in treated 
than control areas (p=0.05) (Fig. 1). Although there was 
no significant difference between treated and control 
areas with respect to the occurrence of specific types of 
new lesions (due to the small numbers of new lesions), 
more than twice as many patients had the first occur-
rence of a new lesion in a control area than treated area 
(48% vs 19%). Moreover, at the end of the 12-month 
follow-up period, 62% (16/26) of the patients were free 
from new lesions in treated areas compared with 35% 
(9/26) in control areas (Table II). In the control area, 
38% of the patients had new lesion(s) after 2 months 
and after 12 months in the treated area. Most new le-

Table I. Lesion characteristics at baseline

Parameter	 Treated area	 Control area

Total number of lesions	 135	 128
Actinic keratoses, n (%)	 98 (73)	 80 (62)

Thin	 52 (39)	 49 (38)
Moderate	 44 (33)	 30 (23)
Thick	 2 (1)	 1 (1)

Warts, n (%)	 37 (27)	 48 (38)
Verruca plana	 8 (6)	 12 (9)
Small keratotic papilloma	 27 (20)	 28 (22)
Large keratotic papilloma	 0 (0)	 2 (2)
Verruca seborrhoica	 2 (1)	 6 (5)

Lesion location, n (%)
Face	 24 (18)	 29 (23)

Actinic keratoses	 19 (14)	 22 (17)
Warts	 5 (4)	 7 (6)

Hand	 111 (82)	 99 (77)
Actinic keratoses	 79 (59)	 58 (45)
Warts	 32 (23)	 41 (32)

Fig. 1. Number of new lesions (mean ± SD) in treated and control area after 
one methyl aminolevulinate-photodynamic therapy.
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sions were AKs; no new clinical SCC or BCC lesions 
were observed. The number of lesions per treated area 
(in which lesions occurred) was almost consistently 
below 2, whereas the number increased with time in 
the affected control areas (Table II).

Tolerability
In total, 26/27 (96%) patients reported local adverse 
events. Treatment-related local adverse events were 
consistent with the known adverse event profile for 
PDT, with local phototoxicity reactions such as burning 
sensation (19/27, 70%), erythema (7/27, 26%) and 
stinging skin (6/27, 22%) most commonly reported. 
With the exception of one report, all local adverse 
events were of mild to moderate intensity. All cases of 
burning, erythema and stinging skin resolved within 
5 days.

DISCUSSION
The results of this study indicate the potential of MAL 
PDT as a preventive treatment for premalignant lesions 
in immunosuppressed patients. In fact, the same number 
of patients (38%) had new lesions after 2 months in the 
control area as after 12 months in the treatment area. 
Also the absolute number of new lesions was about 
three times higher in the control areas than in the treated 
areas after 12 months (Table II). The relatively small 
number of lesions did not permit comparison for indi-
vidual lesion types. We only used one PDT treatment 
in this study and therefore did not expect an optimal 
treatment effect on existing lesions. The lesion response 
at 4 months was 56% for AK and 37% for warts.

The two most important risk factors for skin cancer 
in the transplant population are the extent of sunlight 
exposure (13) and the age at transplantation (14). 
Exposure to sunlight was not recorded in the current 
study; however, the median age at transplantation was 
44 years in one centre and 41 years in the other, thus 
exceeding 35 years, which is associated with a higher 
risk of skin cancer development (15).

Retinoid therapy (e.g. etretinate, acitretin and topical 
tretinoin) has been advocated as a preventive treatment 
for the development of new keratotic lesions and re-
currence of SCC in this patient group (16, 17). While 
studies have shown that retinoid therapy is effective in 
decreasing the risk of skin cancer in transplant patients 
(18–20) there is some concern that these agents may 
potentiate graft rejection (4), and poor tolerability 
(teratogenicity, severe mucocutaneous dryness, liver 
toxicity, elevated cholesterol and triglyceride levels) is 
a major limiting factor associated with retinoid therapy 
(17, 20). Moreover, treatment needs to be given long 
term to prevent relapse of premalignant and malignant 
skin lesions (4,16).

By contrast, MAL PDT offers a number of advan-
tages over retinoid prophylaxis. PDT with MAL is 
devoid of systemic side effects. Systemic uptake is 
negligible, and therefore MAL PDT has no potential 
for interaction with systemic immunosuppressiva. 
Because of the excellent cosmetic outcome with 
MAL PDT, the clinician can use it prophylactically on 
‘normal’ skin, a particularly pertinent advantage when 
used on cosmetically sensitive areas such as the face 
and hands (21–25).

The purpose of this study was to investigate the 
prophylactic possibilities of MAL PDT in solid organ 
transplant patients after one treatment with MAL PDT. 
The encouraging results of this pilot study warrant 
further investigation of MAL PDT as a preventive 
treatment for the development of skin lesions in 
transplant patients.
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