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Abstract
Background: Photodynamic therapy (PDT) is a noninvasive 
treatment for patients with superficial basal-cell carcinoma 
(sBCC). The efficacy of PDT may vary with different photosen-
sitizers and treatment schedules. Objective: Our objective 
was to evaluate whether fractionated 5-aminolevulinic acid 
20% (ALA)-PDT is superior to conventional two-stage meth-
yl aminolevulinate (MAL)-PDT for sBCC. Methods: We pres-
ent the 5 years results of a single-blind, randomized, multi-
center trial. 162 patients with a histologically confirmed pri-
mary sBCC were randomized to fractionated ALA-PDT or 

MAL-PDT. Results: The 5-year tumor-free survival rate was 
70.7% (95% CI 58.2–80.1%) for ALA-PDT and 76.5% (95% CI 
64.4–85.0%) for MAL-PDT. In the first 3 years, there was no 
significant difference in risk of treatment failure (HR = 1.53, 
p = 0.283), but in the long-term, the risk of recurrence was 
significantly lower following MAL-PDT compared to ALA-
PDT (HR = 0.125, p = 0.049). As judged by patients, the es-
thetic result was good-excellent in 96.8% (61/63) and 94.4% 
(56/59) of patients treated with ALA-PDT and MAL-PDT, re-
spectively (p = 0.631). Conclusion: The long-term efficacy is 
significantly higher for conventional two-stage MAL-PDT 
than for fractionated ALA-PDT, whereas there was no sig-
nificant difference in esthetic outcome between the treat-
ments at 5 years after treatment. These results indicate that 
fractionated ALA-PDT offers no benefit over conventional 
two-stage MAL-PDT. © 2022 The Author(s).
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Introduction

Noninvasive treatments are increasingly used to treat 
superficial basal-cell carcinomas (sBCC) [1, 2]. Photody-
namic therapy (PDT) is an option for patients who do not 
opt for surgery or are not able to apply cream, and leads 
to excellent cosmetic results [3–5]. However, in a trial 
comparing treatments of patients with sBCC with imiqui-
mod, 5-fluorouracil, or PDT, methyl aminolevulinate 
(MAL)-PDT was the least effective treatment option. 
Therefore, optimization of PDT is needed [6, 7].

Several studies showed that the efficacy of 5-aminolev-
ulinic acid (ALA)-PDT was optimal using fractionated 
illuminations with a 2-hour dark period in between and 
a low fluence rate during the first illumination followed 
by a high fluence rate during the second illumination [8–
12]. In a previous paper, we reported on the results of a 
randomized trial with head-to-head comparison of ALA-
PDT and MAL-PDT in patients with sBCC. The 1-year 
probability of remaining free from treatment failure was 
92.3% after fractionated ALA-PDT versus 83.4% after 
MAL-PDT (p = 0.091) [13]. The aim of the current study 
was to compare the 5-year efficacy of treatment with 
MAL-PDT versus fractionated ALA-PDT.

Methods

Patients participating in the randomized trial were treated be-
tween September 2013 and May 2015 and were recruited in three 
hospitals in the Netherlands. The study protocol and exact treat-
ment schemes were described in detail by Kessels et al. [13]. All 
tumors were histologically confirmed sBCC which was defined as 
an epidermal tumor existing of small, discrete islands of basaloid 
cells with peripheral palisading and stromal retraction, presenting 
intermittently along the basal layer of the epidermis [14].

In the ALA group, 5-ALA 20% ointment was applied; after a 
4-hour coverage, the tumor was illuminated with a light-emitting 
diode light source using a wavelength of ∼630 nm ± 5 nm and a 
fluence of 20 J cm−2 for 4 min at an irradiance of 50 mW cm−2. The 
area was covered for 2 h and illuminated again with a fluence of 80 
J cm−2 for 18 min. In the MAL-PDT group, Metvix® ointment was 
applied, covered for 3 h, and illuminated with either Aktilite or 
Omnilux with a fluence of 37 J cm−2 at an irradiance of 75 mW 
cm−2 for 7 min. This regimen was repeated after 1 week (conven-
tional two-stage regimen).

The outcome of primary interest in this follow-up study was 
the 5-year probability of remaining free from histologically con-
firmed recurrent BCC. The esthetic result at 5 years post-treatment 
measured on a 4-point scale (excellent, good, fair, poor) was also 
evaluated by both patient and physician. For this study, a follow-
up visit was planned at 60 months after treatment. The site of the 
treated sBCC was evaluated by one investigator (L.C.J.v.D.) who 
was blinded to treatment assignment.

The study was approved by the ethics board of the EMC Rotter-
dam and was performed in accordance with the Declaration of Hel-
sinki. The trial was registered at clinicaltrials.gov (NCT01491711).

Statistical Analysis
Kaplan-Meier survival analyses were performed to estimate the 

5-year cumulative probability of remaining free from treatment 
failure. The Cox proportional hazards assumption was tested on 
the basis of Schoenfeld residuals. If the proportional hazard as-
sumption does not hold, hazard ratios are not constant over time. 
Consequently, period-specific hazard ratios and corresponding  
p values have to be calculated with Cox regression analysis with 
time-varying covariates using an interaction term for treatment 
and time.

Percentages of patients with good-excellent esthetic results 
were compared using the χ2 test. p values ≤0.05 were considered to 
indicate significance. All data were analyzed using SPSS version 
23.0 (IBM, Armonk, NY, USA), openepi.com or Stata version 14.0 
(Stata Corp, College Station, TX, USA).

Results

Figure 1 shows the patient flow until 5 years of follow-
up. Thirty-one patients were lost to follow-up (19.3%) of 
whom 13 were treated with MAL-PDT and 18 with ALA-
PDT. In 20 patients who consulted their dermatologist 
before the planned study visit at 60 months, a recurrent 
BCC was diagnosed between 12 and 60 months.

Table 1. Baseline characteristics of participants with sBCC

MAL-PDT 
(N = 80)

Fractionated 
ALA-PDT (N = 82)

Mean age, years (range) 63.6 (28–83) 65.9 (38–85)
Sex, N (%)

Male 35 (44) 40 (49)
Female 45 (56) 42 (51)

Study center, N (%)
MUMC+ 27 (34) 35 (43)
EMC 34 (43) 26 (32)
VCMC 19 (24) 21 (26)

Tumor location, N (%)
Head/neck 1 (1) 7 (8)
Trunk 58 (73) 45 (55)
Upper extremities 7 (9) 16 (20)
Lower extremities 14 (18) 14 (17)

Mean tumor size, mm (±SD) 11.2 (±7.1) 10.8 (±5.3)

MAL, methyl aminolevulinate; PDT, photodynamic therapy; 
ALA, aminolevulinic acid; MUMC+, Maastricht University Medical 
center+; EMC, Erasmus Medical Centre; VCMC, VieCuri Medical Cen-
ter.
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201 patients
assessed for

eligibility

162 patients
randomized

80 assigned to 
MAL-PDT

1 did not begin 
treatment

79 received 
treatment

79 at 3 month
follow-up

82 received 
treatment

79 at 3-month
follow-up

74 at 12 month
follow-up

75 at 12 month
follow-up

53 at 60 month
follow-up

58 at 60 month
follow-up

3 lost to follow-up:
2 refused FU
1 died

3 treatment failures
1 lost to follow-up
1 refused FU

4 treatment failures
1 lost to follow-up
1 refused FU

3 treatment failures
14 lost to follow-up:
1 other illness
2 moved away
7 refused FU
4 died

7 treatment failures
12 lost to follow-up:
3 other illness
1 moved away
6 refused FU
2 died

5 treatment failures 14 treatment failures

82 assigned to two
fold ALA-PDT

6 received different
treatment:
3 ALA-PDT
1 SE
2 5-FU

2 received different
treatment:
1 MAL-PDT
3 5-FU

39 refused
participation

Fig. 1. Patient flowchart. ALA, aminolevulinic acid; MAL, methyl aminolevulinate; PDT, photodynamic therapy; 
5-FU, 5-fluorouracil; SE, surgical excision; FU, follow-up.
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Comparison of baseline characteristics between the 
randomized groups (Table 1) shows that there were mi-
nor imbalances in the distribution of the study center and 
tumor location [13]. According to the intention-to-treat 
analysis, at 5-year follow-up, 20 treatment failures had 
occurred after treatment with ALA-PDT of which 14 
were diagnosed after the first year of follow-up. Following 
MAL-PDT, 16 treatment failures were observed; 5 were 
diagnosed after 1 year.

The survival curves (Fig. 2) show that in the first years 
of follow-up, the cumulative probability of tumor-free 
survival was higher for ALA-PDT than for MAL-PDT, 
but at 5 years, the cumulative probability was 76.5% (95% 
confidence interval [CI] 64.4–85.0%) in the MAL-PDT 
group and 70.7% (95% CI 58.2–80.1%) in the ALA-PDT 
group (Table 2). The survival curves intersect at around 

3 years post-treatment, and the proportional hazard as-
sumption did not hold (p = 0.006). Therefore, period-spe-
cific HRs for treatment failure with p values were calcu-
lated for the first 3 years and last 2 years of follow-up. 
Within the first period, the HR (for MAL-PDT vs. ALA-
PDT) was 1.53 (95% CI: 0.70–3.33, p = 0.283). Within the 
second period, the HR was 0.123 (95% CI: 0.016–0.987, p 
= 0.049), indicating a significantly lower risk of treatment 
failure in the MAL-PDT group later during follow-up. A 
per protocol analysis gave similar results.

The esthetic result 5 years after treatment as judged by 
patients was good-excellent in 96.8% (61/63) following 
ALA-PDT and 94.4% (56/59) after MAL-PDT (p = 0.631). 
According to the judgment of the physician (L.C.J. v. D.), 
the esthetic result was good-excellent in 73.1% (46/63) 
after ALA-PDT and 83.1% (49/59) following MAL-PDT 

0

0 6
months

Cumulative probability of remaining free from treatment failure

605448423630241812

82Treatment = ALA

Treatment = ALA

Number at risk

Treatment = MAL

Treatment = MAL

75 464849515657596075
79 69 454545454646505069

1

0.75

0.50

0.25

Table 2. Cumulative probability of tumor-free survival at 1 and 5 years after treatment with MAL-PDT or fractionated 
ALA-PDT for sBCC

MAL-PDT ALA-PDT

ITT% (95% CI) PP% (95% CI) ITT% (95% CI) PP% (95% CI)

1 year 83.4% (73.1–90.0) 83.4% (73.1–90.0) 92.3% (83.7–96.5) 91.9% (82.9–96.3)
5 years 76.5% (64.4–85.0) 76.9% (64.9–85.2) 70.7% (58.2–80.1) 69.8% (57.1–79.4)

ALA, aminolevulinic acid; MAL, methyl aminolevulinate; PDT, photodynamic therapy; ITT, intention to treat; PP, 
per protocol; CI, confidence interval.

Fig. 2. Cumulative probability of tumor-
free survival 5 years after treatment with 
MAL-PDT and fractionated ALA-PDT for 
sBCC. Intention-to-treat analysis. ALA, 
aminolevulinic acid; MAL, methyl ami-
nolevulinate.
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(p = 0.191). In an additional analysis which was restricted 
to patients without treatment failure, 100% of the patients 
scored the cosmetic results as good-excellent in both the 
MAL-PDT and ALA-PDT group.

Discussion

The results of this randomized trial do not support the 
hypothesis that fractionated ALA-PDT is more effective 
than conventional two-stage MAL-PDT. In the last 2-year 
period, the risk of treatment failure in the MAL-PDT 
group was significantly lower than in the ALA-PDT 
group.

A former randomized trial by Jansen et al. [6] compar-
ing three noninvasive therapies for sBCC showed less fa-
vorable results for conventional two-stage MAL-PDT. 
The 5-year probability of recurrence-free survival after 
MAL-PDT was only 62.7% compared to 76.5% in this 
study. An explanation may be that in the study by Jansen 
et al. [6], sBCCs were more frequently (12%) located in 
the head and neck area than in this study (1.3%). Prior 
research showed that recurrences in the head and neck 
area following noninvasive treatment are more often of a 
mixed or nonsuperficial subtype and thus more suscep-
tible to misclassification and consequently, undertreat-
ment [15–18]. Between-study differences in characteris-
tics of study populations are the reason that it is impor-
tant to perform head-to-head comparisons of therapies.

We described in our previous publication that treat-
ment with ALA-PDT led to more side effects and pain/
burning sensation during treatment [13]. Advantages of 
ALA-cream are that, in The Netherlands, it is cheaper 
than MAL-cream (Metvix; Galderma) and has to be ap-
plied only once. It could be advantageous for patients 
with decreased mobility because only one hospital visit is 
needed. However, these advantages do not seem to out-
weigh the disadvantages.

A limitation of this study was that due to the COVID 
pandemic, 9 patients (6 with ALA-PDT and 3 with MAL-
PDT) had their final follow-up visit later than planned. 
However, this limitation had no impact on the results be-
cause none of these patients had a recurrence.

Conclusion

This study shows that the long-term efficacy is signifi-
cantly higher for conventional two-stage MAL-PDT than 
for fractionated ALA-PDT, whereas there was no statisti-

cally significant difference in the esthetic outcome be-
tween conventional two-stage MAL-PDT or fractionated 
ALA-PDT.

Key Message

Long-term efficacy of methyl aminolevulinate photodynamic 
therapy (PDT) for superficial basal-cell carcinoma is significantly 
higher compared to fractionated 5-aminolevulinic acid-PDT.
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