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ARTICLE INFO ABSTRACT
Keywords: Background: Non-surgical treatments are cost-effective options for low-risk basal cell carcinomas (BCCs) i.e.
Basal cell carcinoma superficial or small nodular BCCs located outside the high-risk locations. Hexyl aminolevulinate (HAL) and 5-
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aminolevulinic acid nanoemulsion (BF-200 ALA) with enhanced penetration depth enables the use of lower
concentrations compared to methylaminolevulinate (MAL) in photodynamic therapy (PDT). We have previously
reported comparable short-term efficacies for MAL 16 %, BF-200 ALA 7.8 % and HAL 2 % in PDT of low-risk BCC,
and here we report the long-term results.

Objectives: The goal of this trial was to compare long-term outcomes of HAL and BF-200 ALA, compared to MAL
in PDT of low-risk BCCs.

Methods: Ninety-eight histologically verified low-risk BCCs on the trunk or extremities were included and ran-
domized into three arms to receive PDT in two sessions with MAL, BF-200 ALA or HAL. A blinded dermatologist
assessed the response, cosmetic outcome, and obtained biopsies for histological verification at three months, one
year and five years. Histologically verified non-responsive lesions were excised. Patients’ satisfaction with the
treatment was also queried.

Results: According to intention-to-treat (ITT) analyses, the cumulative response rate at one year was 90.6 % for
MAL, 81.3 % for BF-200 ALA, and 75.8 % for HAL, and correspondingly at five years 71.9 %, 54.6 % and 60.6 %.
There were no statistically significant differences between interventions and comparator. The overall cumulative
response rate for PDT was 82.5 % at one year and 62.2 % at five, and 48.6 % of the treatment failures were
recorded at five years. The recurrent lesions were excised as second line treatment. No aggressive subtypes were
reported, with only superficial or nodular growth in the final histopathological report. There were no significant
differences in cosmetic outcome or patient satisfaction.

Conclusions: This trial shows that HAL has potential for dermatological PDT. However, the long-term efficacy of
PDT in the treatment of low-risk BCCs remains rather low.

1. Introduction treatment costs are comparable to those of melanoma [2]. Thus, BCC
causes a significant burden for health care providers and patients.

Basal cell carcinoma (BCC) is the most common cancer of fair- Non-surgical treatments have been shown to be cost-effective compared
skinned populations with a constantly increasing incidence [1], and its to surgery in the treatment of low-risk BCCs, i.e. superficial or small
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nodular BCCs located outside the high-risk locations [3-5]. However,
the evidence for interventions on BCCs comes from small studies, and 42
% of the studies were sponsored by pharmaceutical companies and the
average follow-up time was 13 months [6]. Thus, non-sponsored studies
assessing long-term outcomes in the treatment of BCC are warranted.

Photodynamic therapy (PDT) has a superior cosmetic outcome but
lower efficacy than surgery and imiquimod in the treatment of low-risk
BCCs [6,7]. Patients value both efficacy and cosmetic outcome. There
are multiple possibilities to improve the efficacy of PDT. One option is to
use photosensitizers with greater penetration depth and thus possibly
enhance efficacy [8]. Hexyl aminolevulinate (HAL) is a lipophilic
photosensitizer, and in 5-aminolevulinic acid nanoemulsion (BF-200
ALA), the photosensitizer is packed in nanoparticles. Both lipophilicity
and the use of nanoparticles improve the penetration depth and enable
the use of a low concentration to achieve sufficient photosensitizer
accumulation [8-11]. Previously it has been shown that 7.8 % BF-200
ALA is non-inferior compared to 16 % MAL in PDT of non-aggressive
BCCs [12]. Low concentration HAL has been used successfully in PDT
of actinic keratoses [13]. In our previously published non-sponsored,
randomized, double-blinded, prospective pilot trial, MAL 16 %,
BF-200 ALA 7.8 % and HAL 2 % showed comparable efficacies in PDT
for low-risk BCCs. We report here the long-term 1- and 5-year outcomes
of the same trial [14].

2. Materials and methods

This clinical trial (Eudra-CT 2014-002746-50, clinical trials number
NCT02367547) complies with the Declaration of Helsinki and is
approved by the Ethics Committee of Tampere University Hospital and
the Finnish Medicines Agency. The methods have been described pre-
viously in detail [14].

2.1. Protocol

The inclusion criteria specified histologically verified superficial or
thin nodular BCCs located on the trunk and extremities. Only lesions
confirmed to be a superficial or thin nodular BCC were included —
defined as growing into the epidermal-dermal junction or the most
upper third of the dermis. Several lesions from the same patient could be
included if they were at least 10 cm apart from each other. The lesions
were randomized into three arms according to the photosensitizers MAL
16 %, BF-200 ALA 7.8 % and HAL 2 % with an allocation ratio of 1:1:1.
Patients were blinded to the photosensitizers used. Curettage was used
as lesion preparation, and PDT was given in two sessions with an in-
terval of 8 — 14 days according to the European guidelines [15]. As a
light source was used red light (Aktilite, CL128, Galderma, 37 J/cm2 per
session) for all the photosensitizers in the trial.

2.2. The photosensitizers

Three different photosensitizers were used in this trial. There were
two commercially available and approved products for PDT of low-risk
BCCs: MAL 16 % (Metvix®, Galderma Nordic AB) and BF-200 ALA 7.8 %
(Ameluz®, Biofrontera). The third and most novel photosensitizer in
PDT of low-risk BCC was HAL 2 %, prepared for this trial (a mixture of
Hexvix® powder, Photocure ASA, and unguentum M cream, Almirall
Hermal GmbH) [14].

2.3. Follow-up visits and outcomes

An experienced dermatologist (M.G.) blinded to the treatment
assessed the clinical response at three month, one-year, and five-year
timepoints with clinical inspection and dermoscopy. Cosmetic out-
comes were assessed by the same dermatologist with categories of a
poor, fair, good, or excellent result. The response to PDT was histo-
pathologically confirmed with 3-mm punch biopsies at all follow-up
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visits. The biopsies were obtained near the original diagnostic biopsy
site, guided by marked plastic sheets and photographs. Additionally,
biopsies from any clinically suspected area were also obtained, if
required. As a second-line treatment, non-responsive lesions were
excised. An experienced pathologist (T.T.) blinded to the treatment
assessed all the histopathological samples. Patients’ satisfaction with the
treatment was queried at all follow-up visits with response categories of
poor, fair, good, or excellent.

2.4. Power calculation

When the trial was designed, it was assumed that BF-200 ALA 7.8
%/HAL 2 % would be superior to MAL 16 % in the power calculations
(alpha=0.05, power=0.85, delta=0.30). The efficacy of MAL 16 % was
assumed to be 65 %. The same delta-value was used for both BF-200 ALA
7.8 % and HAL 2 %, when compared to MAL 16 %. The detailed power
and sample size calculations and randomization protocol have been
published earlier [14].

2.5. Statistical analyses

The statistical analyses were performed by a professional statistician
with NCSS 2023 Statistical Software (2023). NCSS, LLC. Kaysville, Utah,
USA, ncss.com/software/ncss. Statistical significance was calculated
with Fisher’s exact test for efficacy, cosmetic outcome and patients’
satisfaction. The analyses were performed separately for HAL 2 % vs
MAL 16 %, and BF-200 ALA 7.8 % vs MAL 16 %. The analyses were
performed with intention-to-treat (ITT) and per-protocol (PP) princi-
ples. ITT analyses sustain the original randomization and drop-outs are
considered as non-responders, whereas PP analyses only include data
from patients attending the follow-ups, and thus drop-outs are ignored
[16]. Furthermore, in statistical analyses of patients’ satisfaction with
the treatment, excellent experiences were compared to a combined
group consisting of good and fair experiences. In patients’ satisfaction,
only PP analyses for subgroup of patients with one treated lesion were
possible and due to a small number of cases, it was reasonable to utilize a
combined group to facilitate statistical analyses. PP analyses were also
only possible to conduct for cosmetic outcome assessment. In statistical
analyses of cosmetic outcome, excellent and good results were combined
to one group and compared to combined group of fair and poor results.
Significance was set at p < 0.05.

3. Results

The demographic information of the patients has been published
earlier, and there were no significant differences between the study arms
[14].

3.1. Lesions

In total, 98 low-risk BCCs were included. During the trial, 95 lesions
were assessed at three months, 91 lesions at one-year, and 76 lesions at
five-year follow-up visits. The detailed flow-chart is presented in Fig. 1.

At the 1-year follow-up, one lesion was assessed with a clinical
evaluation without a biopsy to confirm the results, as the patient had an
upcoming cytostatic treatment and obtaining the biopsy was not
possible for ethical reasons. However, the biopsy was obtained at the
five-year follow-up for this patient. Otherwise, the biopsies were ob-
tained from all patients attending every follow-up visit. There were 15
histologically confirmed non-responsive lesions, which were all excised
according to our protocol. No aggressive subtypes were reported, with
only superficial or nodular growth in the final histopathological report.

3.2. Cumulative response rate

According to ITT analyses, the cumulative response rate at one year
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Fig. 1. Flow-chart of the lesions throughout the trial. The non-responsive lesions and interruptions with reasoning were reported after every visit. The number of
lesions used in the intention-to-treat (ITT) and per-protocol (PP) analyses are reported for each timepoint.

was 90.6 % for MAL, 81.3 % for BF-200 ALA, and 75.8 % for HAL, and
correspondingly 71.9 %, 54.6 % and 60.6 % at five years. There were no
statistically significant differences between interventions and compar-
ator. The overall cumulative response rate for PDT of low-risk BCCs was
82.5 % and 62.2 % at the one- and five-year follow-ups, respectively.
The detailed efficacy results are presented in Table 1, which also shows
the results for PP analyses and 95 % confidence intervals.

3.3. Timeline for treatment failure

In total, there were 37 lesions with a treatment failure during the
five-year follow-up period in ITT analyses. Out of these lesions, 24.3 %
(9/37) of the non-aggressive BCCs did not initially respond to the
treatment as they had not healed at the three-month follow-up, 21.6 %
(8/37) had a treatment failure at one year, and 48.6 % (18/37) had a
treatment failure at five years.

In PP analyses, 40.0 % (6/15) of the treatment failures occurred at
the three-month follow-up, 33.3 % (5/15) had a treatment failure at one
year, and 26.7 % (4/15) had a treatment failure at five years.

3.4. Cosmetic outcome at 1 and 5 years

There were no statistical differences between the interventions and

comparator in cosmetic outcome at any timepoint in PP analyses. The
detailed results are presented in Fig. 2 for each photosensitizer. There
were a few missing results in the cosmetic outcome assessments (N = 95
at three months, N = 86 at one year and N = 64 at 5 years).

Overall, at the three-month follow-up 22.1 % had an excellent
outcome, 49.5 % a good outcome and 28.4 % a fair one with no poor
outcomes reported. At one year, 33.7 % had an excellent outcome, 50.0
% good, 14.0 % fair and 2.3 % poor, and at five years 50 % had excellent,
37.5 % good and 12.5 % fair with no poor outcomes reported.

3.5. Patients’ satisfaction with the treatment

To facilitate comparisons between the photosensitizers, the PP ana-
lyses were performed for the subgroup of patients that had only one BCC
treated in the trial (N = 52 at three months, N = 50 at one year and N =
33 at 5 year).

The patient satisfaction results are presented in Fig. 3. There was a
statistically significant difference in excellent experience between the
photosensitizers, when compared to a good or fair experience. MAL was
favored over HAL (p = 0.0002), but between MAL and BF-200 ALA there
was no difference (p = 0.1753) at three months, and at one year MAL
was favored over HAL (p = 0.0134), but no difference between MAL and
BF-200 ALA (p = 1.0000). The difference between MAL and HAL
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Table 1

Cumulative response rates with 95 % confidential intervals (95 % CI). A) Results
with intention to treat analyses (ITT) B) Results with per protocol analyses (PP).
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disappeared at five years (p = 0.4081), and no difference between MAL
and BF-200 ALA (p = 0.0894).
Overall, the experience was generally excellent or good throughout

A) the trial. At three months 5.8 % (3/52) of patients had a fair experience,
i 0, 1 0,
T 3 months 1 year 5 years and res.pectlvely at one year 2.9 % (.1 /50).and at five years 3.0 % (1/33).
No patient expressed poor satisfaction with the treatment.
MAL 16 % 93.8 % (95 % CI 90.6 % (95 % CI 71.9 % (95 % CI
79.9-98.3) 75.8-96.8) 54.6-84.4) X .
BF-200 ALA  90.9 % (95 % CI 81.3 % (95 % CI 54.6 % (95 % CI 4. Discussion
7.8% 76.4-96.9) 64.7-91.1) 38.0-70.2)
P-value 1.00 0.474 0.200 We report the long-term efficacy of PDT using three different pho-
0, 0 0, 0 0, 0 0,
MAL 16 % 93.8% (95 % CI 90-6% (95 % C1 71.9.% (95 % C1 tosensitizers for low-risk BCCs. There were no statistical differences
79.9-98.3) 75.8-96.8) 54.6-84.4) - . . .
HAL 2 % 87.9 % (95 % CI 75.8 % (95 % CI 60.6 % (95 % CI between the photosensitizers in cumulative response rate in ITT ana-
72.7-95.2) 59.0-87.2) 43.7-75.3) lyses. However, long-term efficacy at five years was rather low, as low as
P-value 0.672 0.185 0.434 62.2 % in overall efficacy depending upon the type of analysis used. The
In total 90.8 % (95 % CI 82.5 % (95 % CI 62.2 % (95 % CI cosmetic outcome was excellent or good for most of the patients for all
83.5-95.1) 73.7-88.8) 52.4-71.2) . . .
photosensitizers, and the proportion of excellent results increased pro-
B) gressively. The results indicate that HAL has potential for dermatolog-
PP 3 months 1 year 5 years ical PDT. To our knowledge, this is the first trial reporting results on
MAL 16 % 96.8 % (95 % CI 96.7 % (95 % CI 95.8 % (95 % CI HAL-PDT for low-risk B.CCs. o .
83.8-99.4) 83.3-99.4) 79.8-99.3) The overall cumulative response rate in five years was 62.2 % in ITT
BF-200 ALA  90.9 % (95 % CI 83.9 % (95 % CI 75.0 % (95 % CI analyses, which is rather low, whereas in PP analyses the rate was 80.3
7.8 % 76.4-96.9) 67.4-92.9) 55.1-88.0) %, which is a clinically acceptable level for a skin cancer treatment.
P-value o.614 0-195 0.097 However, the ITT analyses may offer more realistic results compared to
MAL16%  96.8 % (95 % CI 96.7 % (95 % CI 95.8 % (95 % CI > yses may P
83.8-99.4) 83.3-99.4) 79.8-99.3) PP analyses. Treatment failures occurred late and nearly half of the cases
HAL 2 % 93.6 % (95 % CI 83.3 % (95 % CI 71.4 % (95 % CI were recorded at the five-year follow-up in ITT-analyses. This timeline
79.3-98.2) 66.4-92.7) 52.9-84.7) fits in well with the known slow growth of BCC [17] and highlights the
P-value 1.000 0.195 0.028 need of long-term follow-up after PDT.
In total 93.7 % (95 % CI 87.9 % (95 % CI 80.3 % (95 % CI Previously. it has b h hat PDT i ffecti P
86.9-97.1) 79.6-93.1) 70.0-87.7) reviously, 1F as been shown tl 'at is an effective treatment. or
low-risk BCC with excellent cosmetic outcome and safety, though imi-
quimod and surgery are more effective [18,19]. However, studies
assessing the long-term outcome of PDT for BCCs are still rare [6].
HAL BF-200 ALA MAL
5 5 1 5
g g, ;
S D1 k)
g ] .
- Z .
A A c
Fig. 2. Cosmetic outcome assessed by a blinded investigator for each photosensitizer.
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Fig. 3. Patient-reported satisfaction with the treatment. A) 3-months follow-up B) 1-year follow-up C) 5-year follow-up.



M. Salmivuori et al.

Notably, a Cochrane review on BCC interventions by Thomson et al.
showed that the average follow-up time is 13 months [6], and thus the
results from trials with long-term results should be highlighted.

Jansen et al. reported a comparable efficacy to our study, with 62.7
% cumulative probability for tumor-free survival at five years for MAL-
PDT in ITT-analyses, in the treatment of superficial BCCs [7]. This study
used two MAL-PDT sessions, similar to our protocol. MAL-PDT had an
inferior efficacy of 62.7 % compared to the efficacies of imiquimod (80.5
%) and 5-fluorouracil (5-FU) (70.0 %) [7]. Basset-Seguin et al. reported
an overall efficacy of 78 % at five years in PP analyses for MAL-PDT in
the treatment of superficial BCC in a randomized clinical trial comparing
MAL-PDT to cryotherapy, with 80 % efficacy [20]. However, this trial
employed a single session of PDT but repeated the treatment at three
months in non-responsive lesions, which differs from our protocol.
Basset-Seguin et al. reported a similar long-term result as in our PP
analyses, with 80.3 % overall efficacy for PDT treatment.

In our results, MAL-PDT had 95.8 % cumulative response rate at five
years in PP-analyses, but the number of cases is rather small (N = 24).
Thus, it is more reasonable to compare the cumulative overall efficacy
for PDT at five years (N = 76). Rhodes et al. achieved a complete
response rate of 76 % at five years in PP analyses for MAL-PDT of
nodular BCCs when compared to surgery with 96 % efficacy, which is
also in line with our results [21]. Jansen et al., Basset-Seguin et al. and
Rhodes et al. [7,20-22] all performed histopathological verification of
clinically suspected recurrences, whereas in our study all results were
confirmed with biopsies near the original diagnostic biopsy and addi-
tional biopsies were taken from clinically suspected sites.

Regarding the one year outcome, Morton et al. showed that BF-200
ALA 7.8 % was non-inferior in efficacy compared to MAL 16 % in PDT
of nonaggressive BCCs [12]. In PP analyses, Morton et al. reported an
overall clearance rate of 85.8 % for BF-200 ALA and 84.4 % for MAL at
one year [12]. In our PP results, cumulative clearance rates at one year
were 83.9 % for BF-200 ALA,96.7 % for MAL, and 83.3 % for HAL.

There are some differences in penetration depth in advantage for BF-
200 ALA and HAL compared to MAL [8-11]. However, a superior effi-
cacy was not achieved using HAL or BF-200 ALA compared to MAL in
ITT-analyses. Furthermore, in PP-analyses at five years MAL 16 % was
superior compared to HAL 2 % (p = 0.028), but respectively there was
no difference at five years in ITT-analysis (p = 0.434). This result could
indicate that the concentration of HAL in treatment of low-risk BCC
should be higher than 2 %, or this discrepancy could be related to small
sample size. Thus, the optimal concentration for different indications in
dermatological PDT with HAL still needs to be determined. Interest-
ingly, a low concentration of HAL 0.2 % showed comparable efficacy to
MAL 16 % in the daylight-PDT of actinic keratoses [23]. A limitation is
that there is currently no commercially available HAL for dermatolog-
ical PDT.

Other topical treatments including imiquimod and 5-FU have been
shown to be more cost-effective compared to MAL-PDT [24]. The
advantage of BF-200 ALA and HAL may be the use of low concentrations
which could lead to lower costs. The availability of several photosensi-
tizers could create competition for the market and further lower the
costs. Thus, low concentration HAL remains an interesting option in
PDT.

In the future, a dose-finding study with HAL is warranted to optimize
the treatment. Besides curettage, we did not combine other methods to
increase the efficacy including laser enhanced therapy or drug pene-
tration enhancers [25-27]. This would be an interesting approach for
future studies with different photosensitizers.

Superficial and thin nodular i.e. low-risk BCCs often present as
multiple and recurrent tumors leading to repeated treatments and
discomfort for patients. Thus, scarring and cosmetic outcome, discom-
fort of adverse events, impact of the treatment for patients’ quality of life
together with efficacy should all be considered when choosing the
treatment [5]. Interestingly, in a study by Essers et al. it was shown that
patients with superficial BCC who are receiving non-surgical treatments
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value efficacy the most, followed by cosmetic outcome, side effects and
treatment protocol [28]. Our results show that patients were generally
satisfied with PDT. Most of the patients reported good or excellent ex-
periences and only up to 5.8 % of patients had a fair experience for the
treatment throughout the trial. No patients reported a poor experience.
There was a trend for higher satisfaction with MAL-PDT, but this trend
disappeared during the long-term follow-up. Thus, patients’ satisfaction
did not relevantly differ between the photosensitizers.

The strengths of this trial include its investigator-initiated design,
long-term follow-up and histopathological confirmation of the results.
Limitations include a rather small number of lesions per photosensitizer
and somewhat optimistic power calculations in the trial design. How-
ever, in our main results of histologically verified efficacy with ITT-
analyses there were no differences between the low concentrations
photosensitizers when compared to MAL 16 %.

5. Conclusions

We report the long-term 5-year efficacy of PDT using three different
photosensitizers for low-risk BCCs. All three photosensitizers showed
comparable efficacies in ITT-analyses, patient satisfaction rates and
cosmetic outcomes. This trial shows that HAL has potential for derma-
tological PDT. The optimal concentration for different indications in
dermatological PDT with HAL still needs to be determined. Long-term
efficacy of PDT for low-risk BCCs was lower than for some other treat-
ment options, though the excellent cosmetic outcome is the strength of
PDT. All this should be considered when choosing treatment options.
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