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A B S T R A C T

Background: Photodynamic therapy is an effective treatment for actinic keratosis. 5-aminolevulinic acid na-
noemulsion (BF-200 ALA) and methyl-5-aminolevulinate (MAL) are both prodrugs for the treatment of actinic
keratosis with photodynamic therapy. A comparison of the efficacy and safety between the drugs is critical for
clinical practice.
Objectives: To investigate if photodynamic therapy in combination with BF-200 ALA is superior to photodynamic
therapy with MAL for actinic keratosis.
Methods: We performed a meta-analysis to investigate the combination of photodynamic therapy with BF-200
ALA and with MAL. The PubMed, Cochrane Library, Web of Science and EMBASE databases were searched to
select eligible randomized controlled trials. Our search was conducted on April 1, 2019, and included the search
terms “5-aminolevulinic acid nanoemulsion or BF-200 ALA”, “methyl-5-aminolevulinate or methyl aminolae-
vulinate” and “actnic keratosis”. Cochrane Risk of Bias Tool was used to estimate the risk of bias.
Results: The meta-analysis consisted of 5988 actinic keratosis lesions in five eligible randomized controlled
trials, with a total of 2953 actinic keratosis lesions treated with BF-200 ALA and 3035 actinic keratosis lesions
treated with MAL. BF-200 ALA in combination with photodynamic therapy showed significantly higher overall
complete clearance rates (RR: 1.07, 95% CI 1.02–1.12, p=0.01) and 3 month complete clearance rates (RR:
1.09, 95% CI 1.06–1.12, p < 0.00001) compared to MAL. A subgroup analysis was performed for photodynamic
therapy combined with BF-200 ALA, revealing increased complete clearance rates of grade II-III lesions in
comparison with MAL (RR: 1.24, 95% CI 1.05–1.46, p= 0.01). Compared with MAL, the pooled relative risk for
the meta-analysis for recurrence was 0.67 (95% CI 0.48-0.92, p=0.01) at 12 month after BF-200 ALA treat-
ment.
Conclusion: Photodynamic therapy with BF-200 ALA has a 9% better chance of complete clearance at 3 months
and a 24% better chance of grade II-III lesions after treatment than with MAL for patients with actinic keratosis.

1. Introduction

Actinic keratosis is the premalignant stage of cutaneous squamous
cell cancer and occur mainly on face, bald scalp, neck and arms. [1]
Approximately 65% of all primary squamous cell cancers developed
from previously diagnosed actinic keratosis [2]. In clinical, the presence
of multiple actinic keratosis in one region may reflect neoplastic
changes [3]. Consequently, different stages of actinic keratosis could
exist in the cancerous field, including visible and non-visible subclinical
lesions, early-clinical and late-clinical lesions, and invasive squamous

cell carcinoma [4].
Photodynamic therapy (PDT) was recommended as first-line ther-

apeutic modality for actinic keratosis [5] owing to its high rates of ef-
ficacy and improved cosmetic outcomes [6]. 5-aminolevulinic acid
(ALA), a topical porphyrin precursor, leaded to the local accumulation
of endogenous photosensitizer protoporphyrin IX (PpIX) [7]. PDT
combined with ALA had been shown to achieve excellent results com-
pared with PDT plus placebo [8,9].

However, the complete clearance rates of PDT with ALA for actinic
keratosis remained to be elevated. Several ALA-based topical
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medications had been used, differing in regard to additional chemical
modifications and other vehicle compositions. Two photosensitizers
had been studied for use in PDT: Methy-5-laminolevulinate (MAL) and
ALA-nanoemulsion (BF-200 ALA). MAL, a lipophilic derivative of ALA
that showed no significant difference between MAL and ALA. [10] On
the contrary, BF-200 ALA, a new nanoemulsion-based gel formulation
containing 7.8% ALA, enhanced the penetration into the stratum cor-
neum [11] and was found to be a very effective new formulation for the
treatment of actinic keratosis with PDT [12].

In previous studies comparing BF-200 ALA and MAL when used in
PDT for actinic keratosis, BF-200 ALA was prone to show better effi-
cacy. [13–19] The aim of the present meta-analysis was to verify the
results of current knowledge by comparing the efficacy and safety of
BF-200 ALA and MAL in PDT for actinic keratosis.

2. Methods

2.1. Protocol and registration

This meta-analysis was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analysis guidelines.
[20]

2.2. Eligibility criteria

Eligibility was restricted to trials with human participants only and
a randomized controlled study design. Patients were clinical and/or
histologic diagnosed as actinic keratosis. They were to be treated with
photosensitizers (BF-200 ALA or MAL) followed a combination of PDT.
Both inter-individual trials and intra-individual trials were investigated.
Single arm and placebo-controlled trials were excluded.

2.3. Search strategy and databases

We systematically searched the electronic databases PubMed,
Cochrane Library, Web of Science and EMBASE to identify all relevant
records until April 1, 2019. Additionally, search terms included “actinic
keratosis”, “5-aminolevulinic acid nanoemulsion or BF-200 ALA” and
“methyl-5-aminolevulinate or methyl aminolaevulinate”. No restric-
tions were used for the search string. The results were uploaded into a
citation database program for review (EndNote: http://endnote.com/).

2.4. Selection process

Two authors (CF and BW) independently screened titles and ab-
stracts for eligible studies that identified in the electronic database
searched. Trial registers were hand-searched and assessed for eligibility
by one author (BW). For records that were considered relevant ac-
cording to title and abstract screening, full-text articles were obtained
and checked by two review authors independently (CF and LQ) for
inclusion and exclusion criteria. Whenever discrepancies arose, re-
solution was achieved by discussion.

2.5. Outcomes

The primary outcomes were: 1. the participant complete clearance
rate, defined as the rate of participants who had completely reduction
of lesion counts from baseline to assessment (absolute values); 2. the
participant recurrence rate. The secondary outcomes were pain due to
treatment, reported on a visual analogue scale (VAS) from 0 to 10.

2.6. Data collection, synthesis and management

Information on each included randomized controlled trial regarding
study design, baseline characteristics, outcomes, types of intervention
and risk of bias were collected and summarized by two authors

independently (CF and BW) using Review Manager Version (RevMan
5.3). Wherever possible and suitable, we performed a meta-analysis of
quantitative data using RevMan 5.3. Dichotomous outcomes were ex-
pressed as risk ratios (RR) with 95% confidence intervals (CI), and
continuous outcomes as mean or median differences (MD) with 95% CI.
Random-effects model was applied if the heterogeneity test showed
statistical significance (p < 0.10, I2> 50%).

2.7. Risk of bias assessment

Two authors (BK and XZ) independently assessed the risk of bias of
the included trials with the Cochrane Risk of Bias Tool. Discrepancies
were thoroughly discussed and resolved through using the details
providing by the full texts and supplementary material.

3. Results

3.1. Study screening

Our search of the PubMed, Cochrane Library, Web of Science and
EMBASE databases identified 52 publications and meeting abstracts.
We then excluded 24 duplicates. We excluded 13 after review of titles
and abstracts demonstrated irrelevant topics, non-comparative studies
and case reports. 15 records underwent full-text review. Eight records
were excluded because they were reviews or comments (n= 4) or be-
cause they were unpublished trials (n= 4). Finally, a total of 7 studies
[13–19] met the eligibility criteria, including 5 randomized controlled
trials and two long-term follow-up studies (Fig. 1).

3.2. Study and participant characteristics

Overall, 5 randomized controlled trials in 7 records with a total
sample size of 678 patients with 5988 actinic keratosis lesions. The
characteristics of the eligible trials were summarized in Table 1. Three
of the five trials were conducted at multicenter sites. Follow-up dura-
tion ranged from 1 month to 12 months. Most participants in these
comparative trials were older and tended to favor male enrollment.
Mean age of study participants ranged from 70.7 to 79.8 years with the
fraction of male participants ranging from 54% to 96%. Locations

Fig. 1. Flow diagram of the literature search.
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included the face and scalp in the selected trials. Daylight illumination
was applied in three trials. One trial used only Aktilite CL 128 as light
source, and one multicenter trial used Aktilite CL 128, Omnilux PDT or
PhotoDyn 750/705 as the light source.

3.3. Complete lesion response

All of the selected trials reported the complete clearance of actinic
keratosis lesions. Compared with MAL photodynamic therapy, the
pooled relative risk for the complete lesion response was significantly
higher after BF-200 ALA photodynamic therapy treatment (RR: 1.07,
95% CI 1.02–1.12, p=0.01; I2= 72%) (Fig. 2A). Two trials were
identified reporting participant complete clearance rates at 3 months.
Photodynamic therapy in combination with BF-200 ALA showed sig-
nificant higher participant complete clearance rates compared to pho-
todynamic therapy plus MAL (RR: 1.09, 95% CI 1.06–1.12,
p < 0.00001; I2= 0%) (Fig. 2B). However, this difference was not
statistically significant at 12 months (RR: 1.10, 95% CI 0.99–1.23,
p=0.07; I2= 68%) (Fig. 2C).

3.4. Subgroup analysis

Two trials were enrolled in subgroup analysis. BF-200 ALA photo-
dynamic therapy showed higher participant complete clearance rates in
comparison to photodynamic therapy plus MAL for the treatment of
grade II-III actinic keratosis lesions (RR: 1.24, 95% CI 1.05–1.46,
p=0.01; I2= 0%). There was no significant difference between BF-
200 ALA and MAL when performed in grade I actinic keratosis lesions
(RR: 1.15, 95% CI 0.91–1.46, p= 0.23; I2= 75%) (Fig. 3).

3.5. Recurrence rates

Data on recurrence rates as the number of recurrent lesions was
available from two trials. The pooled results showed that lesions treated
with BF-200 ALA photodynamic therapy had a significantly lower
likelihood for recurrence in comparison to MAL photodynamic therapy
at 12 months (RR: 0.67, 95% CI 0.48-0.92, p=0.01; I2= 26%) (Fig. 4).

3.6. Adverse events

Data of pain score was available from three trials. Pooled results
showed that the combination of photodynamic therapy with BF-200
ALA was perceived as more painful than MAL photodynamic therapy
(mean difference: 0.21, 95% CI 0.05-0.37, p=0.008; I2= 6%)
(Fig. 5A). However, subgroup analysis of pain for face or scalp showed
no significant difference between BF-200 ALA and MAL treatment (face
mean difference: -0.09, 95%CI -0.57-0.38, p= 0.70, I2= 0%; scalp
mean difference: 0.15, 95%CI -0.12-0.43, p=0.27, I2= 44%)
(Fig. 5B).

3.7. Bias assessment

All of the included trials had achieved randomization. Only one trial
was unclear how the concealment was allocated. Blinding of partici-
pants or personnel was performed in 4 of the included trials. Four trials
had reported all results for their pre-defined outcomes. Finally, this
meta-analysis was at low risk for reporting bias (Fig. 6).

4. Discussion

Photodynamic therapy has been successfully develop to treat der-
matological disease since the simplicity of light exposure for the skin
and easy accessibility of topical use of photosensitizers. The mechanism
of reaction of photodynamic therapy between a photosensitizing com-
pound and a light source is based on the production of reactive oxygen
species (ROS). [21] Within the cells of actinic keratosis, the activeTa
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Fig. 2. Forest plots of risk ratios for complete response. (A) Forest plots of risk ratios showed that the complete lesion response rates were significantly higher after
BF-200 ALA photodynamic therapy treatment compared with MAL photodynamic therapy; (B) Forest plots of risk ratios showed that photodynamic therapy plus BF-
200 ALA had significant higher 3 months participant complete clearance rates; (C) There was not statistically significant difference of complete clearance rates at 12
months between two drugs. BF-200 ALA: 5-aminolevulinic acid nanoemulsion; MAL: methyl-5-aminolevulinate; CI: confidence interval; I2: index of heterogeneity;
M−H: Mantel-Haenszel statistical method; Random: Random effects analysis model; Fix: Fixed effect analysis model.

Fig. 3. Forest plots of subgroup analysis of risk ratios for complete response according to the grade of actinic keratosis lesions. Forest plots of risk ratios showed that
BF-200 ALA photodynamic therapy had higher participant complete clearance rates for the treatment of grade II-III actinic keratosis lesions, other than grade I actinic
keratosis lesions.
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photosensitizers photoporphyrin IX (PpIX) absorbs light and leads to
the generation of ROS thus resulting in damage to cell membranes and
lipid peroxidation, induction of cell death [10,22,23].

The first generation photosensitizers for photodynamic therapy
treatment are HpD or its purified version Photofrin. However, the
prolonged phototoxicities last 6–10 weeks, which limit their use.
[24,25] Compared with the first generation photosensitizers, the second
generation photosensitizers are pure compounds and have a lower
propensity to cause prolonged photosensitivity [26]. Examples are
benzoporphyrin derivative monoacid ring A, m-tetrahydroxyphenyl-
chlorin, tin ethyl etiopurpurin, phthalocyanies and chlorins. The third
generation photosensitizers such as lutetium texaphyrin [27,28] and
antibody-conjugated photosensitizers [29] have not yet approved.

ALA and its methl ester MAL are topically applied photosensitizers
avoiding the prolonged photosensitivity by systemic administration.
MAL was approved in Europe for topical photodynamic therapy of ac-
tinic keratosis lesions in 2001 [30,31] and in the USA for the treatment
of actinic keratosis in 2004 [32,33]. The application of ALA or MAL
dramatically reduced the adverse side effect of prolonged cutaneous
phototoxicity. The decreasing of adverse events was attributed to the

fully metabolism of endogenous photosensitizer PpIX over 24–48 h
[34,35]. However, MAL was withdrawn from the market in the USA
because of the similar efficacy of ALA and MAL [36]. Consequent re-
search reported that there was no significant difference between ALA
and MAL when it came to complete clearance rates, but MAL caused
more pain than ALA during treatment [37].

BF-200 ALA, a nano-emulsified preparation of ALA, increased ALA
stability [11] and accelerated the conversion of ALA into PpIX [38]. In
healthy volunteer’s skin, BF-200 ALA increased PpIX formation in
comparison with MAL [39,40]. This improvement in penetration re-
sulted higher complete clearance rates of BF-200 ALA than MAL in
grade II-III actinic keratosis [17,18]. In our meta-analysis, BF-200 ALA
significantly increased the participants’ complete clearance rates com-
pared with MAL at 3 months, but not at 12 months. As described above,
we suspected that BF-200 ALA was non-inferior to MAL in the treatment
of actinic keratosis. It seems that the use of BF-200 ALA is not neces-
sary.

However, in the subgroup analysis of long-term follow-up re-
searches, the combination of photodynamic therapy with BF-200 ALA
was superior to MAL photodynamic therapy in the treatment of grade

Fig. 4. Forest plots of risk ratios for recurrence at 12 months. Lesions treated with BF-200 ALA photodynamic therapy had significantly lower 12 months recurrence
rates.

Fig. 5. Forest plots of risk ratios for photodynamic therapy related pain. (A) Forest plots comparing the influences of BF-200 ALA and MAL on pain scores, showed
that photodynamic therapy plus BF-200 ALA caused more painful than MAL photodynamic therapy; (B) Subgroup analysis on pain scores according to the location of
actinic keratosis lesions, showed no significant difference between two drugs. IV: Inverse Variance statistical method.
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II-III lesions. Moreover, 12 months after photodynamic treatment, BF-
200 ALA showed less recurrence rates compared with MAL. Thus, we
considered significant superiority of BF-200 ALA over MAL.

Although photodynamic therapy with BF-200 ALA could achieve
higher efficacy for actinic keratosis, management of treatment-related
pain/adverse side effects might be a challenge. The efficacy was asso-
ciated with elevated pain and local skin reactions. Consistently, our
results showed that BF-200 ALA significantly increased the pain score
compared with MAL. Since pain intensity is associated with light in-
tensity, narrow-spectrum devices cause more severe pain. The red light
source, Aktilite CL 128, could provide a narrow spectrum around
630 nm, which explained the significant difference in pain evaluation
analysis. However, in the subgroup analysis of pain score, there was no
significant difference between BF-200 ALA and MAL in the treatment of
for face or scalp lesions. In the included trials, nevertheless, both
narrow and broader light sources were contained. The discrepant re-
sults might be attributed to the treatment area size which was a well-
known predictor of photodynamic therapy pain. [41]

Additionally, the economic impact of the disease and real incurred
costs are needed to be evaluated. A previous meta-analysis indicated
that MAL photodynamic therapy was an effective treatment with a

favorable value for money profile and daylight photodynamic therapy
remained the least expensive option per lesion clears. [42] The clinical
trial conducted by J. E. Räsänen studied the cost-effectiveness of pho-
todynamic therapy combined with BF-200 ALA/MAL and showed the
costs were similar for both photosensitizer [14]. Another study in our
meta-analysis suggested that a 0.25mm layer of the photosensitizer
precursor may lead to lower costs [15]. Whereas, the prices of BF-200
ALA and MAL vary among countries which may lead to actual differ-
ences in cost-effectiveness, further researches are warranted to confirm
clearer results.

There were several limitations involved in our meta-analysis. Both
intra-individual and inter-individual studies were selected in the ana-
lysis. The incubation time varied from 0.5 to 3 h. Moreover, light
source, exposure time, and length of follow-up were variety.
Conclusions regarding the adverse event were contradictory, because of
the lacking trials with comparable study variables. Cosmetic outcome
comparison data was insufficient. The cost of topical treatments for
actinic keratosis was not evaluated.

Altogether, our analysis provided a rationale that the combination
of photodynamic therapy with BF-200 ALA offered efficacy benefits
compared to photodynamic therapy with MAL for the treatment of

Fig. 6. Risk of bias. (A) Summary of the evaluation of the included randomized controlled trials for each risk of bias item. Review authors’ judgments about each risk
of bias item presented as percentages across all included clinical trials; (B) Risk of bias evaluation for each included trials. The review authors’ judgments on each risk
of bias item for each include trials: low risk = ‘+’, high risk = ‘-’, unclear risk of bias = ‘?’.
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grade II-III actinic keratosis lesion.
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