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Basal cell cancer (BCC) is an epithelial neoplasm that arises from basal cells, which constitute the lower layer of
the epidermis. Global statistics have shown the progressive increase in the incidence of skin cancer in several
countries. The cumulative exposure to solar radiation (ultraviolet B) in the first two decades of life represents the
critical risk for the disease. Preclinical and clinical trials have shown photodynamic therapy (PDT) as a pro-
mising innovation for treatment of skin cancers, especially to the non-melanoma group. The authors reviewed

trials with photodynamic therapy in superficial basal cell carcinoma with different photosensitizers to better
evaluate how PDT modifies the natural history of sBCC. We conclude trials should not assess only the immediate
efficacy but the main goal of long-term effectiveness of the protocols in order to generate best evidence for

clinical practice.

1. Introduction

Global statistics have shown the progressive increase in the in-
cidence of skin cancer in several countries. The increase in population
longevity and the unprotected exposure to Ultraviolet B radiation
(UVB) due to work activities or life style have been found to be re-
sponsible for the high incidence of skin cancer [1-8].

Basal cell cancer (BCC) is an epithelial neoplasm that arises from
basal cells, which constitute the lower layer of the epidermis and pre-
sents a slow-growing dermatological lesion with low metastatic po-
tential. Although, locally, the tumor may present an invasive behavior
with multicentric, synchronic and metachronic lesions [9-11]. The
metastatic BCC (mBCC), the deadly form of the disease, is rare and
poorly understood [12-14].

The most frequent subtypes of aggressive growth BCC are the su-
perficial BCC (sBCC) and nodular BCC (nBCC). The most frequent
subtypes are superficial and nodular BCC. Infiltrative, metatypical,
morpheaform or sclerosing BCC represent more aggressive subtypes.
Associations of histological types occur in about 37-43% of the diag-
nosed cases [4,15]. Despite the overall low aggressiveness, BCC still
experience morbidity due to the frequency of lesions on the face, which

has high recurrence rates in the so-called Zone H (v.g., nasolabial fold,
nasal alar, orbital area and auricular area).

The gold standard treatment of BCC involves surgical excision with
safety margins. Preclinical and clinical trials have demonstrated pho-
todynamic therapy (PDT) as a effective choice, especially for un-
differentiated BCC group [16].

2. Photodynamic therapy

Photodynamic Therapy is a treatment that involves the combination
of three non-toxic components: photosensitizing substance (FS), light at
specific wavelength and molecular oxygen. When these elements in-
teract, they produce a chain of reactive oxygen species (ROS) [17-20].
Depending on a plethora of variables, such as the light energy and the
type of PS, PDT may induce different death mechanisms on the cancer
cells, mainly necrosis and apoptosis, sometimes depending on the in-
tracellular localization of the photosensitizer [21,22]. Also, PDT may
lead to tumor elimination by indirect mechanisms, such as activation of
the immune system against tumor antigens and collapse of the tumor
microvasculature.

Table 1 presents the selected photosensitizers described in this
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Table 1
Photosensitizers and the respective clinical administration route.
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Photosensitizer Administration Route

Target Organelle®

Intravenous Injection

Topical Application

Photofrin” - Porphyrin Derivate
Foscan” - Chlorin Derivate 0.1-0.15 mg/kg [28,30]
NPe6 - Chlorin Derivate 1.6-3.5mg/kg [28]
Hypericin -

Cyanines -

Amino levulinic acid (ALA) - porphyrin precursor -

2mg/kg [27,28] -

0.1% and 0.25% under occlusion [33]
0.01-0.1 mg/mL [34]
20% [36]

Mitochondria and Nuclear Envelope [29]
Endoplasmic reticulum and Golgi apparatus [31]
Lysosome [32]

Endoplasmic reticulum

Cytoplasm [35]

Mithocondria and Plasm membrane [37]

2 In vitro cellular studies.

article with their respectively administration route used in clinical ap-
plications. We also present in the main intracellular photosensitizer
localization.

The purpose of this review is to evaluate the effectiveness of PDT in
the treatment of sBCC, considering the relationship between the natural
history of the disease and the protocol applied in the clinical trial.

3. Material and methods

PubMed, Scielo, Ovide and Cochrane Databases were accessed to
select articles published in English from 2005 to 2017. The articles
should be published in English presenting results of clinical trials with
PDT in the treatment of histologically proven superficial basal cell
carcinoma, if possible with post-treatment follow up. It were selected
trials with the photosensitizers Photofrin®, Foscan®, Nep6, Hipericum,
Cyanines, ALA e MAL. Studies related to background and discussion
topics were selected with no time limit of publication.

4. Results
4.1. Photofrin” or photoeme” - PDT

Photofrin® is a complex blend of oligomers derived from dihydro-
chloridehematoporphyrin. Oseroff et al. realized an open-label clinical
trial with no randomization and blinding for interventions and out-
comes [38]. Complete remission was reported in 90% of lesions and
recurrence rates of 12-28% for sporadic BCC at 5-year follow-up. Ka-
vianiand cols combined PDT with Photoeme’, a hematoporphyrin de-
rivative IX, which was applied in six patients with 30 different lesions
located on the head and neck, two of them with 4 sBCC [39]. The trial
had its results limited to 30 days after the intervention. One incomplete
and 3 complete remissions were observed in sBCC lesions.

4.2. Foscan" PDT

Meta-tetrahydroxy-phenylchlorin (mTHPC or Foscan®), is a second-
generation FS. The open-label non-randomized study by Betz et al.
using mTHPC had the objective to define by escalation the best protocol
for BCC treatment [40,41]. Although more than 50% overall re-
currences occurred in the first-year of follow-up in a total of 341 treated
sBCC. the group who used the optimized protocol experienced rates of
95% cure after 72 months of follow-up. Thickness (> 3 mm) and lo-
cation of the lesion (Zone H) were considered to be important factors
for recurrence.

4.3. NPe6 - PDT

An open assay performed by Chan et al. aimed to study the phar-
macokinetics of mono-r-aspartyl chlorine6 (NPe6 [42]. Twenty-four
lesions of sBCC were treated with outcomes of 22 complete therapeutic
response (92%) and 2 without remission. There was no long follow-up
for a better evaluation of the recurrence of post-treatment lesions.
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4.4. Hypericin - PDT

Hypericin, a lipophilic compound obtained from
Hypericumperforatum, is considered as the most potent natural pho-
tosensitizer. The objective of the Kacerovska et al. trial was to evaluate
the efficacy of PDT with topical application of H. perforatum extract in
keratinized actinic lesion, basal cell carcinoma (BCC) and Bowen's
disease [43]. Eighteen patients with superficial basal cell carcinoma
were treated. The results demonstrated low efficacy due to variability in
the purity and concentration of PS in the extract. The overall in-
complete response reach to 88%. Only two lesions off 120 showed
clinical and histological complete response.

4.5. Cyanines (PHC) - PDT

Cyanines are second generation FS with molecular similarity to
porphyrins. The study conducted by Baron et al. evaluated the topical
use of PC-4 in the treatment of skin cancer [45]. The clinical trial in-
cluded 43 individuals, and no tumor remission was observed.

4.6. Metabolic precursors of protoporphyrin IX - PDT

Amino levulinic acid (ALA) is a precursor of photosensitizer
Protoporphyrin IX (PpIX) which shows strong affinity for the skin. The
5-amino levulinic acid (MAL) is equally a metabolic precursor of PpIX.
The advantage of the precursors of PpIX over functional PS prior to cell
internalization is the low ability of the foremost to promote photo-
reaction [46].

4.7. MAL - PDT

Szeimies et al. performed a randomized, multicentric trial (United
Kingdom, Germany, Switzerland and Australia) to demonstrate the non-
inferiority of MAL-PDT, considering complete pathological response
and cosmetic results, after one year of treatment [47]. One hundred
patients were randomized to receive MAL-PDT and 96 were referred for
surgery. After three months of treatment, it was observed that MAL-PDT
was not inferior to surgery and a mean complete response of 92.2% and
99.2%, respectively was observed in terms of per protocols analysis (PP
population). At 12 months recurrence rates were higher in the MAL-
PDT group (9.3%) when compared to the surgery group (0%). Re-
garding cosmetic results, MAL-PDT showed superiority to surgery.

Arits et al. performed a multicenter clinical trial whose outcomes
were followed for three years [48]. The objective was to define the
effectiveness of the MAL-PDT in the treatment of sBCC when compared
with topical fluorouracil and 5% imiquimod cream The primary end-
point was defined as the probability of the patient maintaining com-
plete remission after 3 and 12 months of follow-up. A total of 601 pa-
tients with sBCC were randomly assigned to treatment with MAL-PDT,
topical imiquimoid, or topical fluorouracil. After 12 months of treat-
ment, respectively 26%, 16% and 20% of the patients allocated to the
MAL-PDT, imiquimoid and fluorouracil groups presented residual
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tumors or recurrence. In comparative terms, the treatment with imi-
quimoid was significantly superior compared to MAL-PDT. Pain and
burning sensation were frequent adverse effects in MAL-PDT group. The
imiquimoid cream had serious adverse effects which led to ulcer and
local infections. Aesthetic results were similar in the MAL-PDT, imi-
quimoid and fluorouracil groups (62.4, 61.4% and 57.5%, respec-
tively), showing equivalence or non-inferiority. Based on the com-
parative rates of complete remission of sBCC observed in the study,
Roseboom et al. extended the follow-up to 36 months, and observed
that 58% of patients treated with MAL-PDT were tumor-free after these
three years of observation [49]. After this period, the complete tumor
remission was 80% in the imiquimod treated group. Considering
follow-up after 1 and 3 years, there is a clear decline in the rate of
complete remission associated with MAL-PDT.

The clinical trial conducted by Cristensen et al. aimed to evaluate
prospectively the complete therapeutic response of PDT combined with
MAL in the extended follow-up [50]. A total of 24 lesions were histo-
pathologically diagnosed as sBCC. In long follow-up, 68% of the lesions
treated with a single session of ALA-PDT presented complete remission
and 91% of those treated with two PDT sessions remained disease free.
The groups of single and double PDT sessions presented clinical and
histopathological concordance in the evaluation of complete ther-
apeutic response. More than 90% long-term complete response was
observed in patients who have two sessions of PDT, only if the lesions
remained clear after 3 months of the last session of treatment. The
highest recurrence rate was observed in lesions of H-Zone [51]. Wiegell
et al. using a daylight-MAL-PDT treated 21 patients with 32 lesions in
different locations. The protocol consisted in apply 1-mm layer of MAL
cream and allowed the instruct the patient to start daylight exposure
within 30 min and to expose themselves continuously to daylight for
2 h. After that they should wiped off MAL cream and stay the rest of the
day indoors. After 3 and 12 months, 94% (in 19 patients) and 74% (in
23 patients) of treated lesions, respectively, showed complete response,
and after 12 months 21% of lesions (6 lesions) had recurred. The au-
thors concluded that this approach is effective and more convenient,
compared to conventional ones, for clinicians and patients [52].

4.8. Aminolevulinic acid - PDT

Vijlder et al. conducted a randomized, open-label prospective trial
with the objective of comparing non- Fractionated ALA-PDT with single
dose of 75 J/cm? and 2-fold illumination of 20 J and 80 J/cm? [53]. The
long-term response was evaluated after 5 years of follow-up in a total of
195 individuals. After encouraging first results in the latter group, a
third one was created with 50 other subjects. The lesions included in
single session group were illuminated after 4h of the application of
20% ALA ointment. and treated with irradiance standardized at
50 mW/cm?. After 5 years, the 2-fold illumination ALA-PDT group
obtained 88% complete remissions (CR), while for the group that used
single PDT session, the CR was 75%. The outcomes demonstrated the
superiority of ALA-PDT performed with 2 light fractions of 20 and 80 J/
cm? when compared to a traditional one-session illumination scheme.
The complete response rate was comparable to surgery, with the ad-
vantage of better cosmetic outcome (Table 2).
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5. Discussion

Clinical trials have the best potential to generate robust evidence
about therapeutic interventions in humans, its results have internal and
external validity when the methodology is based on randomization,
blinding assignment of subjects and controlled selection of parameters
and outcomes. Clinical trials with BCC in general are quite scarce in the
literature and this scarcity influences the guidelines for sBCC treatment,
which do not demonstrate a clear consensus on the first choice among
non-invasive therapies to treat the neoplasm [49]. The trials selected
here evaluated the effectiveness of different FS combined to PDT in the
treatment of sBCC, with different designs and methodological qualities.
Studies with broad follow-up are important to translational medicine
because the longer design allows a parameter to assess complete ther-
apeutic response or the disease-free interval. The PDT clinical trials
with Photofrin, Foscan, Nep6 and Hipericum have an uncertain meth-
odology, which compromise the external validity of their results. The
absence of randomization and blinding of professionals and patients,
the small number of subjects included, the lack of anatomical-clinical
correlation of the lesions, the use of a valid biopsy method and the
absence of stratified subgroups certainly allowed bias. The scarcity of
other trials with PS included in this review makes it impossible for
meta-analysis to reach a conclusion regarding their effectiveness. Trials
with ALA and MAL associated with PDT and long follow-up admitted
better levels of scientific evidence. All of them were randomized con-
trolled trials (RCT) with different degrees of blinding, which evaluated
not only the effectiveness of ALA-PDT and MAL-PDT but compared both
with other therapeutic modalities in order to answer superiority and
inferiority questions.

One point that need to be highlighted is the heterogeneity of the
luminous parameters for irradiation. The difference in parameters re-
spond to the chemical characteristics of the PS, administration route,
strategies to circumvent photobleaching and downsizing of the adverse
effects.

MAL-PDT differences in protocols have consequences in the primary
outcomes. The comparison between these randomized trials with a very
similar sBCC cohort suggests that more than two PDT sessions design
may achieve best therapeutic results (Table 1). Studies with PPIX has
demonstrated that PDT repeated at a prefixed time interval in one
therapy (fractionated) session induces a higher tissue phototoxicity,
because the time gap between irradiations allowed the resynthesis of
PpIX and the tissue concentration of FS is a function of fluency rate used
in the first stage of PDT session [55].

Considering the timeline of the PDT clinical trials, the photo-
sensitizers most successful are 5-ALA and MAL. Recently an open, un-
controlled study evaluates the efficacy of day-light MAL-PDT in BCC
with excellent results [52] after 12 months follow up. But the long
follow-up should be for at least 3 years in order to monitor late re-
currences. The time for monitoring the PDT-treated lesions and their
recurrences should receive more attention in clinical trial designs. The
reasons for the recurrence point to the hypothesis of resistant micro-
tumors that escape the phototoxic effects. Preclinical studies have
sought to investigate the role of autophagy in tumor resistance, as well
as the participation of possible neoplastic stem cells as immortal matrix

Table 2

Complete Response of SBCC to MAL and ALA — PDT.
Type of Study PS 3 mo CR 12 mo CR 36 mo CR 5 years CR
Randomized, open label, multicentric Trial [44] MAL 92,2% - - -
Randomized, Partially blinded, multicentric Trial [46] MAL - 74% 80%
Longitudinal prospective study [47] MAL - - - 81%
Randomized, open-label prospective trial [49] ALA - - 75% (1)

88% (2)

PS: photosensitizer. MAL: 5-amino levulinic acid. ALA: Amino levulinic acid. Mo: month. CR: Complete Remission.

(1) 1 sessions ALA-PDT group. (2) 2 session ALA-PDT group.
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of tumor persistence. However, the results are not yet sufficiently
consolidated to generate evidence that can lead clinical practice to
achieve better results in cancer therapy [22,23].

The natural impermeability of the skin constitutes a barrier to the
diffusion of FS into deeper layers. Curettage before PDT, including area
of safety margin, is mandatory for better absorption of FS and it sig-
nificantly impacts on the clearance rate [56]. Certainly, the lack of
curettage seen in trials with hypericum and phthalocyanine contributes
to the poor results described [57-59].

The Hipericin-PDT, ALA-PDT and MAL-PDT trials demonstrated that
disagreement between clinical and histopathological diagnosis may
compromise the evaluation of results and the conclusiveness. At this
point, the technical limitations of scraping should be highlighted and
even punch biopsy in the evaluation of skin cancer. Roseboom analyzes
retrospectively 243 primary BCC and concluded that punch biopsy can
predict the aggressive BCC pattern only in 84.4% of cases. The finding is
similar to the results of studies conducted by Wolberink et al., and
Kamiab-Esari et al., who demonstrated extreme pitfalls in specificity
and sensitivity of punch biopsy to distinguish between subtypes of BCC
[60,61].

6. Conclusion

PDT are important treatment modality of patients diagnosed with
sBCC who may prefer the most appropriate cosmetic results or have
contraindications to other therapeutic modalities, which are in ac-
cordance with the risks of recurrence. Scientific evidences have been
continuously produced by in vitro and in vivo studies with focus on PS,
lasers and the mechanisms of phototoxicity in cancer cells. Although, in
order to better evaluate how the PDT modify the natural history of
sBCC, it is necessary to perform randomized controlled trials which
should assess not only the immediate effectiveness, but the long-term
effects of complete therapeutic response, to generate the most appro-
priate evidence to guide the clinical practice.
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