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Photodynamic Therapy in Treatment of Oral Lichen Planus

Diana Mostafa?, Bassel Tarakji®

Abstract

Oral lichen planus (OLP) is a relatively common chronic immuno-
logic mucocutaneous disorder. Although there are many presenting
treatments, some of them proved its failure. Recently, the use of pho-
todynamic therapy (PDT) has been expanding due to its numerous
advantages, as it is safe, convenient, and non-invasive and has toxic
effect towards selective tissues. This article provides comprehensive
review on OLP, its etiology, clinical features and recent non-pharma-
cological treatments. We also describe the topical PDT and its mecha-
nisms. Our purpose was to evaluate the efficacy of PDT in treatment
of OLP through collecting the data of the related clinical studies. We
searched in PubMed website for the clinical studies that were reported
from 2000 to 2014 using specific keywords: “photodynamic therapy”
and “treatment of oral lichen planus”. Inclusion criteria were English
publications only were concerned. In the selected studies of photody-
namic treatment, adult patients (more than 20 years) were conducted
and the OLP lesions were clinically and histologically confirmed. Ex-
clusion criteria were classical and pharmacological treatments of OLP
were excluded and also the using of PDT on skin lesions of lichen
planus. We established five clinical studies in this review where all
of them reported improvement and effectiveness of PDT in treatment
of OLP lesions. The main outcome of comparing the related clinical
studies is that the photodynamic is considered as a safe, effective and
promising treatment modality for OLP.

Keywords: Oral lichen planus; Photodynamic therapy; Treatment

Introduction of Oral Lichen Planus (OLP)

OLP is a relatively common chronic, immunologic, inflam-
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matory, mucocutaneous disorder. It affects 0.5-2% of general
population. It has higher incidence in females with no racial
predisposition. It affects middle-aged patients (over 35 years)
while children and teenagers are rarely affected. Oral form of
lichen planus occurs more frequently and tends to be more re-
sistant to treatment than cutaneous form. Approximately one-
third of the patients who have oral lesions also have skin le-
sions [1-8].

Etiology

There are several hypotheses involving genetic, infectious,
psychogenic and autoimmune factors [9]. Recently, it was ac-
cepted that OLP involves chronic cell-mediated immune reac-
tion of unknown etiology that induces damage to basal cell
layer of the epithelium, in which T lymphocytes accumulate
in the superficial lamina propria, basement membrane (BM)
disruption, intra-epithelial T-cell migration and keratinocyte
apoptosis in OLP [10, 11]. It was reported that patients with
OLP have higher levels of stress, anxiety, and depression. El-
evations of salivary cortisol (stress hormone) and psychologi-
cal factors have been found in OLP patients. It was also found
that local conditions such as poor oral hygiene and smoking
may exacerbate OLP [9, 12-15]. Also, there are many reports
of association between erosive OLP and infectious agents: her-
pes simplex virus (HSV), Epstein-Barr virus (EBV), human
papilloma virus (HPV), cytomegalovirus (CMV) and human
immunodeficiency virus (HIV). It could be due to the persis-
tence of infection in the epithelial cells affected with viruses
[13, 16, 17].

A number of previous reports have suggested that pa-
tients with OLP have associated diabetes, hypertension and
liver diseases more often than patients without OLP [18, 19].
Conversely, some reports have not supported these presump-
tions [20]. Also, more than 90 controlled studies had reported
association between OLP and hepatitis C virus [13, 16, 21].
The probable reason is the ability of HCV-RNA for cytopathic
replication outside the liver cells, persistent infection and trig-
gering of immunological processes (the activated CD8 T cells,
cytokines and expansion of certain B-cell clones), leading to
OLP manifestations [22]. The CD8" T cell proportion of OLP-
HCYV patients in lamina propria was significantly higher and
deeper than in OLP which gives the more aggressive erosive
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manifestation of OLP-HCYV patients [23]. On the other hand,
this association was not confirmed by Dupin et al [24], who
stated that there was no association between OLP and HIV.

Clinical features

OLP has characteristic clinical features and distribution in the
oral mucosa. It is commonly presented bilaterally on posterior
buccal mucosa but not always symmetrical. OLP lesions are
characterized by periods of exacerbation and remission [25,
26]. The OLP lesion is based on six clinical forms that were de-
scribed by Andreason [27] as reticular, papular, plaque, atroph-
ic, erosive, and bullous. The same patient may have OLP with
multiple forms [28]. Reticular OLP is the most common form
that is characterized by asymptomatic interlacing white kera-
totic lines called Wickham’s striaec where it does not disappear
by stretching or rubbing its surface [29]. Erosive OLP is a mix
of erythematous and ulcerated areas. Atrophic OLP is diffuse
erythematous patches of mucosal thinning and combined with
striae. Bullous OLP has intraoral bullae that rupture soon af-
ter their appearance, causing painful ulcerated surface. Plaque
OLP is described as homogenous white patches looking like
oral keratosis. Papular OLP contains small white papules with
fine striae [27]. The cutaneous lesions can be described as
shiny, well-defined, purplish, polygonal, planar, pruritic pap-
ules and plaques that may reveal white striations (Wickham’s
striae). The flexor surfaces of the legs and arms, especially the
wrists are the most common sites [30, 31]. Malignant potential
of OLP is estimated 0.4-6.25%. Only lesions that have dyspla-
sia are potentially at risk of developing into cancer. Smoking
and alcohol may increase the risk of oral cancer [32-34]. The
incidence of squamous cell carcinoma is higher for females.
The malignant transformation occurs most frequently in the
erosive form of OLP 35%, followed by the plaque type 24%
and the reticular type 11% [35-37].

Recent non-pharmacological treatment of OLP

Due to the partially understood pathogenic mechanism and
potential malignant nature of OLP [32], various modalities
are done for treatment of the symptomatic OLP. The aim of
these modalities is to reduce the length and severity of symp-
tomatic outbreaks [30]. Follow-ups and periodic examinations
are needed to avoid any possible malignant transformation [35,
38].

Lasers have been suggested as non-pharmacological mo-
dality to patients resistant to conventional treatment but their
effectiveness is under study [39]. Lasers are used in high- or
low-level laser irradiation manners for treatment of OLP.
Some studies have conducted that high-level lasers are used
for successful OLP tissue ablation such as CO, lasers which
have been proven to be very effective treatment for OLP with
decreasing recurrence rate 20% in which the thermal laser en-
ergy carbonizes superficial layers of epithelium [40, 41].

However, low dose 308-nm excimer laser is a palliative
treatment when the mucosa lacks the overlying epithelial layer,
and a higher and more effective UV dose is allowed to reach
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the infiltrating lymphocytes [42]. Diode laser 980 nm was also
reported as an easy, effective, fast and safe treatment of OLP
[39].

Photodynamic therapy (PDT) has been reported as a very
promising treatment method as it does not cause scarring be-
cause of the eradication of microfoci after PDT, which cannot
be seen upon macroscopical examination. It also decreases risk
of recurrence [43, 44].

The PDT

PDT is a recent therapy that began to be explored in treatment
of OLP. It is a special type of treatment that combines two
components: a photosensitive agent or photosensitizer (PS)
and a harmless light source of a specific wavelength [45]. The
visible light irradiation forms biochemical interactions in the
presence of the PS which undergoes excitation and produces
toxic oxygen species such as singlet oxygen and free radical
that cause specific cellular destruction, membrane lysis and
protein inactivation [46-48]. Nowadays, PDT is used for the
treatment of various types of oral diseases such as cancers, leu-
koplakia, erythroleukoplakia, dysplasia, and mucosal hyper-
trophy. Its efficacy varies, from complete regression of lesions
to the lack of response to treatment [49].

PS used in PDT

PDT PSs are chemical compounds that can be promoted to
an excited state upon absorption of the light. When they cap-
ture light energy, they transfer it into chemical reaction in the
presence of molecular oxygen produces singlet oxygen ('0,)
or superoxide (O,"), which gives them the ability to induce cell
damage through direct and indirect cytotoxicity [50, 51].

PSs can be classified by their chemical structures and ori-
gins into three broad families: 1) porphyrin-based PS (e.g. pho-
tofrin, 5-aminolevulinic acid (ALA/PpIX), BPD-MA), 2) chlo-
rophyll-based PS (e.g. chlorins, purpurins, bacteriochlorins),
and 3) dye (e.g. phtalocyanine, napthalocyanine). Most of the
currently approved clinical PSs belong to the porphyrin family
[51].

The first PSs used in PDT were compounds belonging to
the group of hematoporphyrin, photofrin, and meta-tetra (hy-
droxyphenyl) chlorin. After extended period of time, the PSs
of choice included ALA and dyes - toluidine blue and methyl-
ene blue (MB) [52].

Methyl 5-aminolevulinate (MAL) is an esterified deriva-
tive of ALA. It is lipophilic and its selectivity for specific cells
is greater than that of ALA which increases its phototoxicity
effect [53].

The phenothiazine dye MB has excellent photochemical
properties and is recognized as non-toxic dye. Unlike other
PSs, it can be administrated topically and orally, which make
it the preferred choice for superficial lesions in skin and oral
cavity [54-56]. It also has high absorption of wavelengths at
665 nm, where light penetration into the tissue is optimal [54,
57, 58]. It has a natural antifungal and antibacterial activity, of
which toxic potential can be increased by light activation [54,

www.jocmr.org



Mostafa et al

J Clin Med Res. 2015;7(6):393-399

55, 59].

Photolon®, a novel chlorine 6-derived PS, is a pigment
that has been successfully substantiated with evidence in the
treatment of precancerous, cancerous lesions [49, 60, 61], and
it had produced advantageous outcomes in OLP treatment, re-
ducing the main signs and symptoms even without the need for
analgesics or anesthetics during PDT which make it suitable
choice of treatment for the old patients [49].

However, until this moment, there is no PS that would
have all clinical demands. Most of them have disadvantages
like: prolonged skin photosensitivity, limited ability of cell se-
lectivity, and unpredictable efficacy [57].

Types of lights source used in topical PDT

Various light sources are used in topical PDT. 1) Lasers are
considered as an ideal light source for PDT due to its coherence
and monochromaticity. The therapy of soft tissue performed
with such lasers is called “low level laser therapy” (LLLT)
[62]. Nowadays, diode lasers are commonly used in clinics.
They are compact and portable. They have a high conversion
efficiency from electrical energy to laser energy [62-64]. 2)
Lamps have been useful in PDT especially in the cure of skin
diseases such as metal halogen lamp and short arc xenon lamp.
Although the light is filtered, the wavelength bands are wide
compared with the absorption bands of the photosensitizing
substances which lead to heat release that causes the cytotoxic
effect [63]. 3) Lasers emitted diodes (LEDs) generate wave-
length bands wider than those from lasers [63].

Mechanism of PDT

This treatment is done in two stages. In the first stage, the pho-
tosensitizing agent is accumulated in the target cells (rapidly
dividing cells) that need to be treated, following topical ad-
ministration. This was explained by disproportionately of high
numbers of low density lipoproteins receptors of their cell
membranes and abnormal microvasculature [65]. However,
not only this type of tissues exhibit accumulation of PS but
also there are microorganisms like bacteria, fungi and viruses
exhibiting selective accumulation of PSs due to differences in
permeability of their outer structures. In addition, several nor-
mal body tissues exhibit the same phenomenon which is not
well understood [65, 66].

While in the second stage, the photosensitized cells are
exposed to light source of specific wavelength that coincides
with the absorption spectrum of the PS. The second step is: a
measured light dose of appropriate wavelength is then used to
irradiate the target tissue [67, 68]. This light activates the dye
and elicits a series of cytotoxic reactions. It causes the genera-
tion of reactive oxygen species (ROS) that has toxic effect on
target cells [69-71].

PDT produces cytotoxic effects by three mechanisms: cel-
lular, vascular and immunological responses. Combination of
these responses depends on the tissue oxygen availability, the
PS and the illumination scheme used [72, 73].

Table 1. The Published Clinical Researches of Photodynamic Therapy in Treatment of Oral Lichen Planus From 2000 to 2014
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When PS localizes in cell membranes, it causes interrup-
tion and damage to plasma membrane that may release harm-
ful proteins and chemicals. Then, it causes damage to adjacent
cells [74]. PSs which are localized in mitochondria produce
cell death via apoptosis, while those localized in lysosomes
and plasma membranes induce cell death predominantly by
necrosis [75]. They do not accumulate in the nucleus which
makes them have low potential to generate DNA mutations or
carcinogenic effect [75]. Changes in vessel diameter, platelet
aggregation and leakage of vessels during PDT cause the for-
mation of edema [76, 77]. This causes indirect damage by the
deprivation of oxygen and nutrients which affects the effec-
tiveness of PDT. Without the availability of oxygen and singlet
oxygen, PDT cannot be induced [72, 76, 77]. Also PDT af-
fects the immune system and cytokines, chemokines and other
biological response modifiers are released. The inflammatory
cytokines interleukin IL-6 and IL-10 but not TNF-a have been
discovered to be regulated after PDT. Also, neutrophils were
increased in number after PDT [76, 78-80].

Discussion

The treatment of symptomatic OLP represents a therapeutic
challenge. Despite numerous existing remedies, some of these
treatments are failures. Recently, the use of PDT has been ex-
panding due to its numerous advantages, as it is safe, conveni-
ent and non-invasive as it has selective toxicity towards target
tissues. It has also excellent cosmetic results, where healing
produced with little or no scarring. It can be repeated without
producing any harm to normal tissues and can be used alone or
in conjunction with other treatment [81].

Aghahosseini et al [52] in 2006 estimated that PDT is an
alternative method for the treatment of OLP in 13 patients
with 26 mucosa lesions. The patients rinsed with 5% aque-
ous solution of MB dye for 5 min. After 10 min, the lesions
were exposed to a low-energy laser of 632 nm wavelength and
exposure dose of 120 J/cm? (Table 1). Sixteen lesions were
improved and four lesions had complete remission. The mean
reduction in the size of lesions was 44.3%. The same author
published in another research of case report, the application of
PDT mediated by MB in two patients had five lichen planus
lesions (Table 1). Two lesions completely disappeared, two
lesions were improved 50% clinically and one lesion had no
response [82].

Sadaksharam et al [48] in 2012 (Table 1) conducted a re-
search on 20 patients with systemic OLP. The patients were
treated by PDT using xenon arc lamp of 630 £ 5 nm wave-
length and total dose of 120 J/cm? per sitting in four sessions
mediated by MB. They achieved a significant reduction in le-
sions over prolonged period without any side effects. This was
also supported by Sobaniec et al [49] who concluded that there
were no adverse effects during PDT or during the follow-up
periods.

Sobaniec et al [49] (Table 1) obtained a clinical study on
23 patients with 48 lesions treated with PDT using gel contain-
ing 20% chlorine-e-6 Photolon® and 10% dimethyl sulfoxide
which was applied directly onto the lesion and the surround-
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ing healthy mucosa 1 h before exposure to a semiconductor
laser with wavelength 660 nm. A series of illuminations were
performed using light energy density of 90 J/cm?. The appoint-
ments were scheduled at 2-week intervals, but no longer than
for 10 sessions. They concluded that PDT could be useful in
treatment of OLP where the size of clinical lesions in patients
decreased significantly in 55%, and the best effects were ob-
served on lining mucosa more than masticatory mucosa.

Sobaniec et al [49] and Aghahosseini et al [52] (Table 1)
had used the diode laser with the same wavelength and energy
density but different PSs but Aghahosseini et al [52] estimated
that the significant improvement of signs and symptoms was
after 1 week of a single session of PDT and during the follow-
up period (up to 12 weeks). This was confirmed by Kvaal et al
[83] who conducted a clinical study on 14 patients treated by
PDT mediated by a porphyrin, MAL (Table 1). The OLP le-
sions were illuminated by diode laser with wavelength of 600
- 660 nm and energy density of 75 J/cm? to treat OLP patients
for 6 months. They reported remarkable lasting improvement
after a single treatment, and even during 4 years of follow-up,
without any side effects [83, 84].

Conclusion

In conclusion, the main outcome of comparing the clinical
studies is that the PDT is considered as a safe and effective
advanced treatment modality for OLP. PDT is giving a remark-
able effectiveness and improvement evidences in treatment of
OLP where the selected articles demonstrated a significant re-
duction in the signs and symptoms of OLP and an increase in
the symptom-free periods.

Due to the confined number of relevant published data
of PDT, limited sample size and short follow-up periods, we
could not give definite evidence for the advantage of PDT in
treatment of OLP. More clinical studies and verifications with
randomized clinical trials, larger numbers of patients and long
follow-up periods are needed to evaluate the effectiveness of
PDT in treatment of OLP.
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