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ABSTRACT - Objective: This paper deals with oral leukoplakia, a potential oral malignant disorder that often
increases in malignancy due to an associated infection supported by the fungus Candida albicans. The work is
aimed at describing this dual condition through a literature review and an unusual clinical case treated with Pho-
todynamic Therapy..

Materials and Methods: We used PubMed as a research engine in order to detect the most recent papers
(2014-2023) written in English. Our main goal was to obtain more information about oral leukoplakia, its coloniza-
tion by C. albicans and its rate of malignant transformation. We also searched the database in order to evaluate
the efficacy of Photodynamic therapy against Candida infections.

Case Presentation: The case presentation refers to a 37-year-old man with a diagnosis of tongue leukoplakia
with a co-infection of C. albicans, treated with Photodynamic Therapy instead of conventional antifungal drugs.

Results: The literature review was based on a total of 17939 articles, which were reduced to only 25 after
setting the inclusion and exclusion criteria in several steps. Oral leukoplakia is an idiopathic condition that can be
considered a precancerous lesion; its co-infection with C. albicans increases the chances of its malignant transfor-
mation. Photodynamic therapy is a new approach in terms of non-conventional therapies, and there is growing
evidence that it can be used in the treatment of oral diseases, too.

Conclusions: We eradicated the presence of C. albicans strains on our patient’s leukoplakia by using a mixture
of photo-activated curcumin and H,0,, decreasing the chances of malignant transformation of our patient’s le-
sion, who is still undergoing a six-month control protocol.

KEYWORDS: Candida albicans, Leukoplakia, Photodynamic therapy, Photosensitizers, Oral Candidiasis.

ABBREVIATIONS: CHC = Chronic Hyperplastic Candidiasis; CFU = Colony Forming Unit; MT = Malignant
Transformation; OC = Oral Candidiasis; OL = Oral Leukoplakia; OPMDs = Oral Potential Malignant Disorders; OSCC
= Oral Squamous Cell Carcinoma; PDT = Photodynamic Therapy; ROS = Reactive Species of Oxygen.
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INTRODUCTION

Oral Leukoplakia (OL) is demonstrated to be a potentially malignant disorder'®, with a rate of transfor-
mation of about 9.5%'°. Leukoplakia, literally meaning “white patch”, presents as a white lesion, not
scrapable or due to anything else. WHO states as the definition of leukoplakia a “white plaque of ques-
tionable risk having excluded other known diseases or disorders that carry no increased risk for cancer”
19, So, it can be easily said that leukoplakia is idiopathic® and it is a diagnosis of exclusion**1%! Qral
Candidiasis (OC) is a disease due to fungal infection, in particular Candida albicans, which is the most
common fungus we can find in the oral microbiota. It can be responsible for many diseases, from the
thrush of the newborn child to severe infections that can lead to malignant transformation®”%6, such
as Chronic Hyperplastic Candidiasis (CHC), which is reported in the literature with a rate of transfor-
mation of about 12% %4 Sometimes it could happen that C. albicans could colonize OL, increasing its
rate of malignant transformation 112, It is clear that it is mandatory to reduce or neutralize the fungal
load in order to prevent the cancerization of the lesion itself. Different approaches can be used in the
management of OL, the traditional ones —from a pharmacological approach up to surgery —or non-inva-
sive ones such as LASERs and Photodynamic Therapy (PDT)!*!"8, Photodynamic Therapy consists of the
activation of a photosensitizer with a light at a specific wavelength, which can damage only the rotten
cells thanks to the production of ROS 28, For the first time in dermatology, in the past two decades,
dentistry has entered as an innovative and non-invasive therapy used most of all in the cure of malig-
nant lesions, with a rate of success undeniable. Its field of application is nowadays even against bacteri-
al, viral, and fungal infections. The purpose of our paper is, hence, to report a case of an Oral Potential
Malignant Lesion (OPML) colonized by C. albicans treated with PDT and to assess its effectiveness, as
sustained by the literature.

MATERIALS AND METHODS

We performed a short review of the literature using PubMed as a research engine. The keywords we
used to perform our research were the following: “Leukoplakia” “Oral candidiasis” and “Oral candidiasis
and leukoplakia”. We set some inclusion and exclusion criteria (Figure 1) in order to fulfill our review.
The inclusion criteria we set were the following: we included only articles written from 2014 until 2023,
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in English, and with full text. We considered case reports, clinical trials, meta-analyses, reviews, and
systematic reviews of the literature. We excluded from our research every kind of article that presented
patients with candidiasis in other districts of the human body except the oral cavity, with comorbidities;
even associations between candidiasis or leukoplakia and other microorganisms such as viruses, bacte-
ria, or immune disorders were not taken into consideration. No distinction in age, sex, or ethnicity was
considered.

CASE PRESENTATION

We present a case of a 37-year-old man who came to our attention with a suspected leukoplakia on
the right side of the tongue of about 2 x 3 cm in dimension (Figure 2). After signing the informed con-

Figure 2. Diagnosed Leu-
koplakia of the ventral
right side of the tongue
of our patient.

sent, the patient has been submitted to an incisional biopsy on the ventral right side of the tongue. The
histological report confirms the suspected leucoplakia and describes the lesion as a flap of squamous
epithelium with hyper-parakeratotic aspects, free from dysplasia but rich in microbial and fungal flora,
with the indication for the clinician to evaluate the load with a cultural investigation. Hence, according
to the patient, we decided to perform a brush on the remaining lesion in order to detect what kind of
microorganism could have colonized it. The brush revealed a high presence of C. albicans tires. Due to
what is reported in the literature about the association between Oral Candidiasis (OC) and Leukoplakia
(OL) and its opportunity to become a potential malignant lesion, we decided to try to eradicate the
microorganism using Photodynamic Therapy (PDT). The protocol used was the following: we used a
mixture of curcumin and H,0, at 3% as a photosensitizer; we applied it to the entire surface of the lesion
(Figure 3), and then we activated it with a blue diode light at a wavelength of 460 nm and 7 watts of
power (FlashMax P7, CMS Dental, Copenhagen, Denmark) for about 5 minutes, handling the light about
one centimeter far from the lesion (Figure 4). After that, the photosensitizer was washed away with a
huge quantity of water. We immediately perform a brush (scaped for 30 seconds on the tongue mucosa)
in order to evaluate C. albicans colonies. We repeated another brush five minutes later in order to com-
pare the two analyses and assess their effectiveness over time. We sent the samples to the Molecular
Biology Laboratory (University of Cagliari, Cagliari, Italy), for a cultural microbiological analysis, where
both of the two brushes were used to inoculate two different Petri dishes with Sabouraud agar that
were successively put in incubation for 48 hours at 37°C. After 48 hours of incubation, both samples re-
vealed no presence of a fungal colonies load after the treatment, assessing the effectiveness of PDT with
curcumin and hydrogen peroxide (Figure 5). We communicated the results to our patient, explaining to
him that we drastically reduced the possibility of malignant transformation of his lesion, but we decided,
in accordance with the patient, to keep monitoring him with six-month controls in order to immediately
recognize a possible change in the sense of malignant transformation in his lesion.
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Figure 3. Application of the
photosensitizer on the le-
sion: a mixture of curcumin
and H,0, at 3% was used.
H,O0, was sperimentally
added to curcumin in order
to boost up the efficacy of
curcumin and the produc-
tion of ROS.

Figure 4. Activation of the
photosensitizer with a blue
diode laser (wavelength of
460 nm; power 7 W). The
protocol used was one
activation of about 5 min-
utes, handling the light
beam one centimeter far
from the lesion.
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RESULTS

The flow chart in Figure 1 illustrates schematically the procedure for choosing the articles for our re-
view. We now report the first results for every keyword we put on the research engine once we set
the inclusion and exclusion criteria: “Leukoplakia” brought up 7594 results; “oral candidiasis” brought
up 9663 results; “oral candidiasis and leukoplakia” brought up 682 results, for a total of 17939 articles.
After setting the inclusion and exclusion criteria, we obtained the following results: 257 articles for “Leu-
koplakia”, 420 articles for “Oral candidiasis” and 26 articles for “Oral candidiasis and Leukoplakia,” for
a total of 703 articles. After reading the abstract, we considered 16 articles for the “Leukoplakia” key-
word, 12 articles for “Oral candidiasis” and only 2 for “Oral candidiasis and leukoplakia”. The final choice
of the articles used for this paper was then obtained by reading the full text of the chosen articles, which
brought up a total of 25 articles for our purpose.

DISCUSSION

We decided to organize our paper focusing on the three main topics of our case report, i.e., Photody-
namic Therapy (PDT), the role of Candida albicans in the oral microbiota, the description of Oral Leuko-
plakia and the presumed connection between these two latter topics. We analyzed them with a short
review of the literature in order to present our conclusions with strong evidence.

Focus on topic (1): Photodynamic Therapy

Photodynamic Therapy (PDT) can be considered a new approach in the treatment of oral diseases.
Its use is mainly in dermatology, where precancerous lesions and cancer skin are treated. Even in
the gynecology and urology branches, PDT has taken place *'¥7, and from a decade on, its use is de-
veloping in dentistry, too. The existence of chemical substances that can be activated by a specific
light in order to produce ROS (reactive oxygen species) in an aerobic environment is known from
the past century, when in 1904 Professor Hermann von Tappeiner, head of the Pharmacological
Institute of the Ludwig-Maximilians University in Munich, for the first time talked of a “photody-
namic action” in order to describe the interaction between a chemical substance and a light in the
presence of oxygen'” !, Since then, more studies have developed, and the photodynamic action
first described became what we now know as PDT. Moreover, more molecules have been found to
be well activated by specific lights.

PDT consists of three main agents: a photosensitizer, a specific light, and the presence of oxygen.!1718,
Photosensitizer is a molecule derived chiefly from natural substances, which is divided into groups by
their chemical structure and origin; some examples include porphyrin, methylene blue, toluidine blue,
curcumin, and 5-ALA (5-aminolevulenic acid)!. Every type of photosensitizer is activated by a specific
light at its specific wavelength. The most used lights are diode, argon, and Nd/YAG lasers'*'’, because
of the monochromatic nature of the light, which gives a more stable beam (11). Diode LASERs for PDT
work on a range of 600—850 nm; Argon LASERs between 448-515 nm'*”. 600—800 nm is considered
the “therapeutic window”!! in which PDT gives its best results. In this field of short wavelengths, tissue
penetration is optimal in terms of depth penetration and efficacy of ROS, reaching the epithelial dam-
aged cells in a safer way and carrying lesser adverse effects'’. In a way that is still not very well known,
the molecule can bind selectively only to damaged cells, and its activation can induce the apoptosis of
that targeted cell thanks to the production of ROS in the presence of oxygen'”% Figure 5 shows how
PDT works. 5-ALA (5- Aminolevulenic acid) is the most commonly used photosensitizer in the treatment
of OPMDs!18, In the treatment of OL, its use represents the 4th non-surgical approach in its manage-
ment, after chemotherapy, surgery, and CO, laser ablation . It is the most studied photosensitizer for
this kind of lesion, and its effectiveness is established even in the treatment of recurrences®®. 5-ALA is a
second-generation photosensitizer and a precursor of porphyrin (11,17). It carries a minimally invasive
nature, low adverse effects, and tested efficacy on OPMDs and cancer!'”1; it is also water-soluble,
which is optimal considering the presence of saliva in the oral mouth, and it can even be administered
intravenously.

Not only 5-ALA is used in the treatment of OL. Prazmo et al” in their review investigated the effec-
tiveness of methylene blue as a photosensitizer, in particular against the most common dental and oral
pathologies. They obtained good results in periodontal disease and in the disinfection of endodontic
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canals. Moreover, they assessed fungicidal efficacy against C. albicans, which is the most common fun-
gus causing opportunistic infections in the oral cavity!*'>!923, |n order to minimize the toxicity of the
photosensitizer, molecules that derive from natural products are used in PDT. Nowadays, there is a huge
interest in literature towards curcumin and its beneficial properties. Curcumin is a yellow derivative
plant that belongs to the ginger family; in particular, it is taken from Curcuma longa (turmeric)®2. It is
well established that it is a powerful antioxidant and anti-inflammatory agent, with antiangiogenetic,
antiseptic, analgesic, and even anticarcinogenic action®%. |t is well assessed for its action against virus-
es, bacteria, and fungi, too 2*%. Its oral administration in OPMDs such as OL gave optimal both clinical
and histopathological responses when compared to chemoprevention %, It is able to prevent DNA dam-
age and increase antioxidant and Vitamin C levels in OL %. The real problem with curcumin is its poor
solubility in water %, which represents a big issue for its topical use in the oral cavity. This problem can
be overcome using nanocurcumin, which is soluble in water and shares the same characteristics as cur-
cumin. Anwar et al** in their study on mice infected with C. albicans, reported approximately the same
therapeutical effects of nano-curcumin against oral candidiasis in terms of remission of the disease and
duration of the treatment compared with nystatin, which represents the gold standard therapy used for
the cure of oral candidiasis. Moreover, they report that curcumin can be used in cases of recurrences
and against drug-resistant species®, |t is stated in the literature that using PDT instead of the conven-
tional pharmacological approach in the treatment of OPMDs and OL can reduce the treatment session*®,
Moreover, it represents a non-pharmacological therapy useful in cases of refractory OC or MDR species,
which is an extremely important issue of our time.

Focus on topic (2): Candida spp.

Specifically talking about Candida spp., Oral Candidiasis (OC) is one of the most common oral infec-
tions, which can be found at every age in the worldwide population. It is principally due to C. albi-
cans'¥1>19-3 which is the most common fungus being part of the oral microbiota. It is stated in fact
that up to 30-50% of healthy people—some authors reporting up to 80% (14) - carry this microor-
ganism as a harmless inhabitant of the oral environment'>2>2, meaning that hosting C. albicans in our
own mouth does not signify being affected by OC. C. albicans is, in fact, an opportunistic pathogen
whose disease onset depends on several factors, but principally on an imbalance between the host
immune system and the virulence factors of the fungus®!41619-23_ poor oral hygiene, smoking, reduced
salivary flow, broad-spectrum antibiotic therapies, nutritional deficiencies (such as iron, zinc, vitamin
A, B6, B12, and folic acid), and immune disorders such as diabetes or endocrinopathies can lead to
the onset of OC'*1%19-21.23 |mmunodepression plays a fundamental role in the assessment of Candida’s
spectrum of illnesses; in HIV-positive patients, OC can be the first sign of the development of AIDS.
Patients diagnosed with tumors, due both to the type of cancer and the adverse side effects of che-
motherapy or radiotherapy, can develop OC, too!**>19-23, Dental prosthetics or orthodontic patients
can develop OC in the absence of accurate oral hygiene practices®. Even if it is estimated that about
95% of OC has to be attributed to C. albicans *%, it is important to remember that other species of
Candida are found in the oral microbiota, and that can establish the same disorders as C. albicans
does. Nowadays, molecular analysis of the oral microbiota reports that C. glabrata, C. kruseii, C. trop-
icalis, and C. dubliniensis can be very common findings in adults®'*1>2223, The real issue with these
other species is that more of C. albicans are able to induce drug resistance to the common antifungal
therapies, such as nystatin or azoles'*?23, From here, it is necessary to find other therapeutic tools
to annihilate the fungal load in the event of the onset of the disease. Clinically, OC is divided into pri-
mary and secondary manifestations and Candida-associated lesions #1>2022 Table 1 schematizes the
subdivisions and their main characteristics.

We already said that Candida spp. are normally found in healthy people, and it is important to note
that carrying these fungi cannot signify having a disease. We already explained that the onset of the
various diseases attributable to Candida is due to an imbalance between the host immune system and
the virulence factors expressed by the fungus. Virulence factors are not expressed when they are harm-
less parts of the oral microbiota; they are considered the key to its pathological transformation. C.
albicans lives in the oral environment as a yeast, and its transformation to hyphae status is believed to
be the key to pathological transformation!**>2°, Hyphae, being filamentous, facilitate the colonization of
the epithelial cells. Colonization is the first step towards pathological transformation together with the
expression of its virulence factors, and it is mediated by cell wall receptors, which are able to express
several adhesive proteins'**>2° such as ALS-3 (Agglutinin-line Sequence) and Hwp1#15,
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Table 1. Primary and secondary manifestation and Candida-associated lesions and their main features.

Timing and Clinics Definition Appearance Affected Age Signs
Symptoms sites
Pseudomembranous most common type, white plaque easily detached tongue, buccal mucosa, newborns, aged adults, bad taste, dysgeusia,
it presents as a white by gentle scraping, palate, it can be localized  immunocompromised  sometimes can be
plaque on the oral signifying the presence of  or generalized patients asymptomatic
mucosa the hyphae of the fungus

(transition to virulence).
Only the upper layer of the
epithelium is interested

First manifestation erythematous/ adverse effect of red lucent/atrophic dorsum of the tongue generally adults burning, dysgeusia
atrophic systemic therapy: areas caused by (most of all)
broad-spectrum depopulation of
antibiotics, the tongue
corticosteroids,
immunosuppressive
drugs

pseudomembranous same as the first
manifestation but
with recurrence

erythematous/ also known as denture red atrophic area underneath most of all hard palate aged population burning, swelling,
atrophic candidiasis: typical of  the prosthetic appliance. impossibility to wear the
patients with full Lesion is in most cases appliance, sometimes
upper prosthetic limited to where the asymptomatic
appliance prosthetic lies
Second manifestation  hyperplastic also known as candida  white hard plaque that lateral sides of the tongue, adults, men smokers asymptomatic
leukoplakia cannot be removed by buccal mucosa have increased risk;
scraping of unknown cause. (especially where increased risk in
It carries an increased commisure forms) non-smoker women
risk of MT (idiopathic)
Candida - associated  angular cheilitis Candida infection erythematous areas, commissures of the lips  newborn, elder people asymptomatic
lesions of the commissures Candida can be found (loss of vertical height),
of the lips or not, sometimes immucompromised
co-infection with patients, non-collabo-
S. aureus rative patients
median rhomboid white lesion on the back white rhomboidal area due  back dorsum of the adults asymptomatic, bad taste
glossitis side of the tongue to anatomical predisposition  tongue, palate

and Candida infection
which presents a mold
correspondence on palate

chronic mucocuta- several systemic candidemia and various systems elder adults various (depending
neous candidiasis disorders caused by involvement on the affected site)
Candida infection of different organs

which the organism
is not able to defeat
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After colonization and adhesion occur, the growth of the fungus and the construction of a biofilm?41®
protect it from immune system responses and make it spread through epithelial cells. The damage to the
cells is attributable to the expression of hyphae-specific toxin, first of all candidalysin!**5, which creates
pores on the surface of the targeted cell. The creation of a biofilm is important not only because C. albi-
cans is protected from the host immune system?®*, but even because it facilitates the co-existence of other
pathological bacteria. There is a strong association in the literature between the interaction of Candida
spp. with anaerobic bacteria, in particular P. gingivalis and F. nucleatum, which are two of the imputative
bacteria responsible for periodontitis and whose CFU levels are higher even in OPMDs and OSCC?.

The very intent of this paper is to note the existing connection between C. albicans and OL. After the
short consideration we had before in order to frame the protagonists of our work, our focus is now on
OL and the interaction with C. albicans in that entity called Chronic Hyperplastic Candidiasis.

Focus on topic (3): Oral Leukoplakia and Candida spp. co-infection: Chronic Hyperplastic Candidiasis

In their last consensus on oral potential malignant disorders published in 2020, Warnakulasuriya et al*
define OL as a predominantly white plaque of questionable risk, having excluded other known diseases
or disorders that carry no increased risk for cancer®. OL has a worldwide estimated prevalence ranging
from 1 to 4%3>78. The biggest concern of OL is its rate of MT, estimated between 0.13 and 34%?, lower
for some authors (around 2-3.5%)"°, higher for others (13%)* but generally accepted around 9.5%, per-
centage that rises if risk factors are present. Even if, from the definition given, it is clear it can be consid-
ered an idiopathic lesion (i), a strong association with tobacco is found. Smoke of cigarettes represents
one of the most common risk factors for MT of OPMDs as a rule, and even if there is still no certain
evidence, their association is strongly detectable. This could be the reason why in the Asian population
the incidence of OL is higher than in others, attesting to around 7.7% 3, because of cultural habits of
smoking and chewing tobacco. Other known and associated risk factors are alcohol consumption, male
gender, and elder age*”8. Conversely, when the lesion is considered idiopathic and not associable with
the over-mentioned risk factors, women and non-smokers have a major possibility of developing a more
aggressive lesion*712, The most affected sites of the oral cavity are the lateral sides of the tongue, the
buccal mucosa, and the floor of the mouth'*78121315 |ts presentation can vary and it can be homoge-
neous, everywhere white-colored and with well-defined borders, or non-homogeneous, where borders
are vanished and co-presence of white lesion and red areas can be found, giving rise to an erythron
leukoplakia®*”#12, A grade of dysplasia can be found when a biopsy of the lesion is performed. Histo-
pathological analysis is the only method to asset an OL, once excluded all other oral pathologies which
can be put on a differential diagnosis —remember that OL is a clinical diagnosis of exclusion®3>*!, OL with
dysplasia, which can be mild, moderate, or severe, is another risk factor that increases the possibility of
MTL38101213 QL with a severe or high grade of dysplasia shares some histological features with OSCC,
such as altered telomerase activity, positivity to p53, an increase in CD8+ cells, and a general increase
in proinflammatory cytokines3”%101¢ 5o it is easy to understand how important it is to maintain this
lesion under surveillance.

Summarizing:
¢ Tobacco habits and alcohol consumption
e Male gender
e Elder age (>60)
¢ Site of the lesion: tongue and floor of mouth
¢ Not-defined borders
¢ Presence of ulcerations or red areas in the lesion

Dysplasia

In this context, idiopathic lesions are more common in older females and non-smokers and have the
highest rate of MT. The dimension of the lesion and its persistence in the oral cavity are two other im-
portant factors, adding to the over-cited ones. The rate of MT in OL increases when a co-infection with
C. albicans is found 1>%*, adding 12% of potentiality to the initial one of the OL. Co-infection perpetrated
by C. albicans gives rise to an entity called Chronic Hyperplastic Candidiasis (CHC). This illness represents
the rarest form of infection of C. albicans'*!® and is already known as “candida leukoplakia”%1%1516,
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About this latter classification, there is no complete acceptance in literature. Warnakulasuriya et al* in
their Consensus assert that candida leukoplakia and CHC share some aspects but are not the same enti-
ty; the same is reported by van der Waal et al®. In our opinion, this definition of conflict has no concern
because the main intent should be to assume an increased possibility of MT if a co-infection with the
fungus is established. Strengthening this fact, Shah et al'® report that about 7-50% of OL are associated
with C. albicans. The sites that are more interested in developing CHC are the same as those in OL: first,
the lateral sides of the tongue, followed by the buccal mucosa and floor of the mouth, even if, as with
OL, every part of the oral cavity can be affected. CHC develops primarily in young or middle-aged adult
men ¢, and a co-infection with a Candida spp. is found. When OL presents a moderate to severe grade
of dysplasia and is accompanied by a fungal infection, the rate of MT rises up to 28% . Moreover, Shah
et al*®*report that up to 15% of CHC carries a grade of dysplasia, highlighting the importance of detect-
ing this microorganism on the lesion. C. albicans contributes to induced MT by producing carcinogenic
substances such as N-nitrosobenzylmethylamine, acethaldehyde, and several other proteinases that are
able to degrade the basal membrane of the cell, promote deep infiltration in the epithelial cells, and
cause histological changes that bring about aberrant features typical of cancer>!®!¢, Hence, it is under-
standable how important it is to defeat the fungal load in order to lower the chances of MT. OL, in fact,
has an unpredictable behavior: not all lesions presenting dysplasia progress to cancer, but, at the same
time, not carrying features of dysplasia does not represent a minor risk of developing a tumor nearby
the lesion or somewhere else in the oral cavity *®.

Treatment of OL is based primarily on attesting to the real nature of the lesion. Being OL, a diagnosis of
exclusion requires a period of 4—8 weeks where every other possible factor generating a white lesion, such as
dental appliances that can cause frictional keratosic irritation, is removed®'?; if the lesion presents red areas
or ulceration or is symptomatic, an immediate biopsy is mandatory®!2. Pharmacological treatment foresees
the use of topical bleomicin, Vitamin A and systemic rhetinoids*'#?; surgical excision is the gold standard
of therapy when the dimension and the anatomical site where the lesion is found allow!'*8, Surgery can be
performed traditionally, or it could be cryosurgery or LASER ablation®. However, it does not lower the risk of
recurrence or the risk of developing OSCC ”?¢; from these circumstances, the need to find new non-surgical
approaches to cure OL, such as PDT, is undeniable. As already discussed in the first paragraph, PDT against
OPMDs and OL gives brilliant results in terms of efficacy and can reduce treatment sessions'®. PDT with 5-ALA
as a photosensitizer is the best acknowledged approach against OL'**8, Side adverse effects and traumas to
noble structures that could be nearby the lesion are minimally noticed with PDT as opposed to surgical treat-
ment. Pain, swelling, hyperhaemia, and bleeding are little attested™. Treatment of OC is, instead, the primary
topic and requests three classes of antifungal drugs: polyenes, such as nystatin and amphoterycin B, azoles
(miconazole, clotrimazole, and fluconazole) and echinocandins (only in systemic and resistant cases)!3151924,
Table 2 summarizes their main characteristics. The main issue, as already said before, is that more and more
Candida spp. are developing resistance to these traditional antifungal drugs**%24, From here, the impor-
tance of taking into consideration new non-pharmacological approaches, such as, again, PDT. We already
discussed in paragraph one its effectiveness in treating oral diseases, and there is more and more evidence
that it can be safely used not only against tumor cells but even against bacteria, viruses, and fungi. Note-
worthy and extremely recent is the use of curcumin as a photosensitizer?®, taking advantage of its natural
properties as an anti-inflammatory, antioxidant, anti-angiogenetic, anti-septic, anticarcinogenic, and anal-
gesic agent®%, Cessation of risk factors such as smoking and alcohol consumption is the best way to reduce
the MT rate of an OL3*”%, adding to the annihilation of the fungal load. In the scientific literature, no case is
currently reported of eradication of fungal load within lingual leukoplakia, diagnosed with histological exam-
ination on biopsy through PDT. Chronic hyperplastic candidiasis is a rare type of candidiasis that causes the
formation of a non-removable white plaque, mono or bilateral, much more frequent in the buccal mucosa
than in other locations. Our case could be associated with a picture of somewhat atypical chronic hyperplas-
tic candidiasis, although we cannot establish whether it was the fungal infection that caused the onset of the
plague or whether the fungal infection occurred after the formation of leukoplakia. Very few recent works
report the use of PDT through 5-ALA as a photosensitizer in cases of chronic hyperplastic candidiasis, alone
27 or in association with topical anti-fungals® ¢, In one case, the combined use of PDT and laser excision is
reported on an 85-year-old patient refractory to pharmacology *. The use of a curcumin-based photosensi-
tizer has not been documented in the in vivo treatment of this form of candidiasis, although it has proven to
be effective on MDR Candida spp.?®. In no work has the fungal load within leukoplastic lesions been evaluated
before and after photodynamic therapy. Even in works on the use of PDT in chronic hyperplastic candidiasis,
the healing observed is essentially clinical. Evaluation through intraoral brush sampling and cooperation with
a Molecular Biology Department could be protocols to be repeated in the case of leukoplakia and more gen-
erally in potentially malignant disorders. The association between Candida and Leukoplakia, in fact, highlights
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Table 2. Main characteristics of the 3 class of drugs most commonly used in the treatment of OC.

Class of drug Main characteristics Clinical notes

Poliens Fungicidal action Broad spectrum of action
(Nistatyn Bind to ergosterol of Candida’s cell Clinical efficacy against biofilm
Amphotericin B) wall, causing loss of K + Nephrotoxicity!

To be not used in non
compensated diabetes patients

Azoles Fungistatic action Less side adverse effect
Imidazoles Inhibit enzymes which bring to the Limited absorption when topically
(Myconazol, production of ergosterol of the wall used
Cotrimazol) cell, causing augmented Synergic effect with anticoagulant
Triazoles permeability to the membrane cell drugs
(Fluconazol) High efficacy

Low cost

No great interaction with other drugs

(topic use)

Fluconazol is mainly used in severe
systemic mycoses

Echinocandines Fungicidal action against Candida spp.;  Mainly used for relapses, systemic
fungistatic action against other species; involvement and resistant species
no action against fungi with no cell wall

Inhibit enzymes which bring to the
production of ergosterol of the wall cell

a greater predisposition of the patient to cancer. The control of the fungal infection within the leucoplakias
and the management with PDT could be part of a prevention protocol that drastically reduces the percent-
age of cancer risk. Against oral infections the PDT could be considered an integrative approach in association
with the conventional therapy. This work highlights a new clinical approach that could reduce fungi infection
symptoms, especially when this method is combined with conventional therapy. Indeed, a vision inside inte-
grative medicine is now widely considered in different areas of infective and degenerative diseases®®.

CONCLUSIONS

The protocol we decided to use on our patient gave the best result. As already mentioned, we ob-
tained the total elimination of the fungal load from his OL, incredibly lowering the chances of MT.
Our patient is, of course, under periodic surveillance, with visits every six months. He was warned,
according to literature, that if he notes variations on the surface of the tongue, he has to come
immediately in order to assess every possible mutation of the condition. Even if a clear protocol in
the treatment of CHC and in the management of OL is not yet assessed in the literature, this short
review we performed strengthened our non-pharmacological therapeutic approach. The use of
PDT in dentistry, and in particular in OL, is nowadays well documented, even if there is a growing
need to find scientific evidence of its efficacy with other photosensitizers, too. We specifically de-
cided to use a mixture of curcumin because of its magnificent therapeutic properties against tumor
cells, well supported by the literature. The boost of H,0, we empirically added to the formula was
made in order to maximize the production of ROS. Our results, although preliminary, confirmed the
efficacy of our protocol. There is still, anyway, the need for more studies in order to scientifically
establish new knowledge and a rigid protocol.
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