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Introduction

Abstract

Introduction: Due to the increasing prevalence and high mortality rate of oral squamous
cell carcinoma (OSCC) and problems with its routine treatments, more recent modalities like
photodynamic therapy (PDT) have been developed. PDT effectively destroys tumor cells with
minimum side effects. Research on in vitro effects of PDT may be helpful in determining the
molecular mechanisms responsible for its effectiveness and can lead to the development of more
efficient techniques. The aim of this study was to review the use of PDT in OSCC among in vitro
studies.

Methods: A literature search for English articles on PDT in OSCC was performed in PubMed, Scopus,
Google Scholar, and Web of Science. Data were extracted based on the inclusion/exclusion criteria,
which were detailed using the PICO framework: all eligible in vitro studies evaluating the effects of
PDT on the viability of OSCC compared to controls without PDT were included.

Results: Forty-one out of 567 studies were selected. The tongue was the most common OSCC site,
5-aminolevulinic acid was the most used photosensitizer (PS), cell viability/toxicity and apoptosis
were the most evaluated outcomes, and lasers with wavelengths of 600-700 nm were the most
common light sources and wavelengths respectively.

Conclusion: PDT showed promising effects on reducing the viability of OSCC cells. Cell lines from
various sources or even those originating from the same location sometimes responded differently to
the same protocol. Considering the favorable results obtained from natural PSs and regarding their
additional health-promoting properties, their use in future investigations with different cell lines and
light specifications is recommended.
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impairment, breathing, eating, and aesthetic issues may

Globally, about 650000 new cases of head and neck
cancer are diagnosed each year, and the annual number
of deaths from this disease is about 350000." Oral and
pharyngeal cancers are the sixth most common cancers
worldwide’ and more than 90% are squamous cell
carcinomas (SCCs).> The 5-year survival rate of oral
cancer is 40%, which is even lower in underdeveloped
countries, and if diagnosed at an early stage, it may
increase to 80%." However, prognosis worsens as the
disease progresses and is poor when there is limited access
to the tumor site. Therefore, early detection can lead to
better survival rates and fewer complications.’ Treatment
depends on the stage at diagnosis, the location of the
lesion, and the extent of access to the area.” Due to their
proximity to vital structures, oral cancers are difficult
to treat, and functional consequences such as speech

occur as a result of the tumor itself or the administered
treatments. Oral cancer management mainly include
surgery, radiotherapy, and chemotherapy. Additionally,
depending on the patient’s specific requirements, further
treatments involving dental, nutritional and speech
issues, audiometry, occupational and physical therapies,
and psychosocial therapies may also be required.’
Photodynamic therapy (PDT) is a promising
therapeutic modality for cancer treatment.” It involves the
use of a photosensitizer (PS), which, after excitation with
a specific wavelength of light, produces cytotoxic oxygen
free radicals that are capable of destroying cells via the
induction of apoptosis or necrosis. PS uptake is lower in
normal tissues compared to tumors since it is more readily
absorbed by cells with a high proliferation rate like cancer
cells; also, PS must adhere to the wall of blood vessels,
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and the nature of the different sizes and characteristics
of blood vessels in tumor and normal tissues, as well as
the physiological types of vessels in different organs,
determine where PS will most likely localize.® Therefore,
when the PS is activated during PDT, it has the ability
to destroy the neoplasm without destroying the
surrounding normal tissues. In general, PDT compared
to other conventional treatments is a local, minimally
invasive, and well-tolerated therapeutic approach. While
selectively destroying malignant cells and tissues, it is
not affected by drug resistance and does not have the
systemic side effects of other routine treatment methods
like chemotherapy.”® Cancer tissue destruction by PDT
can be a result of direct cytotoxicity, vascular injury or a
local inflammatory response that subsequently leads to a
systemic anti-tumor immunological effect.!*"?

The concept of PDT was initially introduced by Oscar
Raab in 1898, who found that paramecia incubated with a
fluorescent dye were killed after being exposed to light.*
In 1960, Lipson and Schwartz used this concept and
uncovered the diagnostic features and therapeutic effects
of a hematoporphyrin derivative (HpD) on cancer. This
substance was used by Kelly and Snell in 1976 to study
the effect of PDT on human bladder cancer for the
first time. Photofrin, a purified form of HpD received
its first approval to be applied in the PDT treatment
of bladder cancer by a Canadian health agency in 1993
and was the first PS approved by the US Food and Drug
Administration (FDA) for cancer treatment in 1995.!>1
It has gained approval by the FDA to treat esophageal
cancer (1995) and non-small cell lung cancer (1998)."

PDT can be used alone or in combination with
chemotherapy or other modalities like surgery, especially
inlargerlesions.' Generally, ithas shown successful results
in early head and neck cancers and dysplasia.’** PDT
has been more successful in the treatment of superficial
lesions because PS activation occurs by irradiation at a
depth of 2 to 10 mm. This is due to a combination of the
tissue characteristic and the physical properties of the
applied light wavelength. Neoplasms situated at a>10
mm depth can benefit from interstitial PDT, in which
laser fibers are placed deep in the tissue so that they can
be used as light sources.’> One of the advantages of this
method is that collagen and sub-epithelial elastin remain
intact, which accelerates tissue repair and maintains
esthetics with minimal scar formation.*

Multiple studies on PDT using various light-sensitive
materials and light sources on different oral cancer cells have
been performed. A number of reviews, which have mainly
evaluated clinical results, have been conducted on PDT. We
found only one review in 2019 on laboratory investigations,
which mainly focused on PSs and in vitro models.*? In
addition to being a major prerequisite of clinical studies,
in vitro research provides valuable data on the cellular and
molecular mechanisms involved in the efficacy of PDT and

enables the development of novel methods to improve the
effectiveness of this treatment modality. Therefore, updated
information on in vitro findings is essential to increase
available knowledge about how oral cancer cells react to the
most recent and ever-increasing materials and irradiation
specifications used in PDT.

In the current investigation, we reviewed the latest
evidence on the effect of PDT on oral cancer cells and
tried to analyze different aspects of these studies and
provide a comparison of findings regarding various cell
lines, PSs, and radiation details and how they may impact
treatment outcomes.

Methods

The focus question for the current review was defined
as: “does PDT affect the viability of OSCC in in vitro
experiments?”

The PICO(S) framework was employed to define the
concepts of the study. All eligible in vitro studies (Study
type, S) evaluating the effects of PDT (Intervention,
I) on the viability (Outcome, O) of oral squamous
cell carcinoma (Population, P) compared to no PDT
(Comparator, C) were considered for inclusion.

Search Strategy and Study Selection

PubMed/Medline (National Library of Medicine,
Bethesda, Maryland), Scopus, Web of Science and Google
Scholar (first 50 hits, as a grey literature source) were
comprehensively searched up to July 2022 (no starting date
limitation), using both MeSH terms and relevant free text
words as follows: (Cancer OR neoplasm OR tumor OR
carcinoma OR malignant) AND (oral OR oropharyngeal
OR “head and neck”) AND (PDT OR “photodynamic
therapy”). In this study, we only focused on SCCs of the
oral cavity and not of the head and neck. This was done
to limit any possible site-specific-associated effects and
to better interpret the results, especially considering that
the head and neck include a wide range of subsites like
the sinonasal tract, larynx, and tonsil. However, in order
to avoid overlooking oral squamous cell carcinomas
(OSCCs) reported in large studies in which OSCC cells
are only one of the evaluated cell lines, we also included
“head and neck” in our keywords and extracted all
articles that had evaluated an OSCC cell line as part of
a large group of SCCs in other head and neck locations
and analyzed their findings. All records were imported
into EndNote software (version 20), and duplicate
records were removed, after which the retrieved records
were screened separately by four authors (SSh, SS, NH,
PR) to select potentially eligible studies. The same four
authors independently evaluated the retrieved full texts
according to the study concepts and hand-searched the
reference lists of the extracted papers to identify any
missed studies. Disagreement about eligibility and any
controversies among the reviewers were resolved through
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a discussion with the fifth and sixth reviewers (SE, MA)
until a consensus was reached.

The following inclusion and exclusion criteria were
considered:

Reviews, clinical trials, case reports, conference
papers, non-English language publications, potentially
malignant disorders, articles reporting findings on non-
human OSCC and KB cells (due to contamination),
cell types other than OSCC, and those applying PDT in
combination with any other treatment modalities and
medications were excluded. Studies using PDT with at
least one PS and those with a minimum of one oral cancer
cell line were included in this review.

Data Extraction

The following data were extracted and tabulated: cell line,
PS and its concentration type of light source, wavelength,
energy density (J/cm?), type of evaluation, and main
outcomes (Table S1, Supplementary file 1).%22¢

Results

Study Selection

Studies extracted according to the inclusion/exclusion
criteria amounted to a total of 567 articles after the
of duplicates. Following Title/Abstract
evaluation, 82 papers remained for further assessment.

removal

Records identified from:
Databases (n=1170)

Identification

A

Records screened
(n=567)

Screening

Reports assessed for eligibility
(n=82)

Studies included in review
(n=41)

> Records excluded by examining

Of these, 40 studies required adjudication of the 5"/6%
reviewers, and 41 studies were ultimately selected by
complete consensus. Figure 1 demonstrates the search
and selection process in a flow diagram.

Photosensitizer

Ingeneral, the PSsused in the studiesare shownin Table S1.
The most common PS was 5-ALA (5-aminolevulinic
acid) which is a second-generation photosensitizing ag
ent.9,33,35,37,40,46,48,52,55,66,67 Other porphyrin platform PSS
such as PAD-S31, HpD, Photofrin II, Photosan III,
hydroxy purpurin, mTHPP, and Protoporphyrin IX
(PpIX) were studied in some articles.*****? Chlorophyll
platform PSs, including chlorin e6, NPe6, chlorin p6,
mTHPC, pheophorbide a, and 9-hydroxy pheophorbide
a were applied in other studies?713#341434%5 Qne
study used 15(1)-hydroxypurpurin-7-lactone ethyl
methyl diester as a PS, which was isolated for the first
time from an Araceae plant and referenced to Pha.®
Natural PSs, like Spirulina platensis® and curcumin,
were among the used PSs. Phenothiazine dyes such as
methylene blue were used in one study.” Moreover,
phthalocyanine dyes, including liposome-incorporated
2-(morpholin-4-yl) ethoxy phthalocyanines, Pc4, Pc4
loaded nanoparticles, IRDye700DX, and AlPc-NE,
were also applied in the reviewed studies. 20606365

Records removed before
screening:
Duplicate records removed
(n=603)

title/abstract (n=485)

Reports excluded:
No full text (n=13)
Other language 2 (n=1)
No oral cancer cell lines/in vivo (n=9)
Photochemical internalization (n=2)
No PDT (n=1)
Potentially malignant (n=1)
Combination therapy (n=7)
Other (n=7)

Figure 1. Flow diagram of the identification and selection process of the studies included in this review.
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Other PSs such as Graphene quantum dots (GQDs)
conjugated to polyethylene glycol (PEG),” new series of
1-benzothiazolylphenylbenzotriazoles,"” porphyrazines,*
palmatine hydrochloride (PaH),* HMnO2-IR780,*
sulfur-doped carbon dots,”” and erythrosine* were also
used. Overall assessment showed slightly better results
reported in the third generation and new PSs.

Some studies used only one
Concentration,33,38-40,43,45,47-49,51,55,56,58,59,66,67 Whlle Others
evaluated the effect of different concentrations on
their CeH lines.9,23,29—32,34,36,37,41,42,44,46,50,53,54,57,60—65,68 MOSt
studies showed that the results were dependent on
Concentrations.9,23,29731,34,36,4l,42,44,46,50,53,54,57,60—63,65,68 But 11’1
some studies, concentrations were not significant in the
results.*>*”%* The exact concentrations used for each of the
specific PSs are stated in Table SI.

Light Source

The most frequent light source was the laser, used in 19
Studies (Table Sl)'9,23,29,34,37,38,41,42,45,46,49,52,54,58-60,62,64,66 Others
included LEDs in 8,/3210305L5763656 3 UV Jamp**7*¢ in
three, and a Tungsten lamp?*** and a visible lamp,***® each
in two studies.

In general, the wavelengths ranged from ultraviolet
to near infrared based on the applied PS. The most
common range of wavelengths was 600-700 nm used in
26 Studies.9,23,29,31—35,38,40,4l,43,44,46,48,49,52,54,57,60,63—67,69 Slmllarly,
energy density had a wide range between 0.23 J/cm?* and
122.58 J/cm?. Details are demonstrated in Table S1.

Human Oral Squamous Cell Carcinoma Cell Lines

A total of 35 oral cancer cell lines treated with PDT were
used in the 41 extracted studies. One of the most common
was CAL-27, which is a tongue SCC cell line isolated
from a 56-year-old male patient. It was used alone or
in combination with other cells in 4 papers.’**>¢* In
general, the tongue was the most common source of cell
isolation in the PDT studies with patients (as a cell line
source) whose age ranged between 25 and 74, and their
M/F ratio was 9.

The tongue was followed by the gingiva, which was used
in six studies with two cell lines derived from patients
with an age range of 43 to 67 and a male-to-female ratio
of 1. The floor of the mouth was the origin of SCC cells
in three studies with four cell lines (age range: 40 to 72,
M/F:1/3). The buccal mucosa was the origin of SCC cells
in two studies with two cell lines (age range: 53 to 56,
M/E=1/1).

Three studies used KB cells, which were excluded
because of the contamination of this cell line.

69-71

Applied Tests and Outcome of PDT

Viability/cytotoxicity and apoptosis were the most
common outcomes examined in the included studies.
Viability/cytotoxicity was mainly determined by

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromlde (MTT) assay’9,23,29,32,38740,43,45747,50752,54,58,61,64,66
although other tests including trypan blue exclusion
assay,” CellTiter-Glo® luminescent cell viability assay,’!
WST-8 assay,™ acridine orange-propidium iodide assay,
cell counting Kit-8,”* acridine orange/ethidium bromide
assay,” live/dead cell assay,"® modified alamarBlue assay,*
and cytotoxicity lactate dehydrogenase release assay,?**
were also used.

A variety of methods were applied to assess apoptosis,
which consisted of Annexin V-FITC- propidium
iodide,*#38404346515261  Hoechst/propidium iodide,***
Western  blot?*37-40455L5%  wijth  numerous proteins
(phospho-ERK, ERK, phospho-p38, p38, phospho-JNK,
JNK, Bax, Bim, Bcl-2, cytochrome C, caspase 7, caspase 3,
caspase-8, caspase-9, caspase-12 and their cleaved forms,
poly-adenosine diphosphate ribose polymerase and
cleaved poly-adenosine diphosphate ribose polymerase,
LC3B, Fas-associated death domain, phospho-Fas-
associated death domain, RUNX3, cyclin E2, cdk2,
p21), DNA content with propidium iodide using FACS
sorter, TUNEL,** cell death morphology analysis
with scanning electron microscopy, and confocal laser
scanning microscopy.*

DNA fragmentation and immunohistochemistry for
cleaved caspase-3,* formation of apoptotic mono- and
oligo-nucleosomal DNA fragments with ELISA,**
caspase activity assay, immunofluorescence for Bax,
Bcl-2, caspase-3¥, NF-kB and p65,” polymerase chain
reaction for RUNX3, Wnt-1-inducible signaling pathway
protein 2, RUNX3 knockdown,”® and activity of
caspase-3 using ApoAlert Caspase Colorimetric Assay
kit were used in different studies.

Measurement of intracellular reactive oxygen
species (ROS) was also a common test among PDT
Studie529,30,37—40,45,46,51,52,61

Some papers investigated cell motility via scratch
wound healing assay*>**¢ and cell invasion assay,**
and metastatic ability using RT-PCR and Western Blot
for Syndecan, MMP, TIMP, Heparinase, EGFR, ERK,*
MMP2, and MMP9.>

Other experiments included clone counting or
clonogenic assay,” autophagy by detection of acidic
vesicular organellesand monodansylcadaverine staining,”
cell proliferation with BrdU* or immunocytochemistry
with Ki67 or cell counting via Neubauer chamber,*
calcium concentration (Ca?*) detection,” mitochondrial
membrane potential (A¥Ym),”*** net O2 and net
Ca+ +flux measurement,* and cell cycle assay.”*>¢!

The results indicated decreased viability/increased
cytotoxicity following PDT application in virtually all
the studies with most of them being dose- and time-de
pendent23,29-32,34,36-40,43-52,54,57-59,61,63-65; hOWeVer, Only one
study showed no changes in cell viability following
PDT® Increased apoptosis was reported in all the studies
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that measured thlS parameter.9,29—31,33,34,36740,43,45,46,51—54, 61
Interestingly, one study showed a higher apoptosis rate
in lower PS doses.* notably, there have been some studies
that further reduced the cell viability or increased the
apoptosis rate using some novel methods in addition
to PDT.7424661 Cell motility findings were mostly
positive, showing inhibition or reduction of migration
following PDT.?>*75152 In studies evaluating reactive
or singlet oxygen species generation, PDT groups were
mostly found to have higher amounts?3037-404244596165 A
number of studies have also focused on the cell cycle; A
GO/G1 cell cycle arrest was observed in one of them,*
while two others indicated a block in the G2/M phase.*>*!
Additionally, two studies determined self-renewal
and CD44 positivity and found that PDT effectively
eliminates these two factors.”*” Despite the results being
concordant, the studies showed great variation in terms
of PS type, methods used, and PDT features (Table S1).

Discussion

Pre-clinical and in vitro studies are very important
steps to observe the direct effect of experimentations on
target cells and investigate the efficiency of treatment
modalities. The current review explored the efficacy of
PDT in various oral cancer cell lines. Different cell lines
have different growth patterns”; therefore, it is important
to evaluate a variety of cells when determining the impact
of an intervention. The present review combines the data
of a significant number of cell lines from different oral
regions and provides a valuable summation that can be of
great help in the design of clinical investigations.

Among the PDT protocols examined in the present
review, 5-ALA, a naturally occurring PpIX precursor,
was the most commonly used PS. When converted to
PpIX in the mitochondria, it generates ROS. Activation
by violet (405 nm) or orange-red light (635 nm) leads to
the emission of red fluorescence (620-710 nm). These
features in addition to its preferential accumulation in
tumor tissues have been used to detect and/or obliterate
cancer.”” At present, neither the U.S. Food and Drug
Administration nor the European Medicines Agency
has approved the application of 5-ALA-PDT for cancer.
However, the favorable published findings of its use as an
anti-cancer approach may change these proceedings.”””

5-ALA-PDT was wused in a total of eleven
Studies’9,33,35,37,40,46,48,52,55,66,67 Of Wthh elght reported
a significant reduction in cell viability.>33404648525566
The induction of apoptosis, increased generation of
intracellular ROS, and regulation of expression of
different proteins involved in different signaling pathways
related to invasion capacities were among the interesting
outcomes of the included studies.

All the reviewed studies using natural substances as PSs
reported a significant reduction in cell viability. The most
recently introduced natural PS was Spirulina platensis

that was used with a 635-nm diode laser at different
energy densities from 2 to 24 J/cm?, leading to decreased
cell viability.** These PSs can be readily extracted from
materials available in nature like plants and organisms,
and their toxicity and side effects are minimal compared
to chemical substances.”®”” In addition to their availability,
another advantage of natural PSs is that most of them
possess additional valuable features like anti-oxidant
and anti-inflammatory properties.”® Considering the
promising effect of natural PSs on OSCC observed in the
current review, we recommend the use of these products
in future in vitro and clinical studies.

Due to a significant variety of the applied PSs and a
wide range of their concentrations, offering clinically
relevant comparisons about concentration would be
unfeasible. However, about 5-ALA in studies with
different concentrations, higher concentrations were
often associated with more apoptosis, but as the light
doses are also different in ALA-mediated PDT protocols
among the studies, making a definitive conclusion on the
effective concentration is not possible.

Variouslight sources such aslasers, lamps,and LEDs are
used in PDT treatment. The reviewed studies revealed that
lasers with wavelengths corresponding to the maximum
absorption of PSs were the most prevalently applied light
source. Lasers are monochrome and possess distinctive
characteristics like coherency, which make them an ideal
light source for PDT.” Their monochromaticity translates
to maximum light absorbance by the PS at a specific
wavelength, reducing the risk of tissue temperature-
increase by absorbing wavelengths outside the activation
range of the PS. Coherence facilitates the concentration of
light within optical fibers and therefore permits targeted
transmission to tissues.*

The majority of the used PSs were activated by light
sources with 600-700 nm wavelengths. Laser dosimetry
was not fully and clearly reported in the retrieved papers,
which is a limitation in rendering conclusive remarks
about an ideal protocol. Energy density, as the most
important parameter in PDT, varied widely between 0.2
and 122 J/cm?. The predominant range in the evaluated
articles was 1-10 J/cm® Some studies investigated
several energy densities and reported differences in the
results obtained from these energies.®*** In the 1-30 J/
cm’range, 20 J/cm? showed the highest reduction of the
survival rate in OSCC cell lines.* In a study on a tongue
cancer cell line, PDT efficacy showed a dose-dependent
manner with higher irradiation doses resulting in higher
cell toxicity.*® Conversely, recent reviews on the efficacy
of PDT in the clinical treatment of OSCC found no
significant difference between 0-50 J/cm?, 50-100J/cm?,
and 100-200 J/cm? energy densities.® This difference may
be attributed to differences in the dosimetry principle
between in vitro and clinical studies, as in clinics the light
dose on the light source surface may be different from
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that used on the target surface.

There was insufficient information on laser power and
density in most of the extracted studies. A limited number
of articles that provided this data reported powers to be
less than 1 W and densities between 3 mW/cm?* and 1000
mW/cm?. Considering the role of oxygen in PDT, power
density should be selected with care to prevent unwanted
consequences like reduced efficiency due to accelerated
oxygen consumption by high power densities. Values
between 150 and 200 mW/cm? have been considered as
the optimum range for PDT.*

To prove the efficacy of the PDT protocol, cell viability,
apoptosis assays, ROS detection, and migration test
were the most commonly applied tests respectively. Cell
viability and migration ability are crucial in examining
the active shifts in cell features undergoing PDT therapy.*
ROS production measurement is important because these
elements are central to PDT and have essential functions
in cell signaling systems and homeostasis. The essence
and continuous presence of ROS can impact the efficacy
of PDT.®* Moreover, cell proliferation-related proteins
and those associated with invasion and apoptosis were
the most significant measurements in the included
studies that were used to explore the pathways involved
in PDT. Osseous invasion and metastasis of OSCC are the
debilitating sequelae of this cancer; therefore, knowledge
of the mechanisms involved in its development is
essential. Although poorly understood, invasion occurs
through increased activity of osteoclasts at the invasion
site, which has been suggested to result from an induction
effect of tumor cells via promoting increases in the
expression of various proteolytic enzymes like matrix
metalloproteinases (MMPs) and cathepsins. Therefore,
investigating the expression changes of these proteins
could be valuable in PDT studies.** The current results
of the retrieved studies revealed the down-regulation
of MMP-2, 9 #* and MMP-13, suggesting the
promoting effect of PDT on the suppression of molecular
factors responsible for tumor invasion. According to our
results, cell lines originating from the tongue were the
most Commonly applled Cells9,23,29,31,32,38-41,44-46,50-53,58,61,64 and
demonstrated a general reduction in cell viability and
increased apoptosis following PDT. Moreover, increased
levels of intracellular ROS, migration inhibition, and
down-regulations of the proteins responsible for tumor
invasion were also reported. The findings related to
cells from other oral sites were not consistent. For
example, cell lines from the floor of the mouth were
more resistant to PDT-induced cell death.®*** This
information is valuable and with further future research
and confirmation, it can be used to suggest modifications
for PDT treatment of floor of mouth SCCs. Providing an
explanation for the different response of the floor of the
mouth SCC cells to PDT based on the limited current
information would be speculative and requires further

extensive research. However, a plausible justification is
that this difference may be related to a variety of genomic
specifications related to the different studied cell lines.*
Also, numerous crucial differences have been reported
between oral cancers originating from the floor of the
mouth compared to other subsites, which can separately
or collectively be responsible for this observation. Some
of these differences are as follows: The floor of the mouth
has significant anatomical complexity compared to other
intraoral locations. Tobacco smoking and alcohol have
a much higher impact on this subsite in comparison to
others. Cancers in this location are more inclined towards
the development of lymph node metastasis than those
originating from the tongue, even when their thickness
is similar. In addition, they are largely affected by field
cancers and have a higher prevalence of multiple primary
cancers compared to SCCs of the tongue, particularly
in the anterior-subtypes compared to the posterior-
subtypes. This anterior-posterior variation is interesting
and implies that carcinogenesis might differ even among
the different locations of the same subsite.*

Interestingly, studies that explored the efficacy of
PDT in different cells from the same source stated that
the results differed among the studied cell lines, which
could be attributed to the features inherent in the cancer
itself.¢3843% As an example, a comparison of two tongue
SCC cell lines, SCC-9 and SCC-25, receiving the same
PDT protocol, showed viability decreases of 70% and 30%
respectively.” It is noteworthy that SCC-9 was derived
from a 25-year-old male, while SCC-25 originated
from a 70-year-old man. This validates the importance
of personalized medicine when planning a treatment
strategy.

It has been shown that combinations of PDT with
other treatment methods could be a promising approach
against cancer, especially in cases where monotherapy
has failed.” The present study excluded the articles that
combined PDT with other treatment modalities like
chemotherapy or gene therapy to provide a more focused
analysis. However, this could be an interesting and
important topic for further research.

Conclusion

The current review revealed the promising effects of
PDT on different oral squamous cell carcinoma (OSCC)
cell lines using different PDT protocols. A large body of
evidence exists on tongue cancer cell lines, which may
have a slightly superior response to PDT compared to
SCC cells extracted from the floor of the mouth. These
results need to be further validated by future studies.
A significant reduction in cell viability and apoptosis
induction were the most commonly reported outcomes.
Among the various PDT protocols, 5 ALA using laser
light of approximately 630 nm and energy density in
a range of 4-10 J/cm* was on the top of the list of the
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used PSs with a generally high success rate. Due to the
promising results obtained from the use of natural PSs
as well as their additional health-promoting properties,
further investigation with different cell lines and light
specifications on these materials is highly reccommended.
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