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Photodynamic therapy (PDT) is emerging as a promising treatment for many diseases. This non-invasive approach uses pho-
tosensitizing agents and light to selectively destroy abnormal cells, providing a valuable alternative to traditional treatments.
Scientists are investigating the use of PDT in various areas of the head, and their work is focused on a growing number of new
discoveries and methods for treating cancer. We have analyzed the use of photodynamic therapy in the treatment of head and
neck cancer (HNC) and present the latest advances in this field, with particular emphasis on its effectiveness in improving the
long-term quality of life of patients with HNC. The effectiveness of PDT in the treatment of cancer depends largely on the depth
of the tumor location. PDT is particularly useful in the treatment of early diagnosed cancers and superficial tumors. Many head
and neck tumors are ideal candidates for this therapy due to the possibility of precise assessment of the lesions and the provision
of adequate irradiation in these locations. PDT is currently considered a revolutionary, modern form of cancer therapy. A sig-
nificant advantage of PDT is that cells do not develop resistance to singlet oxygen, which makes this method extremely effective.
Although this method is safe, the limited depth of light penetration limits its use in the treatment of advanced stages of cancer.
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Introduction

Head and neck squamous cell carcinoma (HNSCC)
is a group of malignant tumors affecting the oral cavity,
pharynx, hypopharynx, larynx, nasal cavity, and salivary
glands, which together constitute the seventh most common
cancer diagnosis worldwide [1]. The salivary glands, also
known as the salivary glands, are the glands of the oral cav-
ity responsible for the production of saliva. There are three
large paired salivary glands: the parotid, submandibular,
and sublingual. These glands produce saliva, which can
be mucous, serous, or mixed (mucoserous). Based on the
type of saliva secreted, the salivary glands can be divided
into serous, which include the parotid and lingual glands
of Ebner, mucous, such as the palatine glands and the base
of the tongue, and mixed, which include the labial, buc-
cal, molar, anterior lingual, sublingual, and submandibu-
lar glands. The parotid gland is the largest of the salivary
glands [2,3]. The most common symptom of salivary gland
tumors is the appearance of a tumor on the neck, located
in front of the auricle or in the submandibular region [3].
Tumors from the deep lobe of the parotid gland may de-
velop towards the parapharyngeal space, which means that
they remain imperceptible to the patient for a long time. In
such cases, the first symptoms may include a medially dis-
placed palatine tonsil, difficulty swallowing, a feeling of an

obstruction in the throat, or changes in speech [4]. About
80% of all salivary gland tumors are located in the parotid
gland, 10-20% in the submandibular gland, and a few per-
cent in the sublingual glands and minor glands [5]. This
classification applies only to cases of parotid, submandibu-
lar and sublingual gland cancer [6]. In the parotid glands,
about 15% of tumors are malignant, in the submandibular
glands this percentage is about 40%, while in the sublingual
and minor salivary glands—almost 80% [7]. The percent-
age of malignant tumors increases significantly with age in
all of the above locations [8—11]. In the case of a lesion
located in the deep lobe of the parotid gland or suspicion
of malignant hyperplasia, it is often necessary to perform
contrast-enhanced computed tomography, also covering the
base of the skull and the facial skeleton, or magnetic res-
onance imaging [12]. All patients were cured after local
excision of the tumor, with no recurrence after a limited
number of follow-up visits. Surgery is currently considered
the most effective treatment method [13,14]. In the case of
malignant tumors, combined treatment, including surgical
resection and postoperative radiotherapy, is the most com-
monly used method of therapy. Chemotherapy has little sig-
nificance in the treatment of salivary gland cancers (Fig. 1)
[12,15].

Fibrous tumors located in the head region are rare, and
involvement of the salivary glands is extremely sporadic—
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Fig. 1. Location of the salivary glands: submandibular, sublingual, and parotid. Done by the use of Chem Draw Professional 20.1

(© Revvity Signals Software, Waltham, MA, USA).

only a few cases have been documented in the literature.
About 30 cases of parotitis have been described to date,
most of which involved the deep lobe. The disease is more
common in middle-aged people and does not show any gen-
der dependence. Parotid gland tumors are a rare condi-
tion, most often located in the major salivary glands, es-
pecially the parotid gland, and less frequently in the sublin-
gual gland. Based on the available literature data, only eight
cases have been documented, with no age-related prefer-
ences or association with salivary gland inflammation. Ma-
lignant tumors and/or those with positive resection mar-
gins may benefit from radiotherapy or chemotherapy, al-
though they are associated with a higher risk of local re-
currence. However, due to the limited number of reported
cases, further studies are needed to confirm the efficacy of
such treatments. The final diagnosis is based primarily on
histological and immunohistochemical analysis. The radi-
ologist should be aware of the possibility of rare tumors in
the parotid gland [13—15].

Mechanism of Photodynamic Therapy

Photodynamic therapy involves the administration of
a photosensitive compound—a photosensitizer, which, af-
ter absorption, accumulates mainly in diseased tissues. Un-
der the influence of light of an appropriate wavelength, the
photosensitizer activates processes leading to the selective
destruction of pathological cells. Due to its targeted action,
this therapy is well tolerated by patients. Photodynamic
procedures are painless, and their simplicity allows them
to be performed in outpatient settings. Additionally, photo-

dynamic therapy is used in the treatment of chronic inflam-
mations and is an interesting alternative in the fight against
drug-resistant bacterial infections [16,17].

Photodynamic therapy involves local or systemic ad-
ministration of a light-sensitive compound—a photosen-
sitizer, which accumulates intensively in diseased tissues.
The molecules of this compound absorb light of a specific
wavelength, which initiates activation processes leading to
the precise destruction of abnormal cells. Due to the selec-
tivity of action, this therapy is well tolerated by patients.
Photodynamic procedures are painless, and their simplicity
allows them to be performed in outpatient settings. This
therapy is also used in the treatment of chronic inflamma-
tion and is an interesting alternative in the treatment of drug-
resistant bacterial infections. The mechanism of action of
the therapy is based on three non-toxic components that in-
teract with each other, causing the desired effects in patho-
logical tissues: photosensitizer (PS), light of an appropriate
wavelength, and oxygen dissolved in cells [18]. There are
two main mechanisms of the photodynamic reaction, which
largely depend on the presence of oxygen molecules inside
the cells. Both mechanisms start in a similar way. The pho-
tosensitizer, after entering the cell, is irradiated with light
of a wavelength corresponding to its absorption spectrum.
As a result of absorbing photons, it passes from the singlet
ground state (S°) to the excited singlet state (S1). Part of
the accumulated energy is then emitted in the form of fluo-
rescence, while the remaining energy causes the photosen-
sitizer to pass to the excited triplet state (T1), which is the
proper, therapeutic form of the compound [19,20].
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In the type I photodynamic mechanism, the PS in
the excited triplet state interacts directly with biomolecules
present in its environment, transferring energy to them. The
key steps of this mechanism include:

(1) Hydrogen or electron transfer: PS in the triplet
state transfers an electron or hydrogen to surrounding
molecules such as lipids, proteins or DNA in tissues, espe-
cially in cancer cells. This process results in the formation
of free radicals and anion radicals of both the photosensi-
tizer and the substrate (e.g., tumor).

(2) Reactions with oygen: Free radicals interact with
oxygen molecules in the ground state (triplet oxygen), lead-
ing to the formation of reactive oxygen species (ROS). The
first product of this process is a superoxide anion radical.

(3) Reaction cascade: Superoxide anion initiates a re-
action cascade leading to the generation of further ROS
such as hydrogen peroxide, hydroxyl radicals and other re-
active factors.

(4) Oxidative stress: ROS induce oxidative stress
which destroys cellular structures including proteins, lipids
and DNA leading to apoptosis (programmed cell death) or
necrosis of cancer cells [21,22].

This mechanism works effectively in environments
where oxygen availability is adequate and ROS plays a key
role in destroying pathological cells, making it an effec-
tive method of combating cancer in photodynamic therapy.
In the type II photodynamic mechanism, the PS in the T1
transfers its energy directly to the oxygen molecule in its
ground triplet state. The key steps of this mechanism are:

(1) Transition to the triplet state: Upon excitation by
light, the photosensitizer transitions from the singlet state
to the triplet state via an intersystemic transition.

(2) Energy transfer to oxygen: The photosensitizer in
the triplet state transfers its energy to the oxygen molecule
in the ground state (triplet). Energy transfer is possible be-
cause both molecules have unpaired electrons with the same
spin, which favors interaction [23,24].

(3) Formation of singlet oxygen: The ground state
oxygen is transformed into singlet oxygen, which is a form
of oxygen with a much higher energy. Singlet oxygen is
a very reactive form of ROS, characterized by extremely
strong oxidizing properties [25].

(4) Action of singlet oxygen: Singlet oxygen reacts
with lipids, proteins, and nucleic acids in cells, leading to
damage of cell membranes, proteins, and DNA. The result
of these reactions is the induction of apoptosis or necrosis
in cells, mainly cancer cells [26,27].

The type Il mechanism is dependent on the presence of
oxygen, and singlet oxygen plays a key role in the destruc-
tion of pathological cells. In contrast to the type I mecha-
nism, this mechanism does not rely on the transfer of elec-
trons or hydrogen, but on the direct transfer of energy be-
tween the photosensitizer and the oxygen molecule.
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The Potential of Photodynamic Therapy (PDT) in the
Treatment of Parotid Gland Tumor

Dynamic phototherapy is currently gaining increasing
attention in otolaryngology due to its ability to precisely
treat diseases in the upper respiratory system. PDT uses
light to activate special chemicals that selectively destroy
pathologically changed cells while minimizing damage to
healthy tissues. Its use in the treatment of disorders of the
nose, throat, larynx and oral cavity is particularly promis-
ing, as it can offer therapeutic efficacy without the need for
invasive surgical procedures. This approach is especially
important in the context of cancer and chronic inflamma-
tory conditions, where traditional methods may be associ-
ated with the risk of complications and long-term side ef-
fects. Thanks to its precision and minimal invasiveness,
PDT is becoming an increasingly popular solution in mod-
ern otolaryngology [28,29]. Photodynamic therapy is an
effective method of treating various types of cancers. It in-
volves the administration of a photosensitizer, which accu-
mulates in the tumor or vascular tumor and is then activated
locally using visible light, most often delivered by various
types of lasers [30,31]. Photodynamic therapy may play
a future role in the treatment of malignant tumors of the
parotid gland. It is possible to use it during surgery, after
resection of the gland, to reduce the risk of disease recur-
rence. An interesting direction of research is the assessment
of the potential harmful effects of this method on the ner-
vous system. However, nervous tissue seems to be resistant
to PDT, provided that the doses of photosensitizer and light
remain within the normal range. According to the litera-
ture, photodynamic therapy may be particularly useful in
the treatment of malignant lesions of the parotid gland in
cases where radical surgery is not possible [32]. Photody-
namic therapy stands out from the classic methods of onco-
logical treatment, offering many promising benefits. Its ef-
fectiveness results from high selectivity of action, because
photodynamic activity is limited only to the area subjected
to irradiation. Therapeutic procedures are easy to perform,
and the risk of complications is much lower. Tissues regen-
erate faster, which translates into excellent aesthetic effects.
This method is minimally invasive for deeper structures, al-
lowing the preservation of the function of the treated organ.
Photodynamic therapy brings good results both in the treat-
ment of primary lesions and in palliative therapy, as well as
a complement to surgery, radiotherapy and chemotherapy.
It can be performed on an outpatient basis, which reduces
the costs of treatment and improves the patient’s psycho-
logical comfort [33]. Thanks to intraoperative fluorescence
diagnostics, the risk of relapse and metastasis can be re-
duced, because it allows for precise determination of the tu-
mor boundaries. The main advantage of this method is the
possibility of determining the boundaries of the tumor tis-
sue inreal time. Fluorescence is excited in the red spectrum,
which corresponds to the “window of transparency” of bi-
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ological tissue. In this range, light is less scattered, which
allows deeper penetration and increases the efficiency of
the optical probe. Continuous-mode diagnostic systems al-
low simultaneous visualization of pathological tissue im-
ages in natural colors and the application of a fluorescent
layer on the monitor, which significantly improves the sen-
sitivity of optical navigation during the removal of head and
neck malignant tumors. In this way, intraoperative fluo-
rescence diagnostics increases the effectiveness of PDT by
continuously monitoring the PS concentration in the irradi-
ated area. Moreover, PDT as a local exposure method can
be used repeatedly and contributes to prolonging the overall
survival of patients with malignant tumors [34].

PDT optimization depends on many variables that af-
fect treatment effectiveness. Key parameters include:

(1) Photosensitizers: The choice and concentration of
photosensitizers, such as S-aminolevulinic acid (ALA) or
hematoporphyrin derivatives, have a significant impact on
the efficacy of the therapy. Photosensitizers should be ap-
propriately selected to maximize their accumulation in tar-
get cells and optimize their effect with minimal impact on
healthy tissues.

(2) Light source: Choosing the right light source that
delivers energy at the right wavelength is crucial for the effi-
cacy of PDT. The right wavelength ensures effective activa-
tion of the photosensitizer and effective therapeutic action.
In addition, parameters such as intensity and exposure time
are important in the context of optimizing the therapeutic
effects.

(3) Light penetration: One of the challenges of PDT is
the limited depth of light penetration, which can be impor-
tant, especially when treating deeper structures in the upper
respiratory tract.

(4) Treatment time and repeat treatments: Treatment
time and the number of PDT sessions required may vary de-
pending on the condition and the patient’s response to ther-
apy.

Therefore, ongoing research on new photosensitizers
and light sources is essential to improve the efficacy of PDT
and increase its application in the treatment of various in-
flammatory and infectious conditions in the upper respira-
tory tract. Future research may provide new solutions that
will increase the therapeutic possibilities of PDT and con-
tribute to the further development of this technology [34].

Current Point of View on PDT in the Treatment
of Parotid Gland Tumor

Due to the selective accumulation of photosensitizer
in tumor cells. Photosensitizers have low systemic toxicity
because they require light activation, which, combined with
the non-thermal nature of the photochemical reaction, leads
to reduced morbidity rates and reduced risk of disfigure-
ment often encountered with conventional treatment meth-
ods [35-37]. PDT is particularly effective in the treatment

of early stages of cancer. Improved technology in terms of
penetration, which requires advanced technology and mon-
itoring.

Skin reactions related to the photosensitizer can still
occur. However, one of the main limitations of this method
is the long period of photosensitization after treatment.
Nevertheless, the risk of photosensitivity reactions can be
minimized by the gradual and controlled increase of light
exposure after therapy [38].

Research into new, more effective photosensitizers
with better tissue penetration and less skin toxicity may
significantly improve PDT outcomes. New technologies
may enable better penetration and more precise targeting
of light, which will increase treatment efficacy. Combining
PDT with other treatments, such as surgery or radiotherapy,
may improve overall treatment outcomes and minimize the
risk of relapses.

In PDT, photosensitizers are one of the three key ele-
ments, along with light and oxygen. These are substances
that have the ability to absorb light of a specific wavelength,
which allows them to enter an excited state and participate
in photochemical and photophysical reactions [20].

Main features of photosensitizers:

(1) Light absorption: Photosensitizers must absorb
light in a specific wavelength range, usually in the red range
(600-800 nm), which allows for better tissue penetration.
The wavelength is crucial because it determines the depth
at which light can reach the body.

(2) Activation and transition to an excited state: Af-
ter absorbing photon energy, the photosensitizer enters an
excited state, which allows the initiation of photodynamic
reactions. These reactions can be based on a type I mech-
anism (transfer of electrons or hydrogen, formation of free
radicals) or a type Il mechanism (transfer of energy to oxy-
gen and formation of singlet oxygen).

(3) Selectivity: The ideal photosensitizer should accu-
mulate in cancerous or diseased tissues to limit damage to
healthy cells. As a result of selective accumulation, after
tissue irradiation, the photodynamic process occurs primar-
ily in the diseased areas [39,40].

Photosensitizers play a key role in PDT because their
absorption and chemical properties determine the effective-
ness of the therapy in destroying cancer or disease cells
without harmful effects on the surrounding healthy tissue.

Current Clinical and Preclinical Photosensitisers for
Use in Photodynamic Therapy

Since the 1970s, photodynamic therapy has gained im-
portance as an alternative treatment for cancer and other dis-
eases [41].

Derivative of hematoporphyrin showed better tumor
selectivity and lower photosensitizing potential for the skin
compared to Photofrin. Later, a mixture of porphyrin
dimers and oligomers isolated from derivative of hemato-
porphyrin was introduced to the market under the trade
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name “Photofrin”. Today, Photofrin, also known as sodium
porphyrin, remains the most commonly used photosensi-
tizer [42].

5-Aminolevulinic Acid (ALA)

Aminolevulinic acid is a prodrug that is a biosynthetic
precursor of the photosensitizer protoporphyrin IX [43]. It
has found wide application, enabling topical or oral admin-
istration of 5-ALA or its esters. Photodynamic therapy with
5-ALA is currently being intensively studied in the context
of treating premalignant lesions and malignant skin cancers
[44,45]. Local application of 5-ALA has shown over 75%
overall response rates in nonhyperkeratotic actinic keratosis
lesions [46]. The use of 5-ALA has also shown promising
results in the treatment of both superficial and nodular basal
cell carcinoma [47,48]. In the treatment of prostate cancer,
the efficacy of this photosensitizer remains more variable.

5-aminolevulinic acid and protoporphyrin IX (PpIX)
play a key role in PDT. ALA, a precursor of PpIX, is used
to generate PpIX in tissues. PpIX is an effective photosen-
sitizer that, when exposed to light of the appropriate wave-
length, can generate reactive oxygen species and lead to the
destruction of cancer cells. However, in organisms, includ-
ing some tumors, the activity of the enzyme ferrochelatase,
which converts PpIX to heme, can be reduced. As a result,
externally supplied ALA can lead to the accumulation of
PpIX in tumors, which increases its concentration in these
areas. This effect is further enhanced by the fact that in
some tumors the capacity of ferrochelatase is limited, which
makes it difficult to convert PpIX to heme. For this reason,
after ALA administration, PpIX accumulates in tumors, and
the concentration of this compound in tumor tissues usually
reaches its maximum within 1-6 hours. This phenomenon
allows for the selective accumulation of PpIX in tumor tis-
sues compared to healthy tissues, which is beneficial in the
context of photodynamic therapy, as it allows for effective
localization and treatment of tumor lesions with minimal
damage to healthy tissues [49,50].

Verteporfin

Verteporfin, a benzoporphyrin derivative, is widely
used as a photosensitizer in photodynamic therapy to
eliminate abnormal blood vessels in the eye, especially
in the treatment of wet age-related macular degenera-
tion [51]. Recently, verteporfin has gained attention in
photosensitizer-based photodynamic therapy, where its ac-
tion is related to the Hippo signaling pathway, which reg-
ulates organ size by controlling cell cycle, proliferation,
and apoptosis [52]. A study on the effect of verteporfin
on retinoblastoma showed that verteporfin induces growth
inhibition, apoptosis, and cell cycle arrest by interfering
with the YAP-TEAD (associate protein-transcription fac-
tor) growth pathway [53].

Pheophorbide

Pheophorbide a (Pba), a degradation product of
chlorophyll a, can be obtained from both algae and higher
plants [54]. Early research comparing the photodynamic
efficacy of Pba with a hematoporphyrin derivative (HpD)
in treating Lewis lung cancer in mice showed that Pba is
a more effective photosensitizer than HpD, mainly due to
its longer absorbance wavelength in the red region of the
spectrum [55].

Hematoporphyrin Derivative

HpD is a complex mixture of monomeric and aggre-
gated porphyrins derived from hematoporphyrin. It has
been successfully used in the localization and photody-
namic therapy of tumors [56]. The first treatment of a breast
cancer patient with HpD was in 1966 [57], and since then
many studies have been published on its use in the treat-
ment of various tumors. In 1993, the mixture was intro-
duced to the market under the trade name Photofrin (por-
fimer sodium) and approved in Canada for the treatment
of early-stage bladder cancer. In 1996, the US Food and
Drug Administration (FDA) approved porfimer sodium for
the treatment of esophageal cancer [58]. It was previously
approved in France and the Netherlands for the treatment of
advanced lung and esophageal cancer, in Germany for the
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treatment of early lung cancer, and in Japan for the treat-
ment of early-stage esophageal, lung, gastric, and cervical
cancers [59].

Dypes of Photosensitizers Used in the Treatment of
Parotid Gland Tumor

Rose Bengal

Rose Bengal is one of the photosensitizers widely used
in anticancer and antimicrobial therapy. Specific excita-
tion of this photosensitizer leads to the production of sin-
glet oxygen and other reactive oxygen species, which ef-
fectively kill bacteria and cancer cells. Rose Bengal is dark
red and has an absorption spectrum in the visible range,
covering a wavelength of 550 nm [60]. Rose Bengal is
one of the most active photosensitizers, distinguished by its
high efficiency in the production of singlet oxygen. Its ef-
ficiency in the production of this reactive oxygen species
makes it effective in photodynamic therapy, both in the
treatment of cancer and in antimicrobial therapy [61,62].
Rose Bengal belongs to the class of fluorescent dyes and is
used in photodynamic therapy to modulate the dynamics of
the cytoskeleton in neuronal cells. Its fluorescent proper-
ties enable tracking and studying changes in the cytoskele-
ton structure, which may be of great importance in studies
on the functioning of neuronal cells and in photodynamic
therapy [63,64]. According to literature data, in the case of
strongly stained lesions, the probability of developing squa-
mous cell carcinoma of the oral cavity or epithelial dyspla-
sia is higher compared to weakly stained lesions [65]. This
situation makes Rose Bengal an effective method for detect-
ing precancerous or malignant lesions in the oral cavity and
other locations [66]. Types of photosensitizers used in the
treatment of parotid gland tumor are presented in Table 1.

5-Aminolevulinic Acid (ALA)

Local ALA-PDT therapy has several significant ad-
vantages over traditional treatment methods. It is non-
invasive, provides excellent cosmetic results, and is well
tolerated by patients. It allows for the treatment of many
superficial lesions in a short time and can be used in people
who are not candidates for surgery, have pacemakers, or a
tendency to bleed. It is also effective in the treatment of
lesions in difficult to access areas, such as the oral mucosa
or genital areas. It can be used as a palliative treatment and
can be used repeatedly without the risk of cumulative toxic-
ity [67]. Photodynamic therapy based on 5-aminolevulinic
acid involves the delivery of a photosensitizer to the areas
of interest and then irradiating them with light of specific
wavelengths, which leads to the generation of cytotoxic re-
active oxygen species [68].

Conclusions

The diagnosis of nodular salivary gland lesions is
based on radiological and clinical criteria. During this pro-

cess, it is important to consider inflammatory factors that
can lead to false positive results. Accurate determination
of the location and extent of parotid gland lesions is crucial
for otolaryngologists and other specialists in monitoring pa-
tients in the postoperative period. With this information, it
is possible to improve the efficiency of scientific commu-
nication, exchange of experiences between specialists and
standardize surgical and procedural controls. However, in
order to ensure precise diagnosis and possible reclassifica-
tion of the surgical procedure, it is also important to include
a detailed description of the histopathological examination.
Photodynamic therapy has great potential as a treatment
method for parotid gland tumors, especially in cases where
traditional treatment methods may be less effective or im-
possible. Future research and development of the technol-
ogy will be crucial to further expand its use and improve
clinical outcomes. In addition to the development of more
advanced photosensitizing agents, a better understanding of
the efficacy PDT in clinical applications and the optimiza-
tion of complex multimodal therapies will help expand its
clinical applications.
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