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The challenge in cancer management is to find a balance between the intended therapeutic
outcomes whilst preserving and maintaining function and aesthetics. This dilemma initiated
ongoing efforts focusing on PDT which is now considered a historical re-utilized technique
showing promising results but with many limitations. PDT has emerged as a successful

and clinically acceptable therapeutic approach to the management of malignant and benign
diseases. It is important to understand that PDT cannot completely replace other treatment
modalities but can be used as a useful adjunct or as additional treatment.
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Introduction

In order to successfully manage head and neck squamous
cell carcinomas (HNSCC), it is imperative that function and
aesthetics are maintained as much as possible. Improving loco-
regional disease control rates has been somewhat the focus
of research in the last 30-40 years. Non-surgical treatment
approaches such as PDT can be applied to keep speech and
swallowing function but with less than optimal improvements
in survival. (')

Nevertheless, it is immediately clear that advances in the
management came at the expense of altering function and
changing aesthetics. This was so that the ultimate goal of loco-
regional control of the disease was achieved. P

The challenge in cancer management is to find a balance
between the intended therapeutic outcomes whilst preserving
and maintaining function and aesthetics. This dilemma initiated
ongoing efforts focusing on PDT which is now considered a
historical re-utilized technique showing promising results
but with many limitations. Photodynamic therapy (PDT) is a
treatment modality that is minimally invasive. Unlike ionizing
radiation, PDT has the advantage that it can be applied repeatedly
at the same site. PDT utilization in medicine had been widely
accepted and it is an appealing option in oncology because the
use of chemotherapy, ionizing radiation, or surgery does not
preclude the use of PDT, and all of these approaches can be
used in a patient who has received PDT.

PDT is not an alternative approach to the common used
modalities however, there are certain circumstances were PDT

59

can be used as an alternative approach. Although PDT is still
emerging, it is already a successful and clinically approved
therapeutic modality used for the management of neoplastic and
nonmalignant diseases. ¥

PDT structure

PDT utilizes three components to achieve the intended effect on
tumor cells and these essential components are: a photosensitizer
(PS), light, and oxygen. The essential components are ineffective
on tumor cells when exposed to the cells as single modalities.
However, when they join together a highly reactive product,
single, is formed causing significant toxicity resulting in cell
death via apoptosis or necrosis. &7

There are three mechanisms that cause the anti-tumor effects of
PDT. These include the direct cytotoxic effects on tumor cells,
damage to the tumor vascularity, and an inflammatory reaction
leading to the development of systemic immunity.

The therapeutic effect of PDT production of singlet
oxygen

The basics of the photochemical reaction which initiates the
process of tumor cell destruction is dependent on the excitation
of the tissue oxygen located in the body by the injected
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photosensitizer. The oxygen molecules will be excited by the
light activated photosensitizer which will change the oxygen
molecule’s electron energy level and initiate a new active
species of oxygen in the area which is cytotoxic and that will
produce part of our treatment goal. The destruction of the tumor
cells in this process is considered a type II reaction. A type I
reaction is active and cytotoxic, but it is less profound than
type II. The production of hydrogen peroxide within the area
that is being treated is a by-product which will undergo certain
chemical pathways to result in the hydroxyl free radical that
is highly cytotoxic. The effect of the type II reaction is more
intense and it is believed that PDT is more dependent on this
reaction than type 1.1

Different types of PS will have different targets within the
nearby cells (mitochondria, endoplasmic reticulum, lysosomes,
etc), but generally all PS with different intensity will result
in cell death and will initiate three cellular death pathways:
apoptotic, necrotic and autophage-associated cell death. (1%

The PDT singlet oxygen pathway seems to be promising however;
the tumor cells will activate several cytoprotective mechanisms
to reduce the effect of PDT. The first mechanism identified is the
over-expression of antioxidant molecules produced by the tumor
cells to reduce the healing effect of PDT; that explains the full
variation in cellular response to treatment. ['!)

The second mechanism is the production of specific enzymes
that is involved in the detoxification of the singlet oxygen
production pathway. The tumor cells can target molecules in the
production pathway of singlet oxygen. There is no enzyme that
can break down singlet oxygen itself but targeting molecules in
its production will influence the cytotoxicity of PDT. '

There is a third cytoprotective mechanism involving proteins.
The proteins encoding genes are themselves induced by PDT.
The encoding genes are part of signalling pathways. These
pathways regulate PDT-induced apoptosis or contribute in the
repair of lesions caused by oxidative stress. ['*

PDT effect on tumor vascularity

This subject still requires further research and work; nevertheless,
the general principles of the effect have been established since
1963 following a study conducted by Castellini et al. that
reported that PDT will lead to the disruption of the tumor
circulation. There are various mechanisms that can describe
the vascular influence of PDT. The primary mechanisms that
best explain the PDT effect can be summarized in its effect on
endothelial cells and platelet aggregation, and the wide scope
of vascular changes which cumulatively induce hypoxia to the
tumor cells. [1+17)

PDT initiates the immune system

By provoking a strong inflammatory response which can be
observed as a strong edematous reaction. The initiation of what
is called cell death-associated molecular patterns (CDAMP) is
one of the major immune responses that is generated by PDT.

These are proteins released in association with cellular death
and they are mainly a result of damaged cellular organelles.
Inflammatory cells are triggered and tumors undergoing PDT
are rapidly invaded. The most important role of these cells is to
eliminate the debris and dead cells induced by (CDAMP) and
that will promote better healing. (829

PDT for dysplasia and pre-malignancy

For PDT to be most effective, optimal light delivery or strength
must be achieved. Certain factors including the size, shape,
accessibility of the area being treated, and the depth of the lesion
being treated must all be taken into consideration.

PDT can be delivered as an outpatient procedure or under
general anesthesia. General anesthesia is typically used when
wounds are affecting the throat and larynx.

Dysplastic lesions that are relatively small on the buccal mucosa,
retromolar trigone, ventral and lateral oral tongue and the floor
of mouth are treated effectively with PDT. 2!

The advantage of using PDT is that surrounding margins of
visible lesions incorporating borders of normal mucosa can
conservatively be included in the target location. Postoperative
adjuvant therapy in patients with positive dysplasia margins can
be used successfully. In photo-diagnosis, photosensitizers can be
used to map subclinical regions of potential dysplastic cells. %

To identify the premalignant lesions (dysplasia) in the oral
fibrotic mucosa when compared to hyperkeratotic and normal
mucosa, ALA-induced PpIX fluorescence spectroscopy can be
used. A study directed by Wang et al. after the topical application
of S-aminolevulinic acid (5-ALA, Levulan®) supports this.

Effective treatment depth is limited to several millimeters
because the penetrating depth of the light is confined by its light
absorption within tissue which is wavelength-dependent. For
dysplastic mucosal lesions, a few millimeters depth of treatment
is sufficient. Light absorption can be enhanced by reducing
surface secretions which can lead to its expression. ] ALA has
been shown to be limited in its depth of action, sufficient for
1.5 mm thick lesions as shown in the results of Malley et al. It
was also shown that ALA requires a number of treatments when
used topically to reach a full clinical response. ¥ Lesions greater
than 3mm thickness with thick keratin layers and micro invasive
carcinomas respond well to a single plane of interstitial light
fibers placed through 18 gauge angiocatheters. Light fibers need
to be placed beyond the dysplasia to accommodate for the light
anisotropy that occurs at the end of each individual light fiber.
12511t is physically difficult to illuminate large lateral and ventral
tongue dysplasia especially as illumination perpendicular to the
mucous membrane may not be physically possible.

A prospective study was done by Rigual et al. for the the
treatment of moderate to severe dysplasia and early T1 invasive
oral and laryngeal carcinomas using pofirmer sodium, If tongue
dysplasia extends to the adjacent floor of mouth, the concavity of
the mucosal target creates technical illumination challenges. ¢
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Jerjes et al. conducted a cohort study on 147 patients with
potentially malignant oral disorders which were treated with
PDT surface illumination. They suggested that PDT with 5-ALA
and/or mTCHP photosensitizers offers an effective alternative
treatment and demonstrated that patients with carcinoma in-
situ, erythroplakia, and non-homogenous leukoplakia were the
most sinister with the least response to PDT treatment and a
high recurrence rate and risk of malignant transformation even
after the PDT application when compared to the response of
moderate dysplasia and homogenous leukoplakia. 2"

A range of photosensitizers including porfirmer sodium
(Photofrin®)(25,26), aminolevulinic acid (Levulan®) 8 and
mTHPC (Foscan®) ! have been reported for the treatment of
dysplasia. However,studies for the management of dysplasia
alone have been very few, ?%*1 For the palliative management
of advanced head and neck invasive carcinomas, mTHPC
is currently sanctioned by the European Union failing prior
therapies.

To facilitate PDT in the oropharynx, a group of researchers 2!
have recently begun to investigate the role of transoral robotic
surgical (TORS) technology. The oropharynx has not been a
focus for head and neck PDT because of the limited access with
traditional transoral approaches. Transrobotic surgery has been
shown to not only be feasible but effective for oropharyngeal
carcinoma. 2439

PDT uses in cancer managements

The sixth most common cancer in the world is oral and
oropharyngeal carcinoma. The 5 years survival rate has not
improved significantly during the past 30 years despite the
evolution in management. *!!

Interventions and modalities being used to treat oral cancer is
focused on controlling locoregional spread and recurrence of
the tumor, and it can be prosperous in many cases. However,
treatment options available such as surgery and radiation can
be associated with astronomically immense morbidity and
disfigurement for the patient; and the overall survival for the
patient did not shift dramatically in the past 30 years.

PDT first clinical application as treatment modality for cancer
was in the late 1970’s for the treatment of bladder cancer in 5
patients. 32 Since then, PDT was under focus as new therapeutic
alternative for the treatment of cancer with less morbidity to
the patients. However, until now it did not reach the expected
scientific approval due to some drawbacks.

In 1978, the first large series of patients were successfully
treated with PDT by Dougherty et al. ™! They reported a 100%
response rate when using HPD on a large variety of tumors.

In 2010, two systematic reviews ¢! confirmed that PDT can be
used as a treatment modality for malignant and premalignant

non melanoma skin lesions.

In the head and neck region, Sharwani et al. conducted PDT

in patients with suspicious oral leukoplakia. ® Treatment of
carcinoma using PDT in the head and neck is an attractive
proposition. Maintaining facial and anatomical structure and
function including facial disfigurement is imperative for good
cosmetic and functional results.

Hopper et al. P! investigated the role of mTHPC in patients
with early oral squamous cell carcinoma. This was carried
out in conducted an open label, multicenter study. Lou et al.
(191 evaluated mTHPC in a phase I-1I trial for the treatment of
advanced head and neck cancer when all conventional methods
had been exhausted. No loss of function by nerves encased by
tumors was observed.

Benign conditions of the head and neck have also been treated
by mTHPC induced PDT. Betz et al. ['!l treated 11 patients
with both lymphatic and venous malformations of the head and
neck. Interstitial PDT was delivered. Significant improvement
occurred in all patients with the best results occurring in patients
with lymphatic malformations.

Surgery and radiotherapy give good cure rates in early stage
head and neck cancer. The locoregional tumor control for T1
and T2 oral cavity and oropharyngeal carcinomas is between
72 and 93% with conventional therapies. '*!3] Unfortunately,
due to the complex anatomy and physiology, both surgery and
radiotherapy in the head and neck region can also result in
significant morbidity. '

In early twenty-one century, the studies of Kubler, Copper and
Hopper > show that PDT with second generation mTHPC
gives tumor responses that are comparable with the outcomes
of the conventional therapies, but with much less morbidity.
A complete tumor response is not achieved after PDT and
it is imperative that the option of retreatment with PDT or
conventional therapy remains. ¥ One of the advantages of PDT
is that previous treatment with mTHPC-mediated PDT does
not compromise salvage treatment with PDT, radiotherapy or
surgery. [1618191 The protocol for treatment includes positioning
the patient supine and intubated with either an endotracheal
or nasotracheal laser-resistant tube when undergoing general
anesthesia. A mouth gag, cheek retraction, and tongue retraction
are essential for the exposure of the lesion. The laser must be
secured but in a manner, that allows for flexible movements,
fine adjustments, the ability to lock the laser in the appropriate
position. Although the physician can hold the laser throughout
the treatment, for accuracy pneumatic and robotic scope holders
can be readily adapted to hold the laser with excellent results.

Discussion

Photodynamic therapy for tongue and sub-glottic
carcinoma

Total glossectomy and laryngectomy, when indicated, were
once more commonplace for tumors at the tongue base along
with dissection of the cervical lymphatic chain. *! It is known
that there is an increase in local failure rate when positive
margins are present. Planned postoperative radiotherapy is
indicated for advanced and/or recurrent disease. The addition of
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chemotherapy to the management of advanced base of tongue
carcinoma is ongoing, and the results from this treatment option
are not widely reported in the literature. 3

Recent advances in the application of minimally invasive
technologies to tongue base cancers have resulted in similar loco-
regional control rates but with decreased morbidity compared
to larger open procedures. These advanced surgical techniques
require additional training and equipment to be performed but
reported results are promising. B! PDT is currently being used
in the management of several cancers including: head and neck,
brain, lung, pancreas, intra-peritoneal cavity, breast, prostate
and skin. It has also proven to be very successful in treating
vascular anomalies. PDT will have a leading role in minimally-
invasive surgical oncology after a more and more evidence
of successful treatments, especially with the development of
image-guided iPDT. B!

Ultrasound imaging guides the optical fibers to the appropriate
disease volume. Given its accuracy, it allows for the guidance
of delivery apparatus away from vital structures and ensures
that delivery needles are placed parallel for improved dosage
administration profiles.'234 Treatment for subglottic carcinoma
commonly involves wide surgical resection and external beam
radiation. A combination of surgery and photodynamic therapy
to the margin in this case enabled a complete response whilst
reducing surgical morbidity for the patient. 357 T has been
reported by Nhembe et al. that there was curative treatment of a
subglottic carcinoma with a combination of surgical “debulking
and” or “intraluminal’’ photodynamic therapy. There has been
no evidence of recurrence in the 18-month follow-up period and
their histo-pathological studies showed no evidence of dysplasia
or dysplasia with clinical symptoms.

Photodynamic therapy for a treatment of head and
neck malformations

The gold standard treatment of lymphatic malformations is
surgery 349 and the recurrence rates after incomplete resection
vary between 35% and 100% (41). Sclerotherapy has been
investigated as a treatment option in recent years when surgery
is difficult in inaccessible or challenging areas. ***! The
advantage of PDT over sclerotherapy is that a wider variety of
lesions cab be treated with lower side effects.

Interstitial PDT with mTHPC as a photosensitizer seems to be a
safe, effective, symptom-targeted treatment option for complex
benign vascular lesions. Depending on the extent and site of
the lesion, fibre placement may be performed clinically or
under image guidance. ! The method compares favorably with
conventional treatment modalities for head and neck lesions,
because it can be repeated a number of times with very low
neurovascular side effects.

For venous malformations, PDT may offer a viable alternative
as a monotherapy as large and complex venous malformations
seem to be treatable with good outcomes concerning symptom-
relief and only minor chances for adverse events (especially
concerning neurovascular structures). 64" For PDT used in the
treatment of cystic hygroma, Zaid et al. *® report the outcome

of one round of photodynamic therapy in the management of
an extensive macrocystic hygroma in an infant. There was
considerable improvement in neck deformity and relative
restoration of the midline symmetry.

Photodynamic therapy for solitary giant neurofibroma

Hamdoon et al. ! presented a patient with a lesion causing
refractory pain and dysphagia. As a result of PDT, there was
a significant reduction in the size of the lesion after just one
round of treatment. Symptoms have shown resolution with
no morbidity. Surgery is still the gold-standard treatment for
neurofibromas but again with a challenge in head and neck
because of the significantly complicated anatomy. %!

Radiotherapy cannot be carried out successfully when diseases
present as a diffuse form. The lesions may shrink by radiotherapy
and therefore have their growth controlled. Intensity-modulated
radiotherapy was shown to be effective in controlling extensive
or recurrent juvenile angiofibroma. ®? PDT will be an excellent
modality for treatment of head and neck neurofibromas, but
further trials need to be attempted.

Transoral robotic photodynamic therapy for the oro-
pharynx

Even under general anesthesia with traditional laryngoscopes,
exposing the oropharyngeal mucosa is limited by its anatomy. To
overcome this, TORS can facilitate excellent three-dimensional
visualization with safe, accurate and stable delivery of PDT to
the oropharynx. An advantage of this is that the application of
PDT can be extended to a site previously limited by achieving
adequate exposure.

Photochemical internalization

Berg et al. in 1999 ¥ examined photochemical internalization
(PCI) as a novel technique for releasing macromolecules from
endosomes and lysosomes into the cytosol. They concluded
that PCI would be an ideal drug delivery tool in gene therapy
and that it may potentially be combined with other principles
like the use of disease-specific drugs, opening a possibility of
obtaining substantial synergistic effects in the specificity of
drugs for target cells such as in cancer treatments. In 2001,
1531 the same group conducted an in vivo study to evaluate the
therapeutic potential of PCI of the type I ribosomal-inactivating
protein gelonin, where the results showed that the synergistic
effect of combining photoactivation of photosensitizer located
in endocytic vesicles and gelonin is indeed a result of PCI of
gelonin. In 20035, B9 they then introduced bleomycin as the
chemotherapeutic agent of choice for PCIL.

It is reported that two clinical and pathological parameters are most
important when it comes to assessing the progression, recurrence or
morbidity of a tumor; the surgical margin and nodal involvement.
57 The surgical margin is a major player in assessing the disease
status. Norum et al. in 2009 ¥ showed that PCI was more effective
that PDT in the tumor periphery in vitro.

Conclusion

In summary, PDT is a promising new method and has been
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shown to have significant parameters of success in the treatment
of head and neck lesions. As a relatively new treatment modality
further studies are needed to show its potential and its range of
applications as a single treatment or in combination with other
approved or experimental therapeutic approaches.

The main and most important advantage of PDT compared with
surgery or radiotherapy is that reduced long-term morbidity.
PDT does not compromise future treatment options for recurrent,
residual or second primary disease. Research efforts are
focusing on optimizing treatment options by way of improving
photosensitizer drug development, light delivery techniques,
and devices and the development of real time monitoring during
the treatments.
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