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Summary 

Introduction: Oral Squamous Cell Carcinoma (OSCC) is with 90% the most common type 

of malignant lesion that can be found within the oral cavity. Its aetiology is based on the 

combination of both environmental and genetic factors. The early diagnosis within the 

dental clinic is essential for the treatment outcome. Nowadays there are available a wide 

variety of treatment approaches including gene therapy. Gene therapy is a recent 

approach, based on the concept of correcting or replacing a malfunctioning gene 

without damage to surrounding tissue.   

Objectives: The main objective is to analyse the effectiveness of gene therapy in the 

treatment of oral squamous cell carcinoma in comparison to other treatment options. 

Methodology: For the literature search electronic databases, relevant publications, 

abstracts, and books were accessed. The databases considered, included Medline, 

PubMed, Academic Search Ultimate and Google Scholar.  

Results and Discussion: All the treatment approaches including chemotherapy, 

radiotherapy, surgery, immunotherapy, photodynamic therapy, COX-2 inhibition and 

gene therapy have their advantages and disadvantages. Their use depends on the stage 

of the disease as well as the individual characteristics of the patient.  

Conclusion: Gene therapy is a suitable treatment approach for OSCC, especially for more 

advanced stages of OSCC. It needs to be considered that the most effective treatment 

outcomes can be found in combination with other treatment approaches.  

 

 



 
 

Resumen 

Introducción: El carcinoma oral de células escamosas (COCE) es con 90%, el tipo de 

lesión maligna más común que se puede encontrar dentro de la cavidad oral. Su etiología 

se basa en la combinación de factores ambientales y genéticos. El diagnóstico precoz 

dentro de la clínica dental es fundamental para el resultado del tratamiento. Hoy en día 

existe una amplia variedad de enfoques de tratamiento, incluida la terapia genética . La 

terapia genética es un enfoque reciente, basado en el concepto de corregir o reemplazar 

un gen que funciona mal sin dañar el tejido circundante.  

Objetivos: El objetivo principal es analizar la efectividad de la terapia genética en el 

tratamiento del COCE en comparación con otras opciones de tratamiento.  

Metodología: Para la búsqueda de literatura se accedió a bases de datos electrónicas, 

publicaciones relevantes, resúmenes y libros. Las bases de datos consideradas 

incluyeron Medline, PubMed, Academic Search Ultimate y Google Scholar. 

Resultados y discusión: Todos los enfoques de tratamiento, incluyendo quimioterapia, 

radioterapia, cirugía, inmunoterapia, inhibición fotodinámica, inhibición de COX-2 y 

terapia genética, tienen sus ventajas y desventajas. Su uso depende de la etapa de la 

enfermedad y de las características individuales del paciente.  

Conclusión: La terapia genética es un tratamiento adecuado para COCE, especialmente 

para estadios más avanzados. Debe tenerse en cuenta que los resultados de tratamiento 

más eficaces se pueden encontrar en combinación con otros enfoques de tratamiento. 
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1. Introduction 

Oral squamous cell carcinoma (OSCC) is a type of malignant lesion located in the oral cavity. It 

can be stated that OSCC is with 90%, the most common malignancy found in the oral cavity. 

At the same time, it is the 6th most frequent cancer in the whole world and 500.000 new cases 

can be identified each year (1).  

This disease can be frequently found in the dental practice, therefore dental practitioners and 

medical doctors should have a sufficient knowledge of this disease in order to make an early 

diagnosis, including a proper screening and proceed with the most suitable treatment. 

Considering that, the main notions about OSCC’s aetiology, pathology, diagnosis, and 

treatment options are going to be explained in order to review the main characteristics of this 

disease (1).  

1.1. The disease 

1.1.1. Aetiology 

The aetiology of the disease can be explained thanks to a combination of different factors, 

including environmental and genetic factors.  

With respect to environmental factors related to the lifestyle, two factors have shown to have 

a huge impact on OSCC. Hereby smoking and drinking of alcohol, have been stated to be the 

most important risk factors (2). 

According to recent studies, cigarettes consist of more than 60 chemical carcinogens, such as 

polycyclic aromatic hydrocarbons, aromatic amines, aldehydes and volatile organic 

hydrocarbons, and metals (3). These can lead to side effects as for example mucosal alteration, 
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discoloration and edema of the skin (2). Also, the chewing of betel nuts and gutka, commonly 

practiced in South Asia is explained to have an impact on this disease (4).  

Alcohol has been suggested to affect the metabolism of cells and hereby easing the entrance 

of carcinogens into the cells. However, it also must be considered that often alcohol and 

tobacco are consumed in combination, making it complicated to determine their individual 

effect as a risk factor (4).  

Moreover, recent experiments suggest the effect of biological factors, including the role of 

viruses as a risk factor. Hereby especially the Human Papillomavirus (HPV) and Herpes 

Simplex virus need to be considered. Infections of both viruses are mainly sexually 

transmitted. The serotype HPV-16 serotype is most commonly related to OSCC, while other 

serotypes including HPV-18, HPV-31 and HPV-33 can also be involved. The presence of oral 

sores caused by the Herpes simplex virus is a possible precancerous stage in the development 

of OSCC(4). 

Another biological factor that could be involved in the origin of the disease are candida 

infections within the oral cavity. They have been recognized to produce an increased amount 

of dysplasia and malignant transformation in the tissue present. However, this association has 

mainly been investigated in animals and there exists not sufficient research in humans (4).  

Furthermore, a link has been made between a diet rich in vegetables and fruits and a 

decreased risk of developing OSCC (4). Hereby, a diet based on the consumption of high 

amounts of carotenoids, vitamin A and C, folic acid and antioxidants present in fruits and 

vegetables, could be protective and result in a preventative effect against OSCC (5).  
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However, there are not only environmental factors increasing the risk of being affected by 

OSCC but also genetic factors.  

It has been reported that 10% of all OSCCs have been linked to a genetic susceptibility, with a 

high occurrence within certain families and ethnic groups. An example hereby is the Ashkenazi 

group in Israel with a twice as high occurrence rate in comparison to the general Jewish 

population (4).  A possible correlation can be made due to endogamy caused by interbreeding 

within the same racial community, and hereby giving on defective gene sequences to the 

following generations (6).  

Apart from this, it seems that gender plays a role as a risk factor. It has been identified that 

OSCC is more often found in males in comparison to females with a ratio of 2:1. Moreover the 

mean age of diagnosis with OSCC lies at 62.3 years. Hereby females (67 years) are diagnosed 

in average at an older age than males (59.9 years) (7). 

Finally, oral squamous cell carcinoma has also been linked to specific genetic disorders 

including Fanconi anaemia (FA) and Dyskeratosis congenita (DC) (8). 

FA is a is a rare but serious blood disease resulting in an impaired response to repair DNA 

damage. It is considered a bone marrow failure syndrome (mainly autosomal recessive) and 

patients show clinical signs of skin, skeletal, genitourinary, gastrointestinal, cardiac as well as 

neurological anomalies. FA is commonly diagnosed in young patients and is associated with 

an increasing loss of all bone marrow production of different hematopoietic cells, including 

red blood cells, white blood cells, and platelets. These individuals have an increased risk of 

developing a cancer in the bone marrow called acute myeloid leukaemia (AML), or tumours 

of the head, neck, skin, gastrointestinal system, or genital tract. As it has been mentioned 
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before, people affected by this disease, have an 800 times higher risk of being affected by 

head and neck oral squamous cell carcinoma (HNSCC) (8, 9). 

DC is also a rare disease that encounters a bone marrow failure syndrome (X-linked or 

autosomal). Clinical signs include abnormal skin pigmentation, nail dystrophy and leucoplakia 

of the mucosa. Moreover, abnormalities in other locations as in the oral cavity, 

gastrointestinal tract, neurological system and lungs can be identified. DC is also most often 

diagnosed at a young age, and although the main cause of mortality in these patients is related 

to bone marrow failure, other causes such as the formation of malignant tumours and the 

development of pulmonary diseases could be involved. People affected by this disease have a 

1100 higher risk of being diagnosed with HNSCC (8,9). 

HNSCC is a classification of cancer which can include several different locations, including the 

pharynx, larynx, nasal cavity, middle ear, salivary and thyroid gland, soft tissue and bone in 

that area, as well as the oral cavity. Herby it can be stated that the most frequent locations 

(90%) where HNSCC can be found, include the oral cavity and larynx. Therefore, patients 

affected by FA and DC have an increased risk for squamous cell carcinoma in the head and 

neck area, with specific increased occurrence in the oral cavity (OSCC) (10).  
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1.1.2. Pathology and symptoms 

Definition and Classification of Neoplasm 

A neoplasm can be defined as an accumulation of abnormal tissue which is produced by a 

rapid and uncontrolled cell division without the presence of regular programmed cell death 

(apoptosis). Hereby the neoplasms can be classified into two different groups, the benign and 

the malignant neoplasm (11). 

The benign neoplasm is described as a tumoral growth, which has the ability to increase in 

size, without advancing to surrounding tissues or organs (11). 

The malignant neoplasm is outlined as a tumoral growth that rapidly increases in size and that 

advances  to the surrounding tissue, blood, lymph system and other organs. Theses secondary 

tumours are called metastasis. Malignant tumours are also called cancer (11). 

Tumour cells have specific characteristics which can explain their behaviour in the human 

body. These include the concept of clonality, autonomy, anaplasia and metastasis (12). 

The basis of the formation of a tumour is the abnormal formation of one individual cell due to 

mutations (genetic changes) which then will continue dividing. This is the concept of clonality 

(12).  

The cell development and division are disturbed by outer environmental effects, not allowing 

the normal cell cycle division.  This concept is called autonomy (12). 

For a normal cell development, it is essential for the cell to differentiate and specialize in a 

specific action, however this is absent in cancerous cells, making them poorly differentiated. 

This concept is called anaplasia (12).  
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Malignant tumours have the ability to advance and invade surrounding tissue. This concept is 

called metastasis (12). 

OSCC is a type of malignant neoplasm and therefore also presents all the previously 

mentioned characteristics. 

It is highly important the study of both the macroscopical and microscopical characteristics 

of OSCC.  

From the microscopical point of view OSCC can be classified into five histological stages 

depending on the development of the epithelial tissue. The stages include normal mucosa, 

hyperplasia, dysplasia, carcinoma in situ and invasive carcinoma. Each stage shows both 

different microscopical differences as well as genetic variations (13). 

Microscopical  

The normal mucosa, when investigated under the microscope, shows no abnormal cellular 

alteration. According to the WHO classification (2005) the first stage of abnormal alteration is 

hyperplasia where a higher number of cells in different layers can be identified. Hereby also 

genetic modifications can be detected, including the 9p21 LOH and the CDKn2A inactivation 

(13).  

The second stage is the dysplastic stage, which can be classified into mild, moderate, and 

severely dysplastic. In the mild dysplasia only the lower third of the epithelium shows 

abnormal cellular changes. In the moderate dysplasia it affects both the lower and middle part 

of the epithelium. In the severe dysplasia, there will be an affection of more than the lower 
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and middle part of the epithelium.  Hereby also genetic alterations can be detected, including 

the 3p21, 17p13LOH as well as TP53 inactivation (13).  

In the third stage, the carcinoma in situ, it can be identified an almost entire abnormal 

epithelium, as well as abnormal cellular structures. Hereby again new genetic changes can be 

identified, including 11q13, 13q21 and 14q32 LOH as well as CCND1 amplification (13). 

The last stage is the development into an invasive carcinoma, where the abnormal cellular 

tissue will spread to surrounding areas. Herby abnormal genetic changes affect 6p, 8, 4q27 

and 10q210q23 LOH and PTEN inactivation (13). 

A graphic explanation can be seen below in Figure 2, showing the different microscopical 

stages and genetic changes.  

Figure 1. Progression of the different Histological Stages including Normal Mucosa, 

Hyperplasia (precancerous), Dysplasia (precancerous), Carcinoma in Situ (stage 0) to Invasive 

Carcinoma (stage I to IV, depending on extension and metastasis) and the corresponding 

Genetic alterations Of OSCC (14). 
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From a macroscopical point of view it is possible to detect precancerous as well as cancerous 

lesions. Lesions indicating for a possible affection with OSCC can include exophytic, endophytic 

as well as white or red patches or a combination of all (15).  

• Exophytic lesions consist of a papillary or verrucous surface and the detailed 

characteristics can depend on the existence of ulceration and keratinization (15). 

• Endophytic lesions consist of ulcerated lesions with fixated tissue below and raised 

margins. There is the possibility of white or red coloration around the margins (15). 

• Heterogenous red/white patches which are called erythroplakia are considered more 

malignant than homogenous white lesions called leukoplakia (15). 

However, there can also be a combination of several aspects, as for example ulcerated tissue 

with red or white lesions (15). 

In the following figures, it can be seen different clinical appearances of precancerous lesions, 

which have the potential to develop into OSCC.  

 

Figure 2. Precancerous lesion: Leukoplakia with a flat white appearance in the lateral side of 

the tongue (16). 

Irregular and flat borders 

White lesion with dimension of  

3cm x 2 cm 
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Figure 3. Precancerous lesion:  Erythroplakia located on the soft palate with severe dysplasia 

(16). 

 

Figure 4. Precancerous lesion: Leukoerythroplakia in the lateral side of the tongue, elevated 

and irregular borders with white and red colour (16). 

 

Figure 5. Precancerous lesion: Verrucous Leukoplakia present in the gingiva and alveolar 

mucosa in a patient without remaining teeth (16). 

Irregular and flat border 

Red lesion with dimension 3cm x 

2cm 

Red lesion 

White lesion  

Irregular and elevated border 

White lesion with dimensions 3cm x 

3cm 

Irregular and flat borders 
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To determine the difference between a precancerous and cancerous lesion, it is essential to 

do a histological analysis of the tissue under the microscope. From a macroscopical point of 

view it can determined the abnormality of the cellular growth from a visual point of view, 

however the microscopical study is essential to determine the shape, size and structure of the 

cells giving an indication for the amount of cellular abnormalities within the epithelium. Figure 

6 hereby indicates the correlation between the microscopical and macroscopical appearance 

of both precancerous and cancerous lesions (17).  

 

Figure 6. Correlation between macroscopical, microscopical aspects as well as genetic 

alterations of the OSCC (17). A : Indicates the progression from hyperplasia until carcinoma 

which can be identified within an intraoral examination (macroscopical) ; B : Indicates the 

progression from normal mucosa until carcinoma through microscopical study ; C : Indicates 

the genetic alterations during the development of OSCC 
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When diagnosing both precancerous and cancerous lesions, it is highly important to not only 

investigate the appearance of the lesion in terms of size, number, colour, surface and border 

but also take into account the location of the lesion. Hereby the location can give indications 

about the possible malignancy. The floor of the mouth, retromolar area and lateral border of 

the tongue have been identified as areas with increased risk of malignancy, and therefore 

development of an invasive carcinoma (7).  

The most common site of location of OSCC is the border of the tongue, alveolar mucosa, 

gingiva, floor of the mouth and ventral surface of the tongue (from highest to lowest 

occurrence) (7). 

The border of the tongue is the most frequent area of location in America and Europe, while 

the buccal mucosa is the most frequent location in South Asia due to the habit of tobacco 

chewing (7).  At the time of diagnosis, the tumour generally already shows an increased size 

of up to 4 cm (mean size of 3.4 cm) (7).  

Most patients realize about the existence of a lesion around 10 months (mean time) before 

being diagnosed with OSCC. This indicates that it takes 10 months from the appearance of the 

lesion until the correct diagnosis with OSCC is being made (7). This delay in diagnosis is caused 

by the lack of symptoms in the patient and the small size of the tumour in early stages of the 

disease. Generally, the delayed diagnosis of OSCC is a severe issue, and can be addressed by 

regular dental check-ups as well as a check-up by a specialist in oral pathology in case of 

uncertainness or insufficient knowledge by the dental professional (18). Hereby an early 

diagnosis of the precancerous lesions, histological study and follow up are essential basic 

aspects.  
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In order to stage the OSCC after its diagnosis, the TNM staging system (by the American Joint 

Committee) can be used. This is an essential part to determine the treatment approach later 

on.  It is based on the size of the tumour, lymph node affectation and metastasis (18).  

Hereby T1 is ≤2 cm; T2 is >2-4 cm; T3 is >4 cm and T4 indicates an invasive tumour (18). 

Furthermore N0 indicates that no lymph nodes are affected, N1 that one lymph node is 

affected with less than 3 cm, N2a that one lymph node of the same side is affected (3-6 cm), 

N2b that more than one lymph node on the same side is affected (3-6 cm) and N2c that both 

lymph nodes are affected or the lymph node on the opposite side of the cancer (3-6 cm) 

without invasion of surrounding tissue. N3a defines a lymph node affection of more than 6 cm 

and N3b an additional invasion of the surrounding tissue. M0 specifies the absence of 

metastasis, while M1 the presence of metastasis (19).  

From the combination of size, lymph node affectation and metastasis we can then determine 

the stage of the disease. This can be seen in the table below (19).   

 Stage O  Stage I Stage II Stage III Stage IVA Stage IVB Stage IVC 

Option 1 Carcinoma 
in situ 

(superficial 
layer) 

T1 

N0  

M0 

T2 

N0 

M0 

T3 

N0 

M0 

T4a 

N0 or N1 
M0 

Any T 

N3 

M0 

Any T 

Any N 

Any M  

Option 2    T1/T2/T3 

N1 

M0 

T1/2/3/4a 

N2 

MO 

T4b 

Any N 

M0 

 

Table 1. TMN Staging System indicating the different stages (0, I, II, III, IVA, IVB, IVC) and the 

corresponding options for each stage, determined by the size (T), lymph node affection (N) 

and metastasis (M) (19).  
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Figure 7. Example of TMN staging of Oral Squamous Cell Carcinoma in buccal mucosa (T2, 

N0, M0- Stage II) (15). 

 

1.2. Diagnostic techniques of OSCC 

There exists a variety of diagnosis techniques to ensure an early diagnosis in the dental office.   

1) Vital Staining 

2) Auto-Fluorescence 

3) Histology 

4) Cytology 

5) Imaging (Positron Emission Tomography- PET) 

To identify their main advantages and disadvantages a summary of each is explained in the 

following table (Table 1). 

 

 

Elevated borders 

Ulcerated appearance 

Combination of white and red 

colour 
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Type of Diagnosis 

Method 

Description    Advantages Disadvantages 

Vital Staining (20) Dyes (most commonly 
toluidine blue) are used to 
colour cells with different 
ranges of colours depending 
on their amount of 
reproduction.   

Can detect areas of tissue 
with an increased amount 
of cell reproduction. 

Not sufficient to make a final 
diagnosis. 

Biopsy is needed (invasive 
method). 

Auto-Fluorescence 
(20) 

Use of fluorescent light to 
detect differences between 
the cellular tissue.  

Helps in the localization of 
lesions and can determine 
its limits. 

Biopsy is needed to confirm 
malignancy (invasive 
method). 

Histology (Biopsy) 

(20) 

Excisional biopsy of the 
affected lesion with a safety 
margin to detect epithelial 
dysplasia. 

Determines the degree of 
dysplasia (possible 
malignant 
transformation) 

Can identify OSCC at an 
early and yet invisible 
stage. 

Invasive method (Biopsy). 

Cytology (20) Microscopic study of a 
sample of the tissue. 

Not invasive as it takes 
samples from the mucosal 
surface through smears or 
fine needle aspiration. 

Can only be used when the 
lesion is already visible. 

Imaging (PET) (20) Use of Positron emission 
tomography indicating the 
degree of metabolism of the 
tissue. 

Not invasive technique 
takes cross sectional 
images of the tissue. 

Measures tissue 
metabolism and identifies 
dysplasia 

Biopsy is needed to confirm 
the malignancy. 

Table 2. Diagnosis techniques in OSCC and their corresponding Advantages and Disadvantages 

Comparing the possibilities for an early diagnosis of OSCC, biopsy followed by a 

histopathological examination are the most reliable methods. These are the techniques which 

are most likely being used within the dental practice (20).  
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1.3.  Treatments 

There exist a variety of treatment options for OSCC. As an introduction, a description of the 

available treatments is going to be made.  The advantages and disadvantages as well as their 

application in the different stages of OSCC will be explained in discussion and results. 

A. Surgical Removal 

B. Chemotherapy 

C. Radiotherapy 

D. Treatment with COX-2 Inhibitors 

E. Photodynamic Therapy 

F. Immunotherapy 

G. Gene Therapy 

 

A. Surgical removal is a highly relevant treatment approach and is often used in 

combination with Radiotherapy and Chemotherapy. Within the surgical excision of the 

OSCC it needs to be considered the value of the safety margin of at least 10mm, the 

size of the initial tumour, depth, ability of mouth opening, possible mandibular 

affection as well as the abilities of the oral surgeon (21).  

 

B. Chemotherapy uses different drugs to achieve the treatment of different types of 

cancer. It is a treatment approach which works systemic as it is injected into the body. 

Chemotherapy drugs hinder the division and reproduction of cancer cells. They can be 

used individually or in combination and target either the cancer cells within the body 
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or specific sites or processes. Therefore, it has the ability to treat both primary and 

secondary tumours. There are available several types of drugs which can be used 

depending on the type of cancer, location and dimensions (22). 

The most used include Docetaxel, Cisplatin, 5-fluorouracil and Carboplatin.  

The function of Docetaxel as a chemotherapeutic drug is based on the tubulin polymer 

stabilization as well as the inhibition of the cell cycle of the cancerous cells.   

It stimulates the assembly of tubulin in stable microtubules by inhibiting their 

polymerization, which leads to a decrease in free tubulin. Therefore, it alters the 

tubular network of cells that is essential for the vital functions of mitosis (for the cell 

division of dividing cells) such as cancer cells (23).  

Cisplatin and carboplatin are alkylating agents, impeding DNA synthesis by the 

construction of cross-links within or between DNA strands. However, the synthesis of 

proteins and RNA is not as much decreased. It also provides immunosuppressive, radio 

sensitizing and antibacterial effects (24).  

In the case of carboplatin, it has a lower activity reported against cancer cells, but due 

to its low reactivity, it also has longer effects (25). 

5- fluorouracil is part of the group of antimetabolites and is based on the process of 

modifying both the DNA and RNA of dividing cells, among them also the cancerous 

cells. Its effectiveness is based on the irreversible attachment to the enzyme 

thymidylate synthase, required for the production of thymine nucleotides (26).  
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C. Radiation therapy is a treatment approach where increased doses of radiation are 

used to damage the genetic material, leading to a decreased growth or death of the 

cells. There exist different types, including the external beam radiation therapy as well 

as the internal beam radiation therapy. The choice depends on the type of tumour, its 

location and dimensions. In external beam radiation the source of radiation will be 

applied from the outside of the body and will be directed to a specific area. In the 

internal radiation therapy, the source will be within the body. Brachytherapy which is 

a form of internal radiation consisting of a solid source, also aims a specific location 

within the body.  Most used for the treatment of OSCC is the Brachytherapy, which can 

be divided into Low-dose radiation (LDR) or High dose radiation (HDR). LDR is an 

approach where less radiation is given over a longer time, while HDR is given over a 

short time with intense radiation. HDR is the more advanced approach which is more 

effective but at the same time also more aggressive (27).  

 

D. Treatment with COX-2 Inhibitors: Cyclooxygenase (COX) enzymes are enzymes which 

are essential for the development of arachidonic acid into prostaglandins. COX-1 can 

be found within the body under normal conditions as for example in the gastric 

mucosa, while COX-2 can be found in elevated levels in case of an inflammation within 

the body (2). In the presence of cancerous cells, the COX-2 levels are elevated. Those 

elevated levels of COX2 could be found in correlation with a stop in apoptosis, 

decreased immune response, increased invasiveness of the tumour and higher 

probability of the formation of mutagens (28).  
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E. Photodynamic Therapy 

Photodynamic Therapy is a non-surgical treatment approach which is based on 

photosensitive, using light and oxygen. The combination of these three parts together 

leads to a toxic process with causes the death of cells or necrosis of the cancerous tissue. 

It is applicable in dysplastic and premalignant lesions as well as cancerous lesions like OSCC 

(29).   

F. Immunotherapy 

Immunotherapy is a treatment approach based on the improvement of the immune 

response of the patient as well as increasing the immune potential of the cancerous cells 

within the tissue. Through research it has been seen that OSCC patients have fewer 

immune cells, like natural killer cells, T-lymphocytes and cytokines (30). There are different 

types of immunotherapy, including Immune checkpoint inhibitors, T-cell transfer therapy 

as well as with Monoclonal antibodies. The presence of immune checkpoints is essentially 

in inhibiting the occurrence of exaggerated immune responses, which could lead to the 

elimination of normal cells. However, these checkpoints can also inhibit the destruction of 

cancerous cells. This can occur when the proteins of the T cells (also called immune 

checkpoint proteins) bind to the cancerous cells, hereby causing a stop signal to the T cells 

and the cancerous cell is not eliminated.  Immune checkpoint inhibitors hereby stop the 

binding of the two proteins and therefore no stop signal is sent to the T-cell. This results 

in the destruction of the cancer cell and is therefore useful in cancer therapy. T-cell 

transfer therapy is used to help the already present T-cells to act more strongly. Herby the 

most active immune cells within the cancerous lesion are extracted, modified and 
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amplified outside the body before they are being returned to the patient. Monoclonal 

antibodies have the ability to attach to selected locations on the cancerous cell, hereby 

marking the cell, which makes it easier to be detected by the immune system. They are 

produced within laboratory conditions before being implanted into the patient’s body 

(31).  

G. Gene therapy (GT) 

Definition of gene therapy according to Spanish law that comes from the transposition of 

several European Directives about new advances in medicines.  

According to the Spanish law “RDL 1/2015 de 24 de julio, por el que se aprueba el texto 

refundido de la Ley de garantías y uso racional de los medicamentos y productos 

sanitarios” (32) 

A "gene therapy drug" is considered a highly developed therapy drug which is fabricated 

through different procedures, so that the prophylactic, diagnostic or therapeutic gene (for 

example a part of the nucleic acid) can be carried through the in vivo or ex vivo technique 

to a cell. This system is based on the use of vectors. These vectors can be incorporated in 

a human or animal cell (32).  

In general gene therapy can be described as a type of treatment where a therapeutic 

gene is inserted into cells, that replace or not the endogenous gene, or that modifies it in 

a way that a malfunctioning gene could be re-stablished. This should happen without 

leading to any damage to the neighbouring cells and tissues (33). 
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Gene addition therapy for OSCC is based on the approach of placing tumour suppressor genes 

into the cancerous cells, causing cell death. The required checkpoints within the cell cycle, 

which are responsible for stopping a mutated cell in its development, did not work probably, 

leading to the development of cancerous cells. The transcription factor p53 is hereby of high 

importance within the cell cycle, as it has the potential to cause the stop of the cell cycle or its 

death. Hereby it can arrest the cell cycle at G1 and G2/M phases in case of mutations as well 

as it can lead to transcription silencing, making the continuation of the cell cycle impossible 

and therefore DNA replication.  As the cell is being checked already at the G1 phase, this makes 

it possible for the cell to be repaired before re-entering into the cell cycle.  Therefore, p53 is 

both responsible for the checkpoints within the cell, as well as the possible repair in case of 

damages, giving it its name as the “guardian of the genome”. It can be made a connection 

between the importance of the correct functioning of p53 and the prevention of the 

development of cancerous cells (34,35,36).  

1.4. Gene therapy as a treatment in different diseases 

In accordance with the previous definition, GT can be a treatment option for several 

pathologies, and therefore can be used for bone repair, salivary gland disorders, implant 

osseointegration, relief of chronic pain, periodontal problems as well as head and neck oral 

cancer (37).   

As a background information, in this section, the main characteristics of gene therapy are 

going to be explained. 
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1.4.1. Ex-vivo versus in-vivo modifications. 

In general terms, there are two main ways of practising GT options, either by the ex-vivo 

modification, or by in-vivo modification.  

• In the ex-vivo technique, the transfer of the gene into the required cells is done outside 

the body. This involves the modification of the target cells from a particular tissue (such 

as the hematopoietic stem cells from blood or the mesenchymal stem cells from 

adipose tissues) in the laboratory, and then their re-infusion to the patient. After the 

successful modification, the modified cells are inserted back into the body of the 

patient (33).  

• In the in-vivo technique the therapeutic gene is transferred directly into the target 

tissue of the patient, such as muscle cells in muscular dystrophy patients of Duchenne 

muscular dystrophy (DMD), or Becker muscular dystrophy (BMD) (38). 

1.4.2. Different types of GT 

According to different studies, nowadays there are three main types and techniques to apply 

gene therapy including: 

a. Gene addition therapy 

b. Gene replacement either by means of gene correction or knock-in 

c. Suppression strategy or gene excision therapy 

Gene addition therapy consists in the introduction of a therapeutic gene into the affected cell 

with the outcome of either protecting the targeted cell or healing the disease or abnormalities 

present.  
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When healing a disease, the introduced gene will affect a specific part of the underlying 

disease mechanism (39).  

  

Figure 8. Gene addition process (39): through the addition of a therapeutic gene a disease can 

be prevented 

Gene replacement can be achieved by either gene correction or knock-in. Targeted knock- in 

consists in the insertion of a cDNA of the therapeutic gene into the affected cell. Hereby the 

genetic regulation of the gene is not affected.  The gene correction therapy is based on the 

replacement of a short defective sequence by introducing a new corrected sequence into the 

affected cell (40).  

 

Figure 9. Gene replacement through gene correction (replacement short defective sequence) 

or knock-in technique (inserted cDNA) (40). 
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Suppression or gene excision therapy is based on the concept of decreasing or eliminating 

the expression of specific genes within the affected cells (41).  

And finally, in general, within gene therapy, there are two main modalities, the targeted and 

non- targeted gene therapy. In the targeted gene therapy, the genetic material is directed 

towards a specific part of the genome. In the non-targeted gene therapy, it is not directed 

towards a specific location. Classical gene therapy is a non-targeted gene therapy as previous 

tools could not be so specific to modify the genetic material exactly (37).  

1.4.3. Molecular Tools used in GT 

In order to be able to transfer the therapeutic gene into the required cell, a specific tool needs 

to be used which is called carrier or vector (33). It exists two different types of vectors, the 

viral and non-viral vectors. Both Viral vectors and Non-viral vectors could be introduced by 

different techniques. It is referred to transduction for viral vectors and transfection for non-

viral ones. A detailed description of them is given.  

• A viral vector is a virus that has been attenuated, reducing its infectious risk, and 

therefore making it safe to use for gene therapy.  It has the ability to enter into the 

required host cell and hereby insert the therapeutic genetic material.  

The ideal characteristics of a viral vector include the high success rate of gene transfer as well 

as a safe transfer without causing an immune response.  

A variety of viruses are used nowadays including adenovirus, adeno associated virus and 

retrovirus (42). Each viral vector has their own advantages and disadvantages. Adenovirus 

vectors show a high success in gene transfer and producing them is an easy procedure, while 
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it can lead to an intense immune response. Adeno-associated vectors also show a high 

success in gene transfer, a constant expression of the therapeutic gene and a low immune 

response, however the gene to be transferred needs to be of a small size. Retroviral vectors 

show a low level of immune response and constant gene expression; however, the transfer 

success is lower (42). 

The use of a viral vectors leads in general to an increased risk of immune response and 

therefore infectious risk, even though the viruses are attenuated before using them for gene 

therapy, by removing a sequence of the genome fragment. This makes the treatment 

approach with viral vectors more susceptible to unwanted effects (43).  

• Non-viral vectors are naked DNA, both particle and chemical based. They can be 

delivered to the target cells as naked genetic material (oligonucleotides, DNA, RNAS, 

transposons) (30,33)   or in association with different compounds such as lipoplexes or 

complex polypeptides, oligosaccharides, gelatine or polyamine nanospheres.  

Different physicochemical methods can be used for transfection. Hereby examples include 

Gene gun transfer, Sonoporation, Electroporation and Magnetofection (44).  

Each non-viral vector has their advantages and disadvantages.  

The gene gun shows high levels of safety and is commonly used for ex vivo gene transfer, while 

it cannot be used for cells located deep in the tissue (44).  

Magnetofection is a technique which is mainly used in case of cells which are more 

complicated to transfer, therefore the capability of transfer is not very high. At the same time, 

it is a safe technique, not damaging the cells (44).  

https://www.sciencedirect.com/topics/medicine-and-dentistry/polyamine
https://www.sciencedirect.com/topics/medicine-and-dentistry/nanosphere
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Electroporation indicates for a successful transfer efficiency as well as the possibility to 

transport proteins, while it leads to possible damage in cells and tissues. Furthermore, this 

method cannot be used for reaching deeper areas inside the body (42, 44). 

In general, it can be stated that, despite their safety, ability to avoid the immune response and 

ability to carry large amounts of DNA, they have a poor transfer efficiency, and a short time of 

expression.  

Below are summarized the main advantages and disadvantages of both methods in Table 3, 

as well as a Figure 10 explaining in a simple way the procedure of gene therapy with viral and 

non-viral vectors. 

Type of Vector Advantages Disadvantages 

Viral (42) • High success rate of gene transfer as 

well as a constant and stable 

expression in the majority of viral 

vectors (Adeno and Adeno associated 

vector) 

• Lower level of safety due to higher risk of 

infection and immune response to the 

virus 

• Inability to reach deeper tissue  

(gene gun and electroporation) 

Non-Viral (44) • High level of safety of gene transfer 

• Low risk of immune response (adeno 

associated and retrovirus) 

• Lower success rate of gene transfer 

(magnetofection) 

• Lower stability of gene expression 

Table 3. Summary of the main characteristics of viral and non-viral vectors used in GT. 
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Figure 10. Gene modification using Viral and Non-viral vector (42). In the first phase DNA with 

a therapeutic gene is inserted into a plasmid, forming a recombinant plasmid. The second 

phase depends on the use of viral or non-viral vectors. In case of a viral vector a transduction 

takes place forming a genome with the therapeutic gene. In case of non-viral vector, a 

transfection through a liposome occurs, forming a lipoplex.  
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2. Objectives 

Main Objective: To analyse the effectiveness of gene therapy in the treatment of oral 

squamous cell carcinoma in comparison to other treatment options. 

Secondary objectives 

1) To establish the effectiveness rate of gene therapy in the treatment of OSCC.  

2) To assess the effectiveness rate of surgery in the treatment of OSCC  

3) To establish the effectiveness rate of chemo and radiotherapy in the treatment of 

OSCC 

4) To measure the effectiveness rate of Immunotherapy in the treatment of OSCC 

5) To analyse the effectiveness rate of Photodynamic therapy in the treatment of OSCC 

6) To evaluate the effectiveness rate of COX-2 Inhibition therapy in the treatment of OSCC 

3. Methodology  

Literature Search and Research Methods 

The purpose of this paper consists in the analysis of gene therapy as a treatment option for 

OSCC based on recent research.  

For the literature search the Biblioteca Crai Dulce Chacon was accessed, including the use of 

electronic databases, relevant publications, abstracts, and books. The databases accessed 

included Medline, PubMed, and Academic Search Ultimate. For further research, publications 

within Google Scholar were considered.   

Concerning the applied search strategy key words were used to narrow down the available 

information. These included “Oral squamous cell carcinoma”, “Gene therapy”, “Oral cancer”, 
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“Treatment”, “Diagnosis”, “Viral/Non-Viral Vector”, “Chemotherapy”, “Radiotherapy”, “COX-

2 Inhibitor”, “Photodynamic therapy”.  

Inclusion criteria included relevant publications, studies, and books with a publication date 

mostly within the last 20 years.  However also older publications were included in order to be 

able to compare how the treatment approaches for OSCC have developed in the past decades. 

The language of the chosen publications was set to be English, Spanish, or German.  

Exclusion criteria included articles before the year of 2000, as treatment options have 

developed significantly in the past decades and hence this information is not up to date 

anymore. In vitro and animal studies were excluded, as they are not relevant for studying 

OSCC within a human population. 

It was considered a wide range of studies, including clinical trials, meta-analysis, systemic 

reviews, and case studies. The most relevant studies researched, were selected to be included 

in this review.  Hereby it was considered the heterogeneity of results in different meta-analysis 

and systematic reviews as well as the decreased internal validity of case studies, due to their 

lack in reproducibility and decreased number of participants.  

This work could be the basis for a more in-depth research about this topic for a future 

publication in a scientific journal. 
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4. 1    Results  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Graphic indicating based on which criteria the included studies have been chosen 

(out of 31 studies which have been considered, 13 were selected based on publication year 

and relevance to the topic) 

Due to the wide variability and constant changes and improvements of treatment options for 

OSCC it is of high importance to understand each treatment option, their applications, 

advantages and disadvantages and the comparison between all of them, to be able to choose 

the most appropriate approach for each patient.  
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Search (n=12) Ultimate 
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Studies included in 

revision (n=13) 

Studies about 

other treatment 
options (n=10) 

Studies about 

gene therapy(n=3) 
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Surgical Approach for the treatment of OSCC 

The sole use of surgical excision is often used for the removal of the primary tumour, especially 

in cases with an early diagnosis and hence a decreased tumour size. However, it is also a 

suitable method for the excision of metastasis in lymph nodes (38).  

Several studies have investigated the effect of surgical removal of OSCC on its own, as well as 

in combination with other treatment approaches like radiotherapy or additional more invasive 

surgical approaches like the neck resection.  

The following table summarizes the studies about the surgical approach considered for this 

revision.  

Reference and Year Number of 

patients 

Sex Objective Significant Findings 

Yookyeong et al. 

(2019) (46) 

67 patients Male: 45 

Female: 22 

Survival rate of OSCC after 

surgical intervention 

Survival rate in stage I and II is 

100% 

Overall survival rate is 71.6% 

Hutchinson et al. 

(2019) (47) 

250 patients Female and 

male 

patients 

Survival rate of OSCC after 

tumour resection in 

comparison with additional 

neck resection surgical 

intervention 

Overall survival rate with only 

tumour resection was 67.6% 

compared to 75.8% in the group 

with additional neck resection 

Table 4. Studies taken into account about the surgical approach in OSCC 
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Chemotherapy approach to treat OSCC 

Chemotherapy is the treatment approach which is most used in combination with other 

treatments such as radiotherapy and/or surgery. Especially in cases where the resection 

margins around the cancerous lesion are small or possible affection of the vascular or lymph 

tissue the use of chemotherapy is very beneficial (22).  

The following table summarizes the studies about the chemotherapy approach considered for 

this revision.  

Reference and Year Number of 

patients 

Sex Objective Significant Findings 

Hayashi et al. 

(2017) (48) 

31 patients Male: 12 

Female:19 

Survival rate of OSCC 

after chemotherapy 

treatment  

Complete response in 81% 

Partial Response in 19% 

78% survival rate 

Bossi et al. (2014) 

(49) 

198 patients Female and 

male patients 

Survival rate of OSCC 

after chemotherapy 

treatment and local 

relapse 

Survival rate higher with 

chemotherapy (48.5%) than 

only surgery (36%) 

 Licitra et al. (2003) 

(50) 

195 patients Female and 

male patients 

Survival rate of OSCC 

after chemotherapy 

treatment  

Survival rate shows no 

difference 

Decreased need for severe 

follow up treatment after 

chemotherapy 

 Table 5. Studies taken into account about chemotherapy in OSCC 
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Radiotherapy as a treatment approach for OSCC 

As it happens with chemotherapy, radiotherapy is mainly used as an additional treatment 

approach and is normally not used on its own. Only in case of stage I and II, radiotherapy alone 

can be the sole treatment option. It is not indicated in more advanced stages as more invasive 

options are required. Most commonly hereby is Brachytherapy, which can be divided into 

Low-dose radiation (LDR) or High dose radiation (HDR) (51). 

The following table summarizes the study about the radiotherapy approach considered for 

this revision.  

Reference and Year Number of 

patients 

Sex Objective Significant Findings 

Zhenxing et al. 

(2014) (51) 

420 patients Female and 

male patients 

Survival rate of OSCC after 

radiotherapy (comparison 

HDR to LDR) 

Slight difference between 

HDR (71.9%) and LDR (67.4 

%) survival rate 

 

Table 6. Studies taken into account about radiotherapy in OSCC 

Immunotherapy as a treatment approach for OSCC 

Immunotherapy is a more recent treatment approach which has been developed in the past 

years. It could be an option in combination with other treatments as for example surgery, 

chemotherapy and/or radiotherapy. It is based on the underlying concept that the immune 

system can attack the cancerous cells present.  The applied immune therapy leads to a 

strengthened immune system, increasing its ability to fight against the cancerous cells (52, 

53). The following table summarizes the studies about the immunotherapy approach 

considered for this revision.   
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Reference and Year Number of 

patients 

Sex Objective Significant Findings 

Timur et al. (2005) 

(54) 

39 patients Female and 

male 

patients 

Pathological (size) and 

Histopathological 

(microscopical) response of 

OSCC to immunotherapy 

General response rate to the 

treatment 42% 

Infiltration of mononuclear cells 

(increased infection resistance) 

Xiong et al. (2020) 

(55) 

10 patients Female and 

male 

patients 

The immunological effect of 

anti-PD-1 

CD4+ levels are decreased (while 

T-cells are slightly increased) and 

increased of CD8+ cells 

No overall immune effect 

Table 7. Studies taken into account about immunotherapy in OSCC  

Photodynamic Therapy (PDT) as a treatment approach for OSCC 

Photodynamic therapy is considered as an additional option for the treatment of OSCC. It is 

hereby based on its ability to lead to a cytotoxic effect, destruction of the vascularity of the 

tumour cells as well as an inflammation reaction (56).  

The following table summarizes the studies about the PTD approach considered for this 

revision.  

Reference and Year Number of patients Sex Objective Significant Findings 

Schweitzer (2001) 

(57) 

10 patients Female and male 

patients 

Response rate of 

OSCC to PDT 

(reduction in size) 

8 patients with complete 

response and 2 patients with 

partial response 

Biel et al. (2006) 

(57) 

113 patients Female and male 

patients 

Response rate of 

OSCC to PDT 

(reduction in size) 

107 patients with complete 

response and 6 patients with 

partial response 

Table 8. Studies taken into account about PDT in OSCC  
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COX-2 Inhibitor therapy as a treatment approach for OSCC 

COX-2 inhibition therapy is based on the abnormally increased levels of COX-2 in OSCC, this 

has been confirmed in a clinical study, where a 100 times higher COX-2 level was found in 

patient with OSCC. COX-2 Inhibitor as a treatment approach however has mainly been used in 

the prevention of the development of the OSCC (28). 

Gene therapy as a treatment approach for OSCC 

There are different types of gene therapy approaches available for the treatment of OSCC.In 

case of the presence of OSCC, the most common mutation can be found in p53. Therefore, 

most of the approaches of gene therapy are focused on the modification of the gene p53 (36). 

The following table summarizes the studies about the gene therapy approach considered for 

this revision.  

Reference and Year Number of 

patients 

Sex Objective Significant Findings 

Yi Li et al. (2014) 

(58) 

99 patients 38 female 

and 61 

males  

Response rate (reduction in 

size) of OSCC to gene therapy 

and survival rate 

Highest response rate in group 

1 with gene therapy (48.5%) as 

well as highest survival rate 

with 54.3% 

Liu et al. (2013) (58) 107 patients Female and 

male 

patients 

Recurrence rate of OSCC after 

gene therapy  

Higher recurrence rate in group 

2 (32%) without gene therapy 

in comparison to group 1 (7%) 

Zhang et al. (2001-

2003) (59) 

69 patients Female and 

male 

patients 

Response rate of OSCC to 

gene therapy (reduction in 

size) and adverse effects 

Tumour size was more than 2 

times bigger in group 2 

(without gene therapy) 

Only light side effect 

Table 9. Studies about gene therapy in OSCC 
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4. 2  Discussion 

The most important factor to reach a successful treatment outcome is the early diagnosis of 

the cancerous lesion within the dental office. Depending on the progression and therefore 

stage of OSCC different treatment options are available, leading to a more or less successful 

outcome. Therefore, it is of high important to choose the most suitable treatment option.  

In context of the surgical approach authors including Yookjyeeong et al. (2019) confirmed that 

it is a highly successful option for early stages of OSCC (stage I and II) with a 100% response 

rate, while it is less successful for advanced stage (stage III and IV). The same was concluded 

by Hutchinson et al. (2019) who additionally concluded that not only the primary resection, 

but also especially the resection of the lymph nodes is essential for complete response 

independent of the stage of OSCC (46,47).  

The studies have been chosen due to their recent publication date, being therefore up-to-date 

and since they focus on the surgical removal as a sole approach. Due to their relative high 

sample size, the results are indicative (46,47). 

Surgery can be used as a sole treatment approach with high efficiency without the need of 

supplementary treatment like radiotherapy, however this is only applicable to the early stages 

of OSCC and require an early diagnosis (46,47).  

However, it needs to be taken into account that post operational complications can occur due 

to the invasive nature of the approach. These include a decreased aesthetic as well as 

functional alterations, as for example problems in speaking, swallowing, and chewing of food. 

Herby it can be indicated that especially for older patients, surgical excision can bear increased 

risks, as for example the development of pneumonia after the surgery due to a weakened 
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immune system. The more invasive approach of neck dissection can lead to more severe post- 

operative complications but also reduces the chances of metastasis and therefore survival.  

It needs to be decided based on the individual case, if the risk of the surgery can be justified 

by the benefit of increased survival rate (46,47). 

Another treatment approach is the chemotherapy, hereby authors including Hayashi et al 

(2017) and Bossi et al (2014) both indicate a positive corelation between the chemotherapy 

and its effect on OSCC (response rate and survival rate) in different stages of cancer. However, 

this is seen in contrast to the study conducted by Licitera et al (2003) where no increased 

survival rate could be identified through the addition of chemotherapy. Hereby indicating that 

surgery on its own shows the same effectiveness (48,49,50).  

Especially Hayashi et al (2017) identifies that chemotherapy as a sole approach, shows the 

same response as surgery in advanced stages (stage III and IV) concluded by Yookjyeeong et 

al (2019). This could be an essential advantage in older patients, where surgery would be too 

invasive or in case of anatomical limitations, where a surgical excision with an appropriate 

safety margin is not possible or in case of surgery being too dangerous (due to damage of 

blood vessels). However, it is also connected to side effects, including the development of 

induced toxicity due to the drugs given as part of chemotherapy. 

The contradicting result could be related to the possible advance in pharmaceutics within 10 

years between Licitera (2003) and Hayashi and Bossi (2017 and 2014) (48,49,50).    

The studies have been chosen, due to their wide span in publication year, indicating the 

development of the treatment as well as their relatively big sample size.  
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Apart from that there is the treatment approach of radiotherapy, Zhenxing et al (2013) 

argument that between the different types of radiation therapy (HDR and LDR) there is no 

significant difference in survival rate. For the general survival rate in radiation therapy, it can 

be said that it is relatively high but only when used in early stages (I and II) of OSCC (51).  

This can be seen in contradiction to other studies including Licitra et al (2003) who only 

indicate radiotherapy as an additional approach to chemotherapy or surgery and never as a 

sole approach (50).  

Therefore, radiotherapy is a good treatment approach in connection with chemotherapy or 

surgery. However, it is not often used on its own and could lead to the development of 

osteonecrosis as a side effect.  

The study has been chosen due to the big sample size and it is focusing only on radiotherapy 

without other approaches like chemotherapy affecting the results.  

Immunotherapy is another treatment approach, Timar et al (2005) developed that the use of 

immunotherapy leads to a general low response rate in terms of size reduction and 

microscopical change of the OSCC, but to an increased resistance against possible infections 

(increased CD4+/CD8+ ratio). These results are applicable to stage II and III of OSCC (54).  

These results are in contrast to Xiong et al (2020) who also identified an effect on the immune 

system, however this effect is not general but rather selective. Hereby an increased CD8+ 

count could be identified, while the CD4+ count was decreased (55).  

Therefore, it could be recognized that immunotherapy has an unspecific effect on the immune 

system, while the effect on tumour reduction is relatively low. However, the use of 
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immunotherapy also leads to much fewer side effects as for example cytotoxic effects through 

chemotherapy (55).  

The described studies have been chosen due to their wide span in publication date, allowing 

a comparison of the progression of the treatment over time as well as there exist only few 

studies concerning this field. 

The treatment approach of PTD has been investigated by authors including Schweitzer and 

Biel, whereby both used the same medication (Photoforin) with different sized study samples, 

however with similar results. Therefore, valuable conclusions can be drawn on the 

effectiveness of PDT. The authors conclude that the use of PTD shows the best results in early 

stages (I and II ) of OSCC. In comparison to immunotherapy PDT has a much higher response 

rate in reduction of tumour size (80%) and is therefore a more reliable approach (57). 

It is argumented that PTD is a non-invasive option, and is especially suitable in margins of 

cancerous lesions, which cannot be treated by surgery. 

However, it can lead to side effects including irritations of the skin, discomfort or infections. 

It can only be applied in areas, where the light reaches the lesions.  Posterior areas in the oral 

cavity or anatomical limitations can hinder the correct application of PDT (57).  

The described studies have been chosen as there exist only few studies concerning the field 

of PTD treatment in vivo. 

Concerning the approach of COX-2 therapy very few studies investigating the effect on OSCC 

have been conducted, however from the available sources it could be argument that it is 



39 
 

rather a preventative than a curative approach and therefore always requires additional 

options (28).  

In relation to gene therapy Yi Li et al (2014), Liu et al (2013) and Zhang et al (2001-2003) 

describet that gene therapy is effective in the treatment of advanced stages of OSCC (III and 

IV), however only in combination with chemo-/radiotherapy or surgery. The effect of gene 

therapy on its own has hereby not been proven. The relatively low survival rate of 55% can 

hereby be linked to the fact, that all patients suffered more advanced stages, in comparison 

to other studies, where patients with early stages were included.  These results could be 

identified in all three studies, which consisted of varying sample sizes, and can therefore be 

generalized (58, 59).  

Zhang et al (2001-2003) concluded that especially the use of radiotherapy on its own, does 

not lead to a high response and hence survival rate. This can also be confirmed by Licitra et al 

(2003) mentioning that radiotherapy as a sole approach is not sufficient. However, the added 

use of gene therapy can improve the outcome (59).  

It can be analysed that gene therapy is a non-invasive treatment approach as it does not lead 

to any long-term damages as for example surgery with functional and aesthetic 

consequences.  A possible side effect can include the immune response caused by the use of 

a viral vector to administer the treatment. However, this cannot be identified in all patients, 

and most commonly present in terms of flu like symptoms, and therefore does not cause 

damage. 

It needs to be taken into account that in all the evaluated studies, gene therapy is not 

administered on its own, but in combination with chemotherapy, radiotherapy or surgery. 



40 
 

Furthermore, gene therapy seems to be a treatment approach more applicable in advanced 

stages of OSCC, and not as much in early stages. This could be another reason why gene 

therapy is most often used in combination, as practitioners do not want to rely on a single 

treatment approach (58,59).  

They included studies have been chosen due to their wide range in publication years, 

ensuring that a progression of this approach can be identified. Furthermore, they include a 

relatively big sample size and all focus on gene p53 as a point of reference for the success of 

the treatment approach.  
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5. Conclusion 

 

Main Objective 

Gene therapy can be stated as a more recently developed approach, especially useful for 

advanced stages of OSCC (stage III and IV). It increases both the response and survival rate of 

the patients significantly. Therefore, it can be concluded that gene therapy is a treatment 

approach suitable in the treatment of OSCC. However, it can be identified that most effective 

results are in combination with other treatments as for example together with 

chemotherapy/radiotherapy or surgery, approaching the cancer from different aspects.  Even 

though it will lead to increased side effects (immune responses), the advantage, a possible 

survival weights significantly more than the associated risks. Until now very little research 

about the effectiveness of gene therapy for OSCC has been conducted, so that more research 

will be necessary to have more representing results.  

Secondary objectives 

1. Gene therapy shows a survival rate of approximately 55%, being hereby mainly used 

in advanced stages III and IV. 

2. Surgery shows a very high survival rate between 70 to 100% depending on the research 

consulted. It could be identified the highest effectiveness in early stages (I and II) of 

OSCC.  

3. Radiotherapy indicates a survival rate between 67 to 71%, while chemotherapy 

indicates a survival rate between 48% and 78% depending on the research consulted, 

both being used in early and advanced stages of OSCC (I, II, III, IV).  
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4. Immunotherapy indicates a response rate of approximately 40% and is mainly used as 

a supportive treatment in early to medium stages (I, II, III) and to improve the immune 

response. 

5. Photodynamic therapy indicates a complete response between 80-90% depending on 

the bibliography considered, whereby it is only applicable in early stages (I and II).  

6. COX-2 Inhibition therapy has been mainly used as a preventive measure for OSCC, 

rather than as a treatment approach.   

 

 

 

 

 

 

 

 

 

 

 

 



43 
 

6. Social Responsibility 

The presented work “Could Gene therapy be a treatment approach for OSCC?” indicates the 

importance of environmental responsibility.  It is hereby based on the revision of several 

different approaches suitable for the treatment of OSCC and focuses on finding the best 

option depending on the individual case. Hereby the optimisation of the choice of treatment 

can improve both the length and quality of life of the patient. Furthermore, it also addresses 

the importance of economic responsibility. The early diagnosis of OSCC, as well as being 

aware about all existing treatment approaches, makes it possible for the clinician to choose 

less time and cost consuming treatment approaches. Moreover, the research and 

development of new and effective approaches, like gene therapy, can be essential for having 

access to a wider variety of economic options for the treatment of OSCC.  
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8. Annexes 

Annex 1 

Glossary 

Abbreviations  

AML- Acute myeloid leukemia 

COCE- Carcinoma oral de células escamosas 

COX- Cyclooxygenase  

DC- Dyskeratosis congenita  

FA- Fanconi anaemia  

GT-Gene therapy 

HDR-High-dose radiation 

HNSCC-Head and neck oral squamous cell carcinoma 

HPV- Human Papillomavirus 

LDR- Low-dose radiation 

OSCC- Oral Squamous Cell Carcinoma 

PDT-Photodynamic Therapy 

PET- Positron Emission Tomography  

 

 



57 
 

Annex 2 

 
 

 

 

 

 

 



58 
 

Annex 3 

 

 

 



59 
 

Annex 4 

 

 

 

 

 



60 
 

Annex 5 

 



61 
 

Annex 6 

 
 

 



62 
 

Annex 7 

 

 

 

 



63 
 

Annex 8 

 

 
 

 



64 
 

Annex 9 

 

 

 



65 
 

Annex 10 

 

 

 

 

 

 



66 
 

Annex 11 

 

 

 

 



67 
 

Annex 12 

 

 



68 
 

Annex 13 

 

 

 



69 
 

Annex 14 

 

 



70 
 

Annex 15 

 

 

 



71 
 

Annex 16 

 

 

 

 

 



72 
 

Annex 17 

 

 



73 
 

Annex 18 

 

 



74 
 

Annex 19 

 



75 
 

Annex 20 

 

 

 



76 
 

Annex 21 

 

 

 

 

 



77 
 

Annex 22 

 

 



78 
 

Annex 23 

 

 
 



79 
 

Annex 24 

 



80 
 

Annex 25 

 

 

 

 

 



81 
 

Annex 26 

 



82 
 

Annex 27 

 

 

 



83 
 

Annex 28 

 



84 
 

Annex 29 

 

 

 



85 
 

Annex 30 

 



86 
 

Annex 31 

 



87 
 

Annex 32 

 

 

 

 

 



88 
 

Annex 33 

 

 

 



89 
 

Annex 34 

 

 

 

 

 

 



90 
 

Annex 35 

 

 

 



91 
 

Annex 36 

 

 



92 
 

Annex 37 

 

 

 



93 
 

Annex 38 

 



94 
 

Annex 39 

 

 

 

 



95 
 

Annex 40 

 

 

 



96 
 

Annex 41 

 



97 
 

Annex 42 

 

 

 

 



98 
 

Annex 43 

 

 

 



99 
 

Annex 44 

 

 

 

 



100 
 

Annex 45 

 

 

 



101 
 

Annex 46 

 

 

 



102 
 

Annex 47 

 

 

 

 

 



103 
 

Annex 48 

 

 

 

 

 



104 
 

Annex 49 

 

 

 

 



105 
 

Annex 50 

 

 

 

 



106 
 

Annex 51 

 

 

 

 



107 
 

Annex 52 

 

 

 

 

 



108 
 

Annex 53 

 

 

 

 

 

 

 

 

 

 

 



109 
 

Annex 54 

 

 



110 
 

Annex 55 

 

 


