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        Abstract


        Chronic medication usage is a major component of the medical diagnosis of patients. Nowadays, some of the most common diseases such as cancer, hypertension, diabetes and etc., are treated with drugs which cause a variety of oral side-effects including gingival over growth and appearance of lesions on the tissues of the oral cavity. As such, drug-induced oral reactions are an ordinary sight in the dental practice. This review will point out the main therapeutic agents causing gingival hyperplasia and other pathologic lesions in the oral cavity. Some frequently used medications, in particular antihypertensives, nonsteroidal anti-inflammatory drugs and even antibiotics, can lead to overgrowth of the gingiva and to the multiple unwanted conditions, namely: Lupus erythematosus, erythema multiforme, mucositis, oral lichen planus, pemphigus vulgaris and more.
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        Introduction


        Drug-induced oral reactions are a common sight in the dental practice. As such, understanding the complete medical history of the patient becomes a crucial diagnostic tool. Proper documentation of systemic and dental conditions of the patient, including past and current administration of medications, is of major significance both clinically and legally. Nowadays, some of the most common diseases such as cancer, hypertension, diabetes, etc. are treated with drugs which cause a variety of oral manifestations. Side-effects resulting from medication usage include salivary dysfunction, gingival overgrowth, oral malodor, mucosal pigmentation, tooth discoloration, alteration of taste sensation and even appearance of lesions on the tissues of the oral cavity. Early recognition and diagnosis of these effects can largely assist in the prevention of further destructive consequences in patients' health status. As life expectancy increases, the number of elderly patients in the dental practice also rises. Individuals of this population are usually subjected to chronic medication intake which requires the clinician to be aware of the various side-effects accompanying these medications. This review will point out the main therapeutic agents causing gingival hyperplasia and other pathologic lesions in the oral cavity. All physicians need a deeper understanding and a true interest in side-effects caused by the intake of various medications, as they can have major implications on both medical status and quality of life of their patients.


        Therapeutic Agents Causing Gingival Hyperplasia


        Gingival hyperplasia is a well-known and common adverse reaction arising from the usage of several medications. Therapeutic agents that cause the enlargement of the gingiva are mostly administered as part of non-dental treatments, in which other tissues, rather than the gingiva, are intended as the target. There are three major groups which are highly associated with this side-effect: Calcium channel blockers, immune suppressants such as Cyclosporine A, and anti-epileptics such as Phenytoin. Based on data collected in Australia, out of 114 reported cases, 83 were related to Cyclosporine A, calcium channel blockers or Phenytoin [1]. Oral contraceptives are also frequently mentioned when discussing this adverse reaction, but to a lesser degree when compared with the previous three. There is a direct correlation between the oral hygiene status of a patient and the severity of drug-induced hyperplasia. Even though maintenance and improvement of oral hygiene is the starting point for any kind of treatment, it does not fully ensure that the condition will be resolved. In severe cases of gingival hyperplasia, when the medical status of the patient enables the clinician, even a complete withdrawal of the medication should be considered. Usually gingival enlargement can be found throughout the oral cavity, yet the overgrowth is mostly prominent at the buccal tissues of both dental arches, and it is initiated at the interdental papilla regions as a painless lesion [2,3]. The growth of soft tissues may expand in every direction and as the tissue enlarges it appears to be thickened and lobulated while the epithelial surface is smooth. In advanced stages even the occlusal surfaces of teeth might be covered by the gingiva, which can lead to alterations in several physiological processes such as speech, mastication and occlusion [1,4]. In combination with the presence of a periodontal disease, additional properties would be observable in the gingiva: Prominent red-purple color, high bleeding tendency and a vascularized tissue appearance [4]. According to a clinical review made on the gingival overgrowths, apart from the obvious macroscopic change in the gingival tissue, significant changes in the histology of the tissue are also indicated [1].


        Calcium channel blockers


        These agents are extensively used in the treatment of a several cardiovascular diseases. As saliva secretion is closely related to intracellular calcium concentration, why blockers of calcium channels such as Diltiazem, Nifedipine and Verapamil will cause xerostomia and further oral consequences is generally understood [5]. Calcium channel blockers have been known to cause gingival overgrowth since the 1980's [1]. However, since calcium channel blockers are so commonly administered, it is extremely hard to verify the actual incidence of gingival enlargement resulting from the usage of these drugs [4]. An example of the overgrowth induced by calcium channel blockers can be seen in Figure 1. In a study performed in order to observe the adverse drug reactions of Nifedipine, it has been demonstrated that the drug caused gingival hyperplasia in 20% of users [2]. Nifedipine acts by inhibiting the process of apoptosis in keratinocytes and prolonging cell life, and as such leading to an epithelial enlargement of the gingiva [6]. Another mechanism of action for Nifedipine has been suggested to be the inhibition of macrophage-induced death of gingival fibroblasts [7]. Another study was performed in order to observe the histological changes generated by Nifedipine in hypertensive animals. Findings have shown alterations in the parotid glands, together with a mild dilation of the vessels and infiltration of inflammatory cells [8].


        
          [image: ] Figure 1: Gingival hyperplasia caused by calcium channel blockers. View Figure 1

        


        Phenytoin


        Phenytoin is an anticonvulsant medication. It has been in use for about 80 years and it remains the main agent for the treatment of epilepsy up to this day, as well as being a useful agent in case of cardiac arrhythmias and several neuralgias [1]. It has been reported that 50% of Phenytoin recipients experience gingival hyperplasia. An even higher percentage is recorded among adolescents. The enlargement of the gingiva usually becomes noticeable within three months after the beginning of the treatment. In most cases, gingival hyperplasia caused by Phenytoin is not resolved with the cessation of treatment [2]. Hyperplastic gingiva as a result of Phenytoin usage can be seen in Figure 2. It has been suggested that the mechanism in which Phenytoin causes gingival overgrowth is by mast-cell mediated androgen stimulation of gingival fibroblasts. As a result of androgen stimulation, further expression of the enzyme 5α-reductase takes place within the cells. Findings of a study investigating the mechanisms of phenytoin-induced gingival hyperplasia have suggested that these responses, which take place in gingival fibroblasts, could be a reason to gingival enlargement [9].


        
          [image: ] Figure 2: Gingival hyperplasia caused by phenytoin. View Figure 2

        


        Cyclosporine A


        Cyclosporine A (CsA) is an immunosuppressive drug. The main function of this drug is to prevent the rejection of an organ transplant by suppressing the immune system. As high success rates were recorded during renal transplants, this medication was also provided in transplants of other organs and even in cases of autoimmune diseases [1].


        As seen in Figure 3, an overgrowth of gingival tissue by CsA can be attributed both to the enhancement in production of collagen by fibroblasts and to the decrease in collagenase enzyme activity [2,10]. As cytokines play an important role in physiological growth and proliferation of tissues, changes in cytokine levels could cause a pathological condition. Under CsA therapy, higher levels of cytokines such as IL-6 and lower levels of other cytokines including Interferon-γ were observed. These alterations in cytokine concentrations promote the synthesis of collagen by fibroblasts, which contributes to gingival enlargement [11]. Another effect of CsA is the upregulation of the keratinocyte growth factor receptor. Keratinocyte growth factor is responsible for the activity and growth of epithelial cells and it has been proven that this growth factor is notably elevated during CsA usage. A study has examined whether an expression of the keratinocyte growth factor receptor is up-regulated in hyperplastic gingival tissue, when compared to normal gingiva. Findings have proved that both receptor-antigen and gene expression levels were elevated in the hyperplastic tissue [12]. Unlike other drug-induced gingival hyperplasia, the one resulting from usage of CsA may exhibit nodular epithelial surface and is more likely to be resolved when treatment has stopped [4]. Even though it is rare, gingival overgrowth caused by CsA can lead to the development of cancerous lesions, such as squamous cell carcinoma and Kaposi's sarcoma [13].


        
          [image: ] Figure 3: Gingival hyperplasia induced by Cyclosporine A. View Figure 3

        


        Other Oral Lesions Caused by Therapeutic Agents


        Effects of antibiotic agents on the oral microbiome


        The oral cavity is the starting point of the digestive tract and factors such as temperature, pH and constant nutrient supply help it serve as a host for the growth of a diverse microbial environment. Thousands of microorganisms including bacteria, fungi and protozoa are physiologically present in the oral cavity. This large group of microorganisms are known as the oral microbiome or oral microflora [14]. The oral microbiome plays a major role in the maintenance of an individual's health status, as it prevents the entrance of exogenous pathogenic microorganisms to the human body. Each site in the oral cavity is characterized by a distinct microflora, matching the biological and physical properties of given site. As such, the microflora present on the tooth surface is widely different than the microflora found at the oral mucous membranes or on the tongue [15]. The stability of the oral microbiome can be highly affected by changes in oral pH and salivary flow rate, smoking and the intake of antibiotic agents. As bacteria are the most numerous members of the oral microflora, any alteration in the physiological concentrations of these microorganisms can result in the formation of large bacterial colonies, known as dental plaque. Dental plaque is essentially a biofilm covering the surfaces of the tooth and it is responsible for the production of metabolites leading to oral diseases, such as dental caries and periodontal disease. The goal of antibiotic therapy is to eradicate, or at least slow down the growth of harming bacteria. Unfortunately, when using these agents in the treatment of bacterial infections, members of the oral microflora are also affected, causing a change in the oral environment. As antibiotic agents damage the integrity of the oral microflora, the defense of the oral cavity becomes compromised. This state allows exogenous pathogenic microorganisms to reside and colonize in the oral cavity, which usually leads to oral diseases. Another undesirable consequence of antibiotic treatment is opportunistic infections caused by members of the oral microflora. Under normal circumstances, members of the oral microflora are harmless, and they contribute to the physiological functions of the oral cavity. As the oral microbiome is being altered by antibiotic agents, these microorganisms can cause severe infections with harmful oral and systemic manifestations [16]. Streptococci is the most common species of bacteria that normally colonizes the oral cavity, as seen in Figure 4. Other main bacterial species usually found in the oral cavity include Lactobacillus, Actinomyces, Selenomonas, Veillonella, Fusobacterium, Treponema and Gemella. Although they are members of the oral microflora, most of these species can become major constituents of dental plaque and contribute to the manifestation of dental caries and periodontal diseases [17].


        
          [image: ] Figure 4: Composition of oral microbiome. View Figure 4

        


        Aphthous lesions


        Recurrent aphthous stomatitis, seen in Figure 5, is a chronic condition appearing mostly during adolescence, that may reappear during adulthood with reduced severity. A study examining the relationship between the appearance of aphthous lesions and medication intake has indicated that NSAIDs (Nonsteroidal Anti-Inflammatory Drugs) and β-blockers were both agents that may cause this type of oral lesions [18,19]. Alendronate, an agent used in the treatment of osteoporosis and bone diseases, has also been reported to cause aphthous lesions in the oral cavity [20]. The exact mechanism in which these agents act is still unclear.


        
          [image: ] Figure 5: Aphthous lesion on the buccal mucosa, caused by NSAIDs. View Figure 5

        


        Pemphigoid and bullous lesions


        Pemphigoid lesions in the oral cavity are autoimmune in origin and can be described as blisters arising from the oral mucosa, as seen in Figure 6. Autoantibodies directed against bullous pemphigoid antigens on the hemidesmosomes are factors causing this side-effect. This interaction results in tissue separation between the epithelium and the connective tissue. Several therapeutic agents have been reported to trigger the reaction between the autoantibodies and the hemidesmosomes in the oral cavity. Some of the main agents related with this side-effect are NSAIDs, penicillin-derivative antibiotics and cardiovascular agents such as ACE (Angiotensin-Converting-Enzyme) inhibitors and Furosemide [13,21]. Vancomycin, an antibiotic agent, has been reported to cause manifestations of the sub-epidermal bullous disease, the linear Immunoglobulin A (IgA) disease. The main effect of this disease is the linear deposition of IgA at the basement membrane, resulting in pemphigoid and bullous lesions on the oral mucosa [22].


        
          [image: ] Figure 6: Pemphigoid lesion in the oral cavity, caused by NSAIDs. View Figure 6

        


        Pemphigus


        Pemphigus is a severe chronic autoimmune mucocutaneous disease. 90% of pemphigus cases are classified as pemphigus vulgaris. Pemphigus vulgaris is characterized by the appearance of blisters, ulcers and erosions on the oral mucosa, as seen in Figure 7. The mechanism of action for this condition involves Immunoglobulin G autoantibodies produced against Cadherin, an adhesion molecule. The interaction between the autoantibodies and Cadherin results in acantholysis, a loss of cell-to-cell adhesion, leading to separation in the mucosa. Blisters arising from this condition rupture rapidly, usually before the patient's arrival to the dental practice, leaving painful ulcers on the mucosa. Drugs mostly reported to cause these effects were Rifampicin, Diclofenac and ACE inhibitors [23-25].


        
          [image: ] Figure 7: Pemphigus vulgaris-ruptured blisters and ulcers on oral mucosa. View Figure 7

        


        Erythema multiforme


        Erythema multiforme is an acute, self-limited, recurring condition that is considered as a type III-IV hypersensitivity reaction. Erythema multiforme, seen in Figure 8, is characterized by typical target-like skin lesions and oral ulcers. Oral lesions are present as small vesicles that rupture in 2-3 days and leave painful erosions covered by necrotic pseudo-membrane. Some of the therapeutic agents related with the appearance of this lesions include cephalosporins, NSAIDs and tetracyclines [13].


        
          [image: ] Figure 8: Oral manifestation of erythema multiforme. View Figure 8

        


        Lupus erythematosus


        Lupus erythematosus is an autoimmune disease that can result from prolonged drug exposure and manifest as oral lesions, seen in Figure 9. It has been suggested that individuals suffering from this condition are genetically predisposed, although it remains unclear what triggers this specific autoimmune reaction. One study suggests that certain drugs lead to over-expression of lymphocyte function-associated antigen 1 which results in lupus erythematosus [26]. Drugs related with this disease are antihypertensive and anti-arrhythmic agents, such as Hydralazine and Procainamide. Isoniazid, an antibiotic agent for the treatment of tuberculosis, is also known to cause this side-effect. Lupus can be further classified as an acute, subacute or a chronic condition. Subacute cutaneous lupus is related with drugs such as calcium channel blockers, ACE inhibitors, and thiazides. Drug-induced chronic cutaneous lupus is associated with 5-flurouracil and NSAIDs [27]. Lupus lesions are most commonly seen on the palate and the buccal mucosa.


        
          [image: ] Figure 9: Oral manifestation of systemic lupus erythematosus. View Figure 9

        


        Lichenoid lesions


        Oral lichen planus is a chronic mucocutaneous disease of an unknown cause, characterized by the appearance of lesions in the oral mucosa. Lichen planus lesions are typically present as bilateral white lesions, sometimes with ulcers, mostly in the area of the buccal mucosa and sometimes on the tongue. Even though the etiology is not completely known, it has been suggested that an immunologically mediated process is taking place, mimicking a hypersensitivity reaction. This condition also exhibits CD4 and CD8 T-cells infiltrates at the epithelial-connective tissue junction resulting in keratinocyte destruction by the T-cells. It has been indicated that the severity of symptoms is often related to the patient's level of stress. Oral lichen planus lesions are subclassified according to their form: Reticular, plaque, erythematous, erosive or bullous. The most common type of lichenoid lesions is the reticular form, known as 'Wickham's straie'. It can be observed in Figure 10, [28,29]. According to a study gathering reports of cases exhibiting the manifestation of oral lichen planus, the most common medications causing this drug-induced oral reaction are antihypertensives and anti-arrhythmic agents such as β‐blockers, ACE inhibitors, methyldopa and quinidine, as well as several antimalarial agents. NSAIDs have also been mentioned as agents causing this side-effect. The same study has also indicated that it is extremely hard to differentiate between drug‐induced lichen planus and the idiopathic appearance of this disease [30,31].


        
          [image: ] Figure 10: Reticular form of lichenoid lesion, located on the buccal mucosa. View Figure 10

        


        Mucositis


        Mucositis is defined as a state of severe inflammation accompanied with the appearance of lesions and ulcers in the mucosa of the oral cavity, as seen in Figure 11. Intense bleeding and pain are very common in this condition [32]. Mucositis is a major side-effect of radiation and chemotherapy, and the agents leading to this effect are cytotoxic drugs such as 5-flurouracil, Methotrexate and Cytarabine. The incidence of this condition is around 40% among patients undergoing standard chemotherapy. Mucositis is an end-result of several combined effects, leading to epithelial dysfunction. Events like free radical injury, DNA damage, cell cycle arrest and disturbance of cell interactions are all results of chemo- and radiotherapy, eventually resulting in inflammation of the oral mucosa [32]. A study investigating the pathophysiology in which the cytotoxic drugs act has found that both Methotrexate and 5-flurouracil administration have led to histological change of tissues in the oral cavity [33]. A further consequence of the immunosuppressive effect of these drugs is the invasion of pathological microorganisms, leading to severe infections. Some of these organisms can be gram-negative bacteria, Mycobacterium Tuberculosis and fungi species. Criteria such as age and diet of the patient, oral hygiene maintenance during treatment and the type of cancer, are all considered to be risk factors and have a principal effect on the development of mucositis [34].


        
          [image: ] Figure 11: Mucositis as a result of radiation and chemotherapy. View Figure 11

        


        Lesions arising as a consequence of immunosuppression


        Oral candidiasis arises as a result of a broad-spectrum antibiotic usage or by treatment with immunosuppressive agents and cytotoxic drugs. Candida Albicans is an opportunistic pathogen, responsible for 95% of oral fungal infections. This pathogen is normally found in oral, gastro-intestinal and genital regions, taking advantage of immunologic dysfunction in order to further multiply. This condition is characterized by the appearance of a white pseudo-membrane on the tongue, buccal mucosa or palate, seen in Figure 12 and Figure 13. As the white membrane can be scraped off, it is a way to differentiate this lesion from other white lesions of the oral cavity [35].


        
          [image: ] Figure 12: Oral candidiasis, white pseudo-membrane on the palate. View Figure 12

        


        
          [image: ] Figure 13: Oral candidiasis, white pseudo-membrane on the tongue. View Figure 13

        


        Other pathogens that can cause an infection in the oral cavity as a consequence of immunosuppressive therapy are the HPV (Human Papilloma Virus) and viruses of the Herpes family such as HSV (Herpes Simplex Virus), EBV (Epstein-Barr Virus) and HHV-8 (Human Herpes Virus 8). HPV is a major etiological factor for the manifestation of pre-cancerous lesions and conditions in the oral cavity such as verruca vulgaris. Examples for the oral manifestation of HPV infections can be seen in Figure 14 and Figure 15.


        
          [image: ] Figure 14: Oral manifestation of HPV infection, papilloma on the palate. View Figure 14

        


        
          [image: ] Figure 15: Verrucous vulgaris-white, verrucous-shaped papilloma on the tongue. View Figure 15

        


        EBV infection can lead to conditions such as Burkitt's lymphoma and hairy leukoplakia (Figure 16), whereas HHV-8 gives rise to Kaposi's sarcoma (Figure 17), a tumor that can grow anywhere in the orofacial region.


        
          [image: ] Figure 16: Hairy leukoplakia, as a result of EBV infection. View Figure 16

        


        
          [image: ] Figure 17: Kaposi's sarcoma in the oral cavity. View Figure 17

        


        Discussion and Conclusions


        An immense number of therapeutic agents can cause undesirable oral side-effects and many of these agents are integrated into the treatment of very common diseases and pathological conditions. As such, drug-induced oral reactions are a common complaint in the dental practice [3]. Most drug-induced oral side-effects are mild to moderate when examining their severity. These adverse reactions can frequently interfere with several physiological functions such as mastication, digestion, taste perception and occlusion, as well with aesthetic appearance. However, the usage of certain medications may become a major risk factor regarding the patient's general health, and result in more dangerous consequences such as the appearance of pre-cancerous lesions [36]. In most cases, the treatment of drug-induced oral reactions involves the withdrawal and replacement of the agent in question, along with a symptomatic therapy. This can usually resolve the oral manifestation, but unfortunately cessation or replacement of the medication is not always an option. As such, the dental physician should always follow the general guidelines that include an extensive knowledge of possible complications, careful patient monitoring and proper case management. The symptomatic treatment of drug-induced oral reactions and the possible substitution or withdrawal of medication causing these reactions are important, but they are not the only steps of the treatment. Maintenance of good oral hygiene, cessation of bad habits such as alcohol consumption and smoking, adequate nutrition-especially of vitamins, and proper hydration can all influence the extent of the undesirable effects resulting from medication usage [37]. Most drug-induced oral side-effects are directly correlated to oral hygiene and oral health status. The presence of either periodontal diseases or plaque retentive factors can contribute to the extent of these reactions and therefore they need to be treated. An important role of the dentist is to instruct the patient on the correct maintenance of oral hygiene. Proper brushing technique of both teeth and tongue, along with instructions for interdental cleaning and mouthwash usage should be a part of the explanation. Both satisfactory treatment and oral hygiene instructions can significantly improve patient's motivation and social life [38]. In the case of gingival overgrowth, it has been noted that effective plaque control has a vital role in the success of the treatment, along with medication substitution. Upon failure of these measures, surgical intervention might be needed even though it does not assure prevention of recurrence [1]. Certain oral lesions require not only a clinical inspection, but also histologic confirmation. A study investigating the accuracy of diagnoses made by dentists has examined 976 cases in which diagnoses determined by clinical inspections was compared with histologic specimens. Results have shown that 43% of the cases were misdiagnosed, including the misdiagnosis of cancerous lesions in 5.6% of the time. The study has concluded that all excised lesions should undergo histologic confirmation [39]. Lastly, it is important to mention the rapid progress in the field of pharmacology. Such progress makes all clinicians pay special attention to the therapeutic agents used by their patients. It is necessary to understand both the mechanisms in which the drugs act, as well as the possible adverse effects caused by its usage [36].
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