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The oral cancer survivors are a group of special individuals whose disease affect anatomical structures with a key role in identity and communication and a fundamental role in basic human functions such as speaking, eating, swallowing and breathing. Thus, quality of life of these individuals can be impaired by the consequences of disease and treatments, in particular surgery and radiotherapy. Among others, infectious conditions of any nature, bacterial, viral, fungal, are a frequent finding among oral cancer survivors. In fact, the peculiar systemic and local conditions of these subjects are known to significantly modify the microbiota, which, besides facilitating opportunistic infections, can affect the cancer microenvironment, as well as alter the effects of the anti-cancer therapies. Similarly, mouth infections can also affect the prognosis of oral cancer survivors. Among the opportunistic infections, fungal are the most common infections affecting these subjects, since neutropenia resulting from cancer, as well as chemotherapy and/or radiotherapy treatments, promote the shift from the carrier state of Candida species, to pathogen state. Treatment of oral candidiasis can be difficult in oral cancer survivors, and good evidence supports clotrimazole as the most effective for prevention, and fluconazole as the one with the best risk-benefit profile. Probiotics, although promising, need better evidence to be considered an effective treatment or preventive measure.
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Introduction

According to the GLOBOCAN 2020 estimates produced by the International Agency for Research on Cancer, in 2020 19.3 million new cancer cases were diagnosed world-wide, a figure that in 20 years' time could reach 28.4 million (1). Thanks to ageing populations, advances in early diagnosis, and treatment effectiveness, the number of cancer survivors is rapidly increasing worldwide. “Cancer survivor” refers to anyone who has ever received a diagnosis of cancer, regardless of where they are in the course of their disease: the estimated 5-year prevalence of all cancers is 50.5 million (2). The Institute of Medicine (nowadays National Academy of Medicine, www.nam.edu) listed the following aims of a correct cancer survivor care: surveillance for recurrence, screening for spreading, or new primary cancers, assessment and management of the consequence of cancer and treatment, health promotion, and coordination between specialists and primary-care providers (3, 4). The oral cavity and pharynx cancer males survivors are about 250,000 in the US only, and they are expected to increase significantly by 2030 (5). Cancer of the mouth and its treatments can affect a number of structures involved in key functions, such as speaking, eating, swallowing, breathing, as well having a central role in identity and communication of the individual. Thus, oncological surgery of the oral and perioral structures, chemotherapy with both traditional and biological drugs, and radiotherapy of the head and neck can significantly affect the quality of life of oral cancer patients (6). In addition, the high proportion of subjects over the age of 65 among them (59%), makes comorbidities highly common, further complicating the follow-up of this special group of cancer survivors (5).

One of the most relevant factors affecting the quality of life of oral cancer survivors is dental and oral health. Infective conditions of the soft and hard tissues of the mouth are common findings among those patients, and they include healthcare-associated infections (7), infectious complication of the surgical site, the most common reason for 30-day all-cause readmissions among patients surgically treated (8), or opportunistic infections which are extremely common during and after cancer treatment. In addition, common infectious conditions of teeth and gums, namely caries and periodontal diseases, have higher incidence, among cancer survivors. The susceptibility to infections of the oral cancer survivors depends on a number of factors including the age of patient, comorbidities, tobacco and alcohol use, oral health conditions at the time of diagnosis, stage and location of cancer, type of surgical intervention, dose and modalities of radiotherapy and consequent hyposalivation, drugs used for chemotherapy. Besides some common infections affecting the oral cancer survivor, this mini-review will address some less debated issues related to the infections in cancer survivors, such as their putative prognostic role and the changes in microbiota of these patients.



Microbiota modifications in cancer patients

The human microbiome is composed by the genome of the entire microbiota, which is represented by the ecological community of commensal, symbiotic and pathogenic microorganisms residing within and on the human body. Cancer therapies, mainly chemotherapy, immunotherapy and radiotherapy may affect the composition of microbiota, which can mediate both the therapeutic response and toxicity, also predisposing patients to infective complications. Qualitative and quantitative variations in bacterial communities as well as changes in the host environment can transform fungal commensals into opportunistic pathogens in the upper and lower gastrointestinal tract (9). Pioneering studies have shown that Streptococcus oralis has a mutualistic relationship with C. albicans: C. Albicans enables streptococcal biofilm growth at mucosal sites, while S. oralis facilitate invasion of the oral and esophageal mucosa by C. albicans (9).

In the gut, chemotherapy has been reported to produce severe dysbiosis, which may be further worsened by the concomitant use of antibiotics (10); the latter associated with a decrease the clinical activity of cancer immunotherapy (11). Several gut bacterial taxa appeared protective against the cancer immunotherapy's toxic effects and Bacteroidetes appeared abundant in patients resistant to ipilimumab-induced colitis, and Bifidobacterium can abrogate pathology in a mouse model of immunotherapy-induced colitis (10). Other taxa were, contextually, associated with both immunotherapy success and toxicity as Firmicutes case in immunotherapy and, in preclinical models, the gut dysbiosis associated to oxaliplatin (10). However, the mechanisms through which the gut microbiota influences response to cancer therapies remain not entirely understood (10, 12). About the role of microbiome in immunotherapy, literature supports the interaction of microbial products and components with antigen-presenting cells and innate effectors, which can enhance the adaptive immune response and the induction of cytokine production, besides local or distant effects of microbial metabolites (10). Most of studies focuses on the adaptive immunity induced by the gut microbiota during immunotherapy, suggesting that microorganisms may promote antitumor CD8 + T cell responses during treatment (12). The influence of gut microbiota on TH1 immune response and its modulation of TH17 cells have also been proposed as mechanisms, which may regulate the tumor microenvironment (12). Microbiota can also influence responses to a range of chemotherapy regimen; beneficial responses to cyclophosphamide were associated with increased intestinal permeability, producing bacterial translocation that can result in the maturation of TH17 cells (10).

Radiotherapy is also responsible of a proinflammatory dysbiosis, impairing intestinal mucosa and related functions (13). In preclinical models, radiotherapy changed the composition of gut microbiota, reducing the abundance of Firmicutes and increasing that of Proteobacteria, favoring the susceptibility to radiation-induced colitis (10). No studies directly investigated the impact of gut microbiota on radiotherapy efficacy and little is still known about how it can regulate the response to this cancer therapy (14, 15). However, some studies support that gut microbiota influence normal tissue radiosensitivity. In mice, the disruption of the circadian rhythm led to reduction of gut microbe species, which is associated with increases mouse sensitivity to gamma-ray irradiation (14). This suggests that alterations in gut microbiota may affect the response to radiotherapy modulating radio-sensitivity of the tissue (14). Consistently, gut microbiota also influences the intestinal barriers and modulates the inflammatory responses, which have impact on the sensitivity or resistance of tumors to radiotherapy. On these bases, it has been speculated that gut microbiota may influence the radiotherapy efficacy, although the role of gut microbiota in radio-sensitivity remains a new concept and the underlying mechanisms are still obscure. Much more research is needed on this topic (15).

Oral microbiome has been also investigated, even if literature is still scanty. In 2018, a systematic review (16) evaluated the specific effect of systemic chemotherapy on the microbiota of the oral cavity: 17 studies were included, 5 were on pediatric patients, 12 were on adult patients. They overall reported, during chemotherapy, a higher proportion of gram-negative bacteria of the Enterobacteriaceae family and gram-positive Streptococcus; these variations could predispose the patient to the occurrence of systemic (septicemia or localized infections) and local (acute oral infections, oral mucositis) complications (16). The disruption of the balance between bacterial load and the immune status which is compromised allows certain bacteria and Candida species to multiply and overwhelm other resident microorganisms. Head and neck radiotherapy for oral cancer causes severe alteration in oral microbiota and, after radiotherapy, the patient may acquire drug-resistant opportunistic infections, which may cause systemic complications and high morbidity (17). Candida albicans and Klebsiella species and Pediococcus species are, in particular, the most important pathogens isolated in post-radiotherapy cancer patients (17).

To corroborate these findings, a further clinical study showed that the combined chemotherapy-radiotherapy treatment protocols, often used in case of oral and oropharyngeal cancers at advanced stages, altered the oral microbiome and metabolomic profiles for 24-month post-treatment. Nitric oxide (NO−) homeostasis is crucial to mammalian physiology: as a free radical signaling molecule, NO− regulates cellular processes such as angiogenesis, smooth muscle tone, immune response, apoptosis, and synaptic communication (18). The recently described enterosalivary nitrate–nitrite–nitric oxide pathway has been shown to provide bioactive NO− from dietary nitrate source. This pathway is dependent upon oral nitrate-reducing bacteria, since humans lack this enzyme activity (18). The majority of downregulated metabolites, after chemotherapy-radiotherapy regimens, were nitric oxide-related precursor, modulator, and/or catalyst such as aspartic acid, phenylalanine, L-ornithine, L-proline, xanthine, tyrosine, and glycine (18). The salivary metabolites reflected the oral microbiome communities and supported the hypothesis of the loss of NO- bioavailability in oro-pharyngeal cancer patients post-chemotherapy-radiotherapy, due to the reduction of oral nitrate-reducing bacteria (18). chemotherapy-radiotherapy, indeed, resulted in oral dysbiosis associated with the specific depletion of genera regulating the enterosalivary nitrate–nitrite–nitric oxide pathway (18).



Opportunistic fungal infections

Cancer patients are at risk in developing opportunistic fungal infections and in particular oral candidiasis (OC) which can involve only the oral cavity or, more often, extend towards the oropharynx and esophagus or result in systemic infection. Neutropenia resulting from cancer as well as chemotherapy and/or radiotherapy treatments will promote the shift from the carrier state of Candida species (Candida spp), to pathogen state, leading to clinical debilitating infections (19).

The prevalence of OC in these patients may vary from different studies in literature, depending on populations studied and diagnostic criteria adopted (20). Overall, oropharyngeal candidiasis is reported to be present in 5%–60% of patients affected by solid tumors and in 20%–80% of patients underwent autologous bone marrow transplantation (21).

Diagnosis of OC is mainly based on clinical sign and symptoms in association with medical history of the patient: however, in immunocompromised patients, where fungal infections tend to recur and become chronic, the microbiological evaluation of the Candida spp involved, as well as their susceptibility to antifungal treatment, may be of help in the management of these infections, avoiding the emergence of resistant strains (22).

Three main clinical forms of OC have been described in cancer patients: pseudomembranous candidiasis, erythematous candidiasis and angular cheilitis. The most typical and easy to recognize form is the pseudomembranous (also known as oral thrush), characterized by the presence of whitish pseudomembranes that can be removed by scraping and leading to an erythematous base (Figure 1). Lesions tend to spread on all the mucous membranes of the oral cavity including tongue, cheeks, lips, palate and pharyngeal tissues. Often, in patients undergoing chemotherapy or radiotherapy of the head and neck region, this form of OC can also be observed as superinfection of oral mucositis. Erythematous candidiasis may present as acute or chronic form: it is generally associated with broad spectrum antibiotics or corticosteroids, commonly used in cancer patients. Dorsum of the tongue is the most common localization of this infection: it appears as dry, red, and shiny; palate is often simultaneously involved (kissing lesions) (20, 23).
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FIGURE 1
Oral pseudomembranous candidiasis of the soft palate in a cancer patient.


Angular cheilitis is classified as a Candida-associated lesion: the presence of yeast is not the unique etiological agent and bacteria, mainly Staphylococcus aureus, are implicated in its etiology. Clinically it appears as chronic erythematous inflammatory lesion of the labial commissures (both unilaterally or bilaterally), with painful fissures that tend to bleed with time.

Symptoms associated with fungal infections can be more or less pronounced, but cancer patients affected by chronic OC complain of burning, dysphagia and difficulty in feeding, with the need to start appropriate antifungal treatment and sometimes to suspend ongoing drug therapies.

The therapy of choice for superficial oral candidiasis is topical, due to a lower risk of side effect and drug interactions, while systemic therapy is generally reserved for recurrent infections or in immunocompromised patients with already extensive infections (19, 24). Polyenes (nystatin and amphotericin B) and some topical forms of azoles (clotrimazole, miconazole) are commonly used for OC: prolonged contact of drugs with the oral mucosa is recommended, repeated several times during the day. It should be noted that not all the formulations of the different antifungal agents are always available: for example, topical formulations of amphotericin B are not available in several countries and its use is reserved as systemic treatment in hospitalized patients with severe fungal infections (Table 1).


TABLE 1 Typical antifungal agents used for the treatment of oral candidiasis in cancer patients.
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Due to the frequency of fungal infections in cancer patients, the need to evaluate the efficacy of treatments that can prevent the onset of OC in these patients has emerged in the literature. In particular, a recent systematic review and network meta-analysis on 20 RCTs (26), reported that clotrimazole, compared with placebo, was the most effective antifungal agent in preventing OC, while fluconazole has the most risk-benefit profile. Unfortunately, there were no RCTs comparing clotrimazole with other antifungal agents.

Finally, the use of some probiotics species in preventing and treating oral and oropharyngeal candidiasis in different patient populations has been investigated in several studies (27–29). In particular, recently, a RCT investigated the effect of probiotic bacteria on oral Candida spp. counts in a group of patients who underwent head- and neck- radiotherapy, suggesting that probiotics were effective, alone or in combination with conventional therapies, in reducing Candida spp (30). However, although promising, many of these studies were not specifically targeted at evaluating the effect of specific probiotics on a particular host immunodeficiency status. Furthermore, further researches are needed to identify more clearly the inhibitory effect of probiotics on Candida spp. in the oral cavity (31, 32).



Other opportunistic infections

During oral cancer therapy, the neutrophil reduction can put patients at risk for bacterial infections, particularly odontogenic infections. Moreover, the mucositis resulting from chemotherapy represents a big gateway for bacteria into the bloodstream. The inflammatory response is altered, and in the case of infections, the clinical manifestations can be highly variable (33). Besides, the chances of maintaining proper oral hygiene are compromised and depend on numerous factors. The invasiveness of the surgery often limits the opening of the oral cavity and the possibility of accessing the posterior areas. In addition, the onset of mucositis can make oral hygiene maneuvers very painful. These variables, in addition to the reduction of salivary flow, increase the risk of caries and endodontic lesions and expose patients to the onset of periodontal and peri-implant infections. Progression of periapical infections that are untreated or unresponsive to treatment may lead to osteomyelitis of the jaws, resulting in swelling, pain, suppuration, sinus tract formation, bone sequestration, and a radiographically characteristic “moth-eaten” appearance. There are numerous bacteria which constitute normal oral flora, but which may become pathogenic with immune suppression and can cause sepsis: Viridans Strep, Prevotellae, Fusobacterium, Actinobacillus actinomycetemcomitans, and Actinomyces species may cause oral mucosal infections (34).

The impaired T-cell activity also exposes to viral infections. The oral viral infections include Herpes Simplex virus (HSV), Varicella Zoster virus (VZV), Epstein–Barr virus (EBV), and Cytomegalovirus are often complications of oral cancer treatments. The most common infection is Herpes Simplex. It is frequent in cases where the patient has also undergone chemotherapy in addition to radiation therapy. In particular, chemotherapy seems to be the main cause of the appearance of herpetic lesions. Depending on the patient's level of immunosuppression, exuberant clinical manifestations may occur, such as to confuse these lesions with mucositis or aphthous ulcers (35). Herpes Zoster can induce chickenpox when first infected, and then remain dormant in the neuron of a dorsal root ganglion or a cranial nerve. Later in life, or under a state of compromised immunity, the virus can re-emerge and trigger a unilateral, painful, vesicular rash along the distribution of a dermatome. Oral cancer is associated with Herpes Zoster and in particular, radiotherapy appears to increase the incidence of Herpes Zoster infection in oral cavity (36). Infection by EBV is known to cause infectious mononucleosis and is associated with many human lymphoid and epithelial cancers. The viral prevalent rates varied greatly, ranging from 15% to 77% (37) but the etiologic and tumorigenic roles of the virus in oral cancer remain unclear. Cytomegalovirus infection symptoms are generally evident in immunocompromised patients. Intra-oral lesions appear as nonspecific painful ulcers, usually present for weeks or months, on any mucosal surface. They are often mistaken for, or co-infected with, other viral or fungal infections (38).



Infections as prognostic factors in oral squamous cell carcinoma


Viral infections

At least 3% of oral cancer and 30%–60% of oropharyngeal carcinoma cases are possibly caused by HPV infection even though medical literature is still controversial (39, 40). A recent meta-analysis (41) found that HPV-positive status is an adverse prognostic factor for oral squamous cell carcinoma (OSCC), in contrast to the literature demonstrating that HPV-positive oropharyngeal squamous cell carcinomas patients have favourable treatment and survival outcomes. In particular, the result of this meta-analysis showed that the overall survival decreased in HPV-positive OSCC patients compared with HPV-negative. Furthermore, there was also significant decrease of distant control, i.e., metastases, for the patients with HPV-positive OSCC. Exploring the reasons of the difference, the Authors suggested that the prevailing variant of HPV infection in OSCC could be different from those found in other areas of head and neck HPV-positive. Also, the inactivation of HPV genetic expression p16 via environment factors (tobacco and alcohol) could also contribute to the different prognosis.

Of interest, could be the possible role of HPV vaccination strategies in patients suffering from head and neck squamous cell carcinoma (HNSCC). While a recent review and meta-analysis demonstrates that adjuvant HPV vaccination is associated with a reduced risk of cervical cancer and cervical intraepithelial neoplasia recurrence, the role of HPV vaccination on primary lesions and recurrences of OSCC remain unknown (42). Nevertheless, this strategy is considered promising since the FDA have recently included prevention of HNSCC among the indications for the 9-valent vaccine (https://clinicaltrials.gov/ct2/show/study/NCT04199689), and several studies are present in literature (43–45). To note, in a recent letter to the Editor, Yilong Hao and Colleagues reported, after the HPV vaccination, the appearance of a symptomatic form of oral lichen planus, a potentially malignant disorder (46).

The Epstein-Barr virus (EBV) was the first human virus associated to oncogenic potential. EBV infects approximately 90% of the world's adult population asymptomatically, and although EBV's role in oral carcinogenesis has not been established yet, its etiological role has been demonstrated in hairy leukoplakia, nasopharyngeal cancer, Burkitt's lymphoma, Hodgkin's disease, and B-cell lymphoma. In a paper aimed to collect data on the prevalence of EBV DNA in patients with OSCC, oral lichen planus, and oral leukoplakia in an eastern Hungarian population, the Authors (47) found that Epstein–Barr virus-positive and EBV-negative OSCC patients did not statistically differ in patient characteristics and exposure to risk factors (smoking and alcohol consumption). Furthermore, the presence of EBV in the tissues of the oral diseases and in OSCC did not increase, respectively, the risk of poor outcome or not influenced the survival (48).

Regarding the Human Immunodeficiency Virus-1 (HIV-1), the introduction of the antiretroviral combined therapy reduced the incidence of AIDS-associated cancers, in particular, Kaposi sarcoma and non-Hodgkin lymphoma. On the contrary, some others cancers, the so-called non-AIDS-defining cancers, have increased significantly (49). Among these, head and neck squamous cell cancers. A recent paper (50) explored the prognostic significance of the HIV infection in patient with head and neck cancer. The Authors, considering age at initial diagnosis, localization, and stage, found a significant difference in both overall survive and disease-free survival rates between patient living with HIV infection and HIV-negative well-matched patients.



Fungal infections

It is well known that chronic hyperplastic candidiasis is of particular significance due to the potential of malignant transformation that could be, in untreated patients, as high as 10% of the cases (51). Furthermore, several studies showed that Candida species are prevalent in oral squamous cell cancer patients as expected. Regarding the potential effects on oral cancer prognosis of fungal infection, recently, in a population of 100 patients suffering from OSCC the Authors did not observe a statistically significant effect of the yeast on the mortality rate (52).

However, the role of Candida spp. in the process of oncogenesis it has been studied and various pathogenic mechanisms involved in epithelial transformation have been investigated (53). Recently, candidalysin, a cytolytic toxin peptide exclusively secreted by pathogenical hyphal forms of C. albicans, it has been reported to be essential in epithelial damage and host recognition of candidiasis. This toxin is encoded by ECE1 gene, associated with fungal filamentation and host cell adhesion. Candidalysin damages the epithelial cells, inducing innate immune host response and promoting the expression of cytokines that can contribute to carcinogenesis (54, 55).



Bacterial infections

Syphilis is a chronic systemic infectious disease caused by the spirochaetal bacterium Treponema pallidum, that has predominant muco-cutaneous lesions, with or without systemic symptoms after the involvement of internal organs. In a recent paper (56), the authors aimed to verify if syphilis has an influence on prognosis in patients suffering from OSCC. Data were retrieved from the TriNetX network, a database that includes clinical data from many health care organizations from different countries. This study did not show a negative influence of syphilis on the five-year survival rate of patients with OSCC, compared to patients without syphilis.




Discussion

In order to assure a healthy mouth and a good quality of life, the management of oral cancer survivors requires a multidisciplinary approach and the involvement of specialist and non-specialist health care providers.

Because of a number of local and systemic conditions, subjects who received a diagnosis of mouth cancer, and have been treated for that, can be at high risk of local infections of any nature: bacterial, viral, mycotic, that can affect the wellbeing of these subjects, and complicate the course of the disease.

Thus, any health care provider involved in the management of oral cancer survivors should be aware of the infectious conditions that they can face and of the consequences that they might have on the oral and general health of this fragile subjects. That is clearly expressed by the American Cancer Society Head and Neck Cancer Survivorship Care Guidelines (endorsed by the American Society of Clinical Oncology) (57): besides recommending “to maintain close follow-up with the dental professional”, since “preventive care can help reduce caries and gingival disease”, they state that “primary care clinicians should refer head and neck cancer survivors to a qualified dental professional for treatment and management of complicated oral conditions and infections” (recommendation 3.20) (58).
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Antifungal Form Dosage Advantages/Disadvantages

agents

POLYENS

Amphotericin B Lozenges 10 mg" Dissolve 1 lozenge in the mouth 3-4 timesa  Scarse drug interactions, scarse strain resistance/short duration contact

Suspension®100 mg/ml

Pastilles® (200.000 U
each)

Suspension (100.000 U/
ml)

AZOLES

Myconazole Gel 2%, cream 2%

Mucoadhesive tablets,
50 mg

Fluconazole Suspension 50 mg/5 ml

Capsules 100-200 mg

Clotrimazole Troches 10 mg

Cream 1%

Itraconazole Capsules 100 mg

Ketaconazole Cream 2%

Oral tablets 200-400 mg

day after meals
Rinse the oral cavity 4-5 times a day after
meals

Dissolve 1 pastille in the mouth 4 times a

day after meals for 7-14 days

Rinse the oral cavity with 4-6 ml 4-5 times
a day after meals for 21 days

Apply directly on the interested area

Apply 1 tablet a day on the canine fossa for
7-14 days

Rinse the oral cavity with 4-6 ml 4-5 times
a day after meals for 21 days

1-2 tablets daily for 7-14 days

Dissolve 1 troche in the oral cavity 5 times
daily

Apply to affected area 2-3 times daily for 3-
4 weeks.

1-2 capsules daily for 7-14 days

Apply to affected area 2-3 times daily for 3-
4 weeks

4 tablets daily for 14 days

time, highly sucrose sweetened
Scarse drug interactions, scarse strain resistance/short duration contact
time, highly sucrose sweetened

Scarse drug interactions, scarse strain resistance/short duration contact
time, highly sucrose sweetened
Scarse drug interactions, scarse strain resistance/short duration contact
time, highly sucrose sweetened

Low risk of fungal resistance, once daily application/possible drug
interactions
Low risk of fungal resistance, once daily appli
interactions

on/possible drug

Risk of fungal resistance, possible drug interactions

Indicated for mild to severe discases/Risk of fungal resistance, possible
drug interactions

Risk of fangal resistance, possible drug interactions

Risk of fungal resistance, possible drug interactions

Indicated in fluconazole-resistant diseases, possible drug interactions

Possible skin irritations and headache

Indicated in systemic fungal infections; can cause severe hepatotoxicity,
potential teratogenicity, possible drug interactions

°Not available in all countries.
Adapted from lombardi et al 2020 (25).
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