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a b s t r a c t 

Oral mucositis secondary to head and neck chemoradiation 

displays a complex molecular pathogenesis involving epithe- 

lial and microvascular injury, release of pro-inflammatory cy- 

tokines, and host-microbiome communications. These pro- 

cesses lead to oxidative stress and the release of reactive 

oxygen species that stifle the structural integrity of the oral 

mucosa, with emergence of erosions and ulcers. The con- 

sequences are malnutrition, psychological/psychiatric symp- 
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toms, poor quality of life, and occurrence of opportunistic 

infections. The latter pose a major challenge due to the risk 

of interruption of anti-neoplastic therapy, tumour recurrence 

and, ultimately, death. This article aims to present the clini- 

cal characteristics, molecular pathogenesis, and an overview 

of the predisposing factors and current management of 

oral mucositis. It is anticipated that the future direction of 

the management of oral mucositis will focus on evidence- 

based prehabilitation and pre- and per-chemoradiation ther- 

apy monitoring. 

© 2021 Elsevier Inc. All rights reserved. 
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Mucositis is an inflammatory process that involves the mucous membranes of the alimentary

ract (i.e., oesophagus, stomach, and intestine). Oral mucositis is the most common side effect

f radiotherapy and/or chemotherapy. Quality of life has been known to be drastically affected,

ven compromising the administration of the anti-cancer regimen itself, leading to morbidity

nd mortality. 1 The frequency of oral mucositis differs among populations worldwide and is

ften underreported due to the heterogeneity of the studies and multiple scoring criteria for

iagnosis. 2 , 3 

Clinicians have realized that oral mucositis is no longer an individual problem, but a na-

ional healthcare obligation, particularly in low/middle income countries. 4 , 5 A recent systematic

eview revealed that oral mucositis is associated with increased use of resources, additional con-

ultations, and prolonged hospitalizations, resulting in a substantial increment of spending, plus

conomic pressure on the patient and the health insurance system during the treatment period. 3

he distressing physical, psychological, economic, and systemic burden due to the spectrum of

ucositis has required effective solutions to mitigate this condition. 

nderstanding the economic burden 

Treatment costs per head and neck cancer patient increase by up to USD $1,700 for indi-

iduals with oral mucositis grade < 3 and up to USD $3,600 for those with oral mucositis grade

3. 6 The budget allocated to the management of individuals with oral mucositis usually includes

pending on prolonged hospitalization, emergency departments visits, hospital admission, num-

er of clinic visits, nutritional consultations, total parenteral nutrition, use of a feeding tube or

astrostomy tube, use of analgesics and opioids, and use of oral or intravenous antibiotics. Mur-

hy et al. 7 observed that, among individuals with head and neck cancer, 85% needed opioids,

1% required a feeding tube, and 30% were hospitalized due to mucositis, with a mean time of

ospitalization of 4.9 days. A study showed that the incremental cost of oral mucositis was ap-

roximately $5,0 0 0 to $30,0 0 0 among patients who received radiation therapy and $3,700 per

ycle among patients who received chemotherapy. 8 Furthermore, the Ontario Case Costing Ini-

iative provided data on the total cost for the management of oral mucositis and stomatitis in

linically homogeneous groups, ranging from $2,957 to $4,966. 9 

linical considerations 

Integrity of the oral mucosa protects the underlying tissues from environmental threats. 10 , 11

ral mucositis can manifest as oral mucosal atrophy, erythema, erosion, and ulceration or as a

ombination of these manifestations ( Fig. 1 ) . It is exacerbated by injuries caused by sharpened

eeth, bruxism, food scraps, foreign substances, and microorganisms. 12 The clinical manifesta-

ions of oral mucositis commonly observed in non-keratinized tissues begin as painful erythema
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Fig. 1. Clinical aspects of chemotherapy-induced oral mucositis. (A) Multiple ulcers in the right buccal mucosa with 

areas of necrosis in the lower lip mucosa. (B) Upper and lower lip exhibiting epithelial necrosis and ulcerations. (C) 

Multiple ulcerations in the soft palate, ventral surface of the tongue and lower lip mucosa. (D) Extensive ulcer with 

areas of necrosis and pseudomembrane covering the dorsum of the tongue. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and inflammation of the affected mucosa. Thus, subsequent ulcerations become a free entryway

for microorganisms. 

Dysphagia caused by oral mucositis can further worsen the severity of the oral lesions and

aggravate systemic symptoms such as fatigue and anorexia, alongside psychological symptoms.

It is estimated that about half the patients with oral mucositis have meaningful anxiety and

depressive symptoms. 13 These symptoms can affect patients’ perception of their quality of life

and might influence treatment outcomes according to adherence to therapeutic regimen, among

other mechanisms. 14 Despite this reality, there is a dearth of studies investigating psychiatric

symptoms and disorders within the context of cancer-related oral mucositis. Of note, radiother-

apy strongly contributes to the burden of oral mucositis among head and neck cancer patients.

Even with a dose of 50 Gy given during head and neck cancer therapies, there are sequelae

such as dysphagia with xerostomia and changes in taste leading to anorexia. 15 In this context,

the approach to these symptoms requires a comprehensive assessment prioritizing treatment

of the underlying causes and addressing psychosocial distress with a multidisciplinary oncology

team. 16 

Given the relevance of the topic, our aim is to discuss the pathophysiology and management

of oral mucositis in individuals with chemo-radiated oral cancer. The influence of antineoplastic

treatment on the interruption of oral mucosa homeostasis is also explored. 

Pathophysiology of oral mucositis 

The epithelial cells of the oral mucosa have a rapid renewal cycle of seven to 14 days. The

pathophysiology of oral mucositis starts with the initiation phase which involves injury to the

cells, upregulation of inflammatory cytokines, a primary damage response, plus signalling and

amplification of the inflammatory cascade, followed by ulceration and healing of the mucosa by

epithelial proliferation. 17 In contrast to what is observed in self-limited oral ulcers, the pathology
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f oral mucositis is not restricted to the mucosal epithelial layer, but also covers the deepest

ubmucosal tissues involving multiple signalling pathways ( Fig. 2 ) . 

nitiation phase 

Chemoradiation-induced DNA cleavage causes damage to the basal epithelium and submu-

osa. Subsequently, lipid peroxidation and the generation of reactive oxygen species (ROS) trig-

er a series of molecular reactions in the connective tissue before clinically manifesting on the

pithelium. 18 

pregulation and message generation/primary damage response 

Mucosal damage occurs as a consequence of a multifaceted series of molecular events after

he initiation phase. DNA cleavage activates transcription factors such as p53 and nuclear factor

B (NF- κB). In addition, cell membrane-bound molecules upregulate genes encoding the c-Jun

-terminal kinases (JNK) which, in turn, will upregulate nuclear factor erythroid 2-related factor

 (NRF2). 19 

NF- κB can run a gamut of 200 genes involved in pro- and anti-apoptotic functions. Activation

f NF- κB, the central mediator of pro-inflammatory gene induction, leads to the production of

nflammatory cytokines, chemokines, and adhesion molecules. Among these are death agonists

hich instigate cell death (e.g., BAK, BIK, BAX, and BID), manifesting clinically as an injury to

he mucosa. The activation of transcription factors influences the release of pro-inflammatory

ytokines such as TNF- α, IL-1 β , and IL-6, which initiate ectomesenchymal signalling that re-

uces epithelial oxygenation, exacerbating the damage to the basal epithelial cells, connective

issue, and the endothelium. 20 Non-DNA damage by radiation occurs by means of the activa-

ion of an enzyme called sphingomyelinase (or ceramide synthase) which hydrolyses the lipid

phingomyelin from the cell membrane and initiates the apoptotic pathway. This intracellular

phingolipid mediator, ceramide, modulates a transduction signal inducing apoptosis through

ey transcription factor activator protein (AP-1) activation. AP-1 causes the secretion of matrix

etalloproteinase (MMP), affecting the subepithelial collagen matrix (MMP1) and the epithelial

embrane (MMP3). 10 All of these enzymes result in injury within the tissue of the submucosa

nd disrupt the integrity of the interface between the epithelium and submucosa at the base-

ent membrane level. 

ignal amplification 

Signals are amplified due to tissue damage, apoptosis, vascular permeability, and activation of

nzymes (e.g., cyclooxygenase-2). Pro-inflammatory cytokines provide a positive feedback loop,

ntensifying the response to primary damage. TNF- α is an efficient activator of NF- κB and also

nitiates the signalling of the mitogen-activated protein kinase (MAPK), leading to the activa-

ion of JNK which, in turn, regulates the transcriptional activity of AP1. 21 This complex pathway

ltimately results in activation of caspase 3 and cell death. 

lceration 

The tissue lesion is clinically manifested as a sloughed/denuded epithelium, with inflamma-

ion of the mucosa and ulceration. The neutropenia associated with chemoradiation disrupts

he function of immune cells and the peeled epithelium. 22 Ulceration is a gateway for mi-

roorganisms to penetrate deep into the connective tissue, causing an additional release of pro-
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Fig. 2. Pathophysiology of oral mucositis showing phase I (0-2 days), phase II (2-3 days), phase III (2-10 days), phase IV (10 -15 days), and phase V (15-21 days). 
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Fig. 3. Common oral mucositis scales depicting grades. Note: NCI-CTCAE, National Cancer Institute - Common Terminol- 

ogy Criteria for Adverse Events; RTOG, Radiation Therapy Oncology Group; and WHO, World Health Organization. 
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nflammatory cytokines, which perpetuate the cascade. 23 The invasion by microorganisms also

ncreases the risk of secondary infection and, as a consequence, of bacteraemia and sepsis. 24 

ealing 

The healing of these confluent mucosal ulcers depends on several host factors such as sys-

emic diseases (including baseline disease), host immunity, or presence of opportunistic infec-

ions. The signals of the submucosal and mesenchymal extracellular matrix influence the rate of

igration, proliferation, and differentiation of epithelial cells and the consequent healing. 25 

rades of oral mucositis 

Various scales are available in the literature for the assessment of the severity of mucositis

 Fig. 3 ) . The most common scales that provide the grade of oral mucositis in an objective way

re the tools of the World Health Organization (WHO), the Radiation Therapy Oncology Group

RTOG), and the National Cancer Institute (NCI) - Common Terminology Criteria for Adverse
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Events (CTCAE). 26 The WHO and RTOG tools are less complicated than the CTCAE scale; how-

ever, the CTCAE is known to incorporate both objective and subjective interpretations of the

symptoms, which make it more significant. An increase of one point in the score for oral mu-

cositis is indicative of more prolonged hospitalization, higher odds of having fever, secondary

infection, dependence on total parenteral nutrition, and use of intravenous opioid analgesics. 27 

Differential diagnosis of oral mucositis 

The differential diagnosis of oral mucositis includes multiple conditions such as traumatic

ulcers, erosive lichen planus, aphthous ulcers, herpetiform ulcers, erythematous candidiasis,

vesiculobullous lesions, and malignancies ( Fig. 4 ) . 

The clinical manifestations of individuals with fungal or viral infections, and graft-versus-

host disease (GVHD) may be misdiagnosed as oral mucositis. In neutropenic individuals, whose

condition poses a dilemma for the clinician in deciding whether the lesion is oral mucositis or

the result of viral infection, exfoliative cytology and/or culture are mandatory to confirm the di-

agnosis. Herpetic ulcers usually involve the keratinized mucosa, whereas oral mucositis affects

the non-keratinized mucosa. Moreover, oral mucositis may be concomitant with chronic GVHD

commonly observed in individuals who have received allogeneic haematopoietic stem cell trans-

plantation. However, the differential diagnosis of these conditions is not straightforward and

requires the analysis of other clinical parameters such as medical history, use of immunomodu-

lating therapeutics, nutritional status, and others. 28 , 29 

Recent studies have pointed out that therapies including monoclonal antibodies that block

immune checkpoints have led to the development of lichenoid reactions, oral lichen planus,

and mucositis. 30–33 For example, Schaberg et al. 31 documented five cases of lichenoid eruption,

including one case of lichenoid mucositis, associated with anti-PD-L1 and anti-PD-1 therapy.

Shazib et al. 33 demonstrated that 10 of 13 individuals who were treated with nivolumab or pem-

brolizumab (PD-1 inhibitor) suffered immune-related adverse oral events, including lichenoid le-

sions, erythema multiforme, and acute GVHD reactivation. Likewise, a multicentre study demon-

strated that three of 33 individuals with recurrent or metastatic head and neck squamous cell

carcinoma undergoing therapy with pembrolizumab and cetuximab (EGFR inhibitor) had oral

mucositis as a treatment-related adverse event. 34 

Oral mucositis due to head and neck cancer therapy 

Oral mucositis is inescapably observed among individuals undergoing conventional anticancer

therapies for head and neck cancer. The frequency of severe cases has also increased at an alarm-

ing rate, affecting up to 66% to 85% of individuals treated for head and neck cancer. 35 The pro-

longed course of the lesions and their variable severity are a challenge for the treatment of oral

mucositis. Therefore, the natural history of the disease may be influenced by factors associated

with the host, tumour, and treatment, as detailed below: 

Host factors 

Although some host factors seem to predict the risk of oral mucositis, robust evidence is lim-

ited. 36 These factors could be non-modifiable, such as sex, age, chronic systemic comorbidities,

and genetic make-up, or modifiable, including diet and oral hygiene. Nonetheless, the severity

of oral mucositis can depend on sex (women are at increased risk), age (young adults have a

higher cell turnover than older adults, who, in turn, have increased mucosal damage and re-

duced reparative ability), chronic systemic diseases, host microbiome cross-talk, epigenetic and

genetic susceptibilities (more evidence required for the association of the TNKS, ERCC1, XRCC1 ,
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Fig. 4. Differential diagnosis of oral mucositis. (A) Traumatic ulcer showing a solitary irregularly shaped ulcer, raised 

margins and keratotic border. (B) Traumatic ulcer with stromal eosinophilia. Same as traumatic ulcer, long standing 

with/without indurated base. (C) Ulcerative lichen planus showing multiple shallow ulcers with Wickham’s striae. (D-F) 

Aphthous ulcer exhibiting a shallow circular shape with an erythematous halo. (G-H) Vesiculobullous ulcerative lesion 

showing an irregular painful ulcer with epithelial tags preceded by vesicles/bulla. (I) Malignant non-healing indurated 

ulcer with everted edges and rolled out borders. 

a  

v  

g  

d

T

 

c  
nd MTHFR genes), impaired liver and renal function (increased mucotoxicity is linked to ele-

ated serum creatinine levels), and a prior history of cancer treatment. 37 , 38 Likewise, oral hy-

iene, high levels of salivary TNF- α, comorbidities, and anxiety and/or depression 

13 have been

ocumented as predictors of oral mucositis. 

umour factor 

The presence of mucositis is more frequent in advanced stage tumours, tumours of the oral

avity and neighbouring regions, proximity to the radiation site, and tumours with positive mar-
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gins. 39 The presence of extranodal extension (advanced tumour) requires the need for concomi-

tant chemoradiation after surgery, which is remarkably mucotoxic with the use of increased

doses. 40 However, in selected cases with a very poor prognosis, palliative support with lower

doses is considered to be less mucotoxic for the affected individuals. 39 

Treatment modalities 

The intensity of oral mucositis depends on cumulative radiation dose, volume, fields/portal

of radiation, fractional doses, type of ionizing radiation, concurrent chemoradiation/neoadjuvant

chemotherapy, and any targeted therapy given. 

Anticancer therapies such as chemoradiation are delivered with the purpose of halting the

exponential growth of tumour cells. 41 The oral mucosal cells have high mitotic activity and are

shed within the site of radiation. The shed mucosal cells are feeble and break down, resulting in

ulcers, erosions, and opportunistic infections. The non-keratinized tissues of the oral mucosa lack

the protective keratin coating and are often affected by radiation. The course of oral mucositis

differs depending on its aetiology and the anti-neoplastic treatment employed (chemotherapy

vs. radiation or concomitant chemoradiation therapy). 7 , 42 , 43 

Radiation and oral mucositis 

Given the anatomical location and the relatively high radiosensitivity of head and neck can-

cers, radiation is usually the treatment of choice. 41 Radiation increases local cure and survival

rate by strongly striking the tumour. However, irradiation of the adjacent normal tissues is a

side effect that may lead to late toxicity involving laryngeal and pharyngeal functioning. 5 

Despite the use of a fractional amount of radiation at lower doses, the first symptoms of oral

mucositis are observed at the beginning of the first and second weeks of radiotherapy with a

cumulative dose of 10–15 Gy. 44 The symptoms of oral mucositis worsen in severity during radi-

ation. Deep confluent ulcers in the mucosa of the tongue, gingiva, and palate develop with a cu-

mulative dose of 30 Gy (week 3) and are extremely painful. Other consequences of oral mucosi-

tis include disabling pain, dysphagia, odynophagia, dehydration, anorexia, weight loss, electrolyte

imbalances, and a tendency to secondary systemic infections. Moreover, dysgeusia, hypogeusia,

and ageusia can cause food aversion, nutritional deficit, cachexia, and greater predisposition to

infections. Pain and discomfort during speech and swallowing may force the oncologist to indi-

cate the placement of a feeding tube, i.e., Ryles nasogastric tube and a percutaneous endoscopic

gastrostomy tube for nutritional support. 

Finally, a few studies have shown the bidirectional association between oral mucositis and

psychiatric symptoms, such as anxiety and depression. Patients with oral mucositis are at in-

creased risk of developing anxiety and depressive symptoms, 13 while these symptoms, espe-

cially anxiety, have been associated with a higher probability of incidence and greater severity

of oral mucositis. 45 Given their impact on quality of life, greater attention should be paid to

these symptoms. Importantly, more research is warranted in this area in order to explore this

bidirectional association (both in the short- and long-terms) and the potential of specific thera-

peutic interventions delivers better clinical outcomes. 

Effect of radiation on the salivary glands 

Oral cancers treated with intensity-modulated radiation therapy (IMRT) may have the same

risk for the development of oral mucositis, with their safety feature of homogeneous radiation

distribution being offset compared to those treated with conventional radiation. 46 The salivary

glands are close to the target volume of head and neck cancers and are inevitably irradiated.
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orphological and functional changes such as loss of parenchyma, acinar atrophy and interstitial

brosis, duct proliferation, dilation of intercalated striated ducts, loss of secretory granules in

cinar cells, and infiltration of inflammatory cells such as lymphocytes and plasma cells in the

alivary glands after radiotherapy can trigger hyposalivation/xerostomia ( Fig. 5 ) . Moreover, the

educed salivary flow may be irreversible if the mean dose exceeds the threshold safety dose.

f note, there is a discrepancy in the limit dose ranging from 20 to 60 Gy, as discussed in the

iterature. 47 

The cumulative effect of radiation on the salivary glands depends on the irradiated gland

nd the technique deployed. The initial radiation dose of 10 to 20 Gy causes hyperkeratosis of

he oral mucosa, which is often unnoticed. On the other hand, at a dose of 20 Gy, erythema

s the first clinical sign of oral mucositis. 48 With an accumulated total dose of 30 Gy admin-

stered after the third week of treatment, ulceration may be observed, occasionally leading to

olonization by opportunistic microorganisms. 49 The use of multiple fractions per day result-

ng in a cumulative mean radiation dose of > 65 Gy rapidly disrupts dividing tumour cells in

he presence of toxic mucosal reactions compared to conventional fractionation, which is less

ffective and more toxic. 49 , 50 The Asian expert panel guidelines have recommended the use of

idline radiation blocks and three-dimensional radiation treatment delimiting/demarcating the

ontours of the tumour by radiation, while obscuring the contiguous normal mucosa to min-

mize the severity of mucositis. 51 Once the radiotherapy treatment is complete, mucositis will

pontaneously subside within two to six weeks. Furthermore, key histo-biochemical changes in

he salivary glands include mast cell congregation in response to radiation-induced inflamma-

ory cytokines that play a role in later-occurring damage and increased deposition of hyaluronic

cid (produced in large quantities by activated fibroblasts), which at a later stage is indicative of

ronounced tissue damage. 52 , 53 

Notably, the loss of parenchyma observed in the parotid glands is much greater than the loss

ccurring in irradiated submandibular glands since the parotid glands contain more acini formed

y serous cells. The saliva produced and excreted by these damaged irradiated glands has inad-

quate volume, flow, and composition, which, in turn, affect the digestive and protective pro-

esses of the oral cavity. 54 The submandibular glands, for example, secrete unstimulated saliva

nd support the maximum impact since they are located inside the radiation portals. Also, the

ymph nodes in the vicinity of the submandibular glands are considered to be one of the eche-

on nodes of cancers of the oral cavity. Thus, the constant flow of unstimulated saliva is essential

or lubricating the oral cavity and maintaining the integrity of the oral mucosa. 55 

ffect of chemotherapy and oral mucositis 

Depending on the type of drug administered and its mechanism of action, other sites of

he alimentary tract, including the oropharynx, oesophagus, stomach, and intestine, can be af-

ected, causing dysphagia, gastritis, and diarrhoea. 56 Multi-drug therapies (e.g., a combination of

-fluorouracil, cyclophosphamide, methotrexate, and epirubicin) are known to decrease salivary

ow and modify the salivary composition of individuals with cancer. Hyposalivation can increase

he risk of oral mucositis, dysphagia and odynophagia, and adversely affect the patient’s quality

f life. 56 

Previous animal studies have demonstrated that the use of 5-fluorouracil reduces the weight

f the salivary glands, causes oxidative stress, apoptosis in the submandibular and parotid gland

cinar cells due to the periductal oedema, cell vacuolization, and increased influx of inflamma-

ory cells and cytokines. 57 As a consequence, the risk of oral mucositis increases, and its severity

s further augmented with the associated leukopenia. Furthermore, the atrophy of the salivary

lands weakens the protective salivary function known for its protective action against oral mu-

ositis. Hyposalivation caused by these toxic drugs slows the healing of confluent mucous ulcers,

robably due to loss of salivary clearance and antimicrobial function. 57 

Ulcers and erythema in the oral cavity induced by chemotherapy are more diffuse and

idespread and appear within two weeks after the onset of chemotherapy, in contrast to ra-
Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en National Library of Health 
and Social Security de ClinicalKey.es por Elsevier en abril 28, 2022. Para uso personal exclusivamente. No se 

permiten otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



S.S. Shetty, M. Maruthi and V. Dhara et al. / Disease-a-Month 68 (2022) 101300 11 

F
ig

. 
5

. 
E

ff
e

ct
s 

o
f 

ch
e

m
o

-r
a

d
ia

ti
o

n
 
th

e
ra

p
y
 
o

n
 
sa

li
v

a
ry
 
g

la
n

d
s.
 

Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en National Library of Health 
and Social Security de ClinicalKey.es por Elsevier en abril 28, 2022. Para uso personal exclusivamente. No se 

permiten otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



12 S.S. Shetty, M. Maruthi and V. Dhara et al. / Disease-a-Month 68 (2022) 101300 

Table 1 

Summary of level I evidence on oral mucositis in head and neck cancer provided by articles retrieved in 

PubMed/MEDLINE 

Authors (year of publication) No. of 

studies 

Summary of recommendations and conclusions 

Bjordal et al. [58] 11 Red and infrared photobiomodulation therapy may partly prevent 

the development of cancer therapy-induced oral mucositis 

Jensen et al. [59] 32 Pilocarpine and pentoxifylline were determined to be ineffective 

Yarom et al. [60] 49 Suggestion in favour of zinc and a recommendation against 

glutamine 

Nicolatou-Galitis et al. [61] 41 Recommendation for benzydamine. Use of other 

anti-inflammatories needs more evidence 

McGuire et al. [62] 52 Does not support chlorhexidine. Additional well-designed 

research is needed for other interventions 

Leung & Chan [63] 5 Glutamine effective in chemo-radiated oral mucosa 

Co et al. [64] 8 Honey is beneficial; however, no definite reduction in peak 

mucositis score 

Peng et al. [65] 57 Photobiomodulation therapy in addition to standard oral care 

may be a more effective prophylactic treatment 

Carneiro-Neto et al. [66] 60 MuGard - mucoadhesive hydrogel; PerioAid Tratamiento®

antiseptic mouthrinse with chlorhexidine and cetylpyridinium 

chloride; Episil® plus benzydamine - bioadhesive oromucosal gel; 

0.03% Triclosan mouthwash Colgate Plax; and 

photobiomodulation therapy are safe 

Daug ̇elait ̇e et al. [67] 55 Individual oral hygiene does not prevent oral mucositis; 

professional oral hygiene is required. Palifermin, chlorhexidine, 

Smecta, Actovegin, Kangfuxin, L. Brevis lotion, royal jelly, 

benzydamine, and zinc supplement are effective. 

Photobiomodulation therapy and cryotherapy showed efficacy 

Münstedt et al. [68] 17 Honey is likely to be effective for prophylaxis and treatment 

Christoforou et al. [69] 6 Non-opioid interventions, including topical doxepin, amitriptyline, 

diclofenac and benzydamine, were found to provide relief of pain 

due to mucositis 

De Sanctis et al. [70] 10 Precise dose-volume parameters, as well as a definition of oral 

mucositis anatomic boundaries should be paramount in order to 

reduce the subsequent incidence of oral mucositis in head and 

neck cancer 

Hong et al. [71] 17 Multi-agent combination oral care protocols are beneficial. 

However, chlorhexidine is not used to prevent oral mucositis in 

individuals undergoing head and neck cancer radiotherapy 

Campos et al. [72] 19 Photobiomodulation therapy for oral mucositis in individuals 

receiving head and neck cancer treatment was clinically effective 

and cost-effective 

Saunders et al. [73] 71 Efficacy of a morphine-doxepin mouth rinse is suggested. 

Recommendations against chlorhexidine mouthwash, sucralfate, 

and antimicrobial lozenges 

d  

o  

o  

t

T

 

o  

o  
iation, which causes ulcers limited to tissues in the radiation field. 57 Chemotherapy-induced

ral mucositis can affect the area targeted by radiation, including the keratinized regions of the

ral cavity; however, the gingiva and hard palate appear to be less prone to the effects of the

oxic components of chemotherapy. 57 

herapeutic approaches for oral mucositis 

The symptomatic control of pain and of hyposalivation/xerostomia, nutritional support and

ral decontamination accelerate the healing of the mucosa and the attainment of the basic goals

f the treatment of oral mucositis. A summary of recommendations is displayed in Table 1 . 58–73
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Prehabilitation 

The rationale for prehabilitation is based on the pathogenesis of oral mucositis. Complica-

tions related to compound treatment trigger a sequence of biological events that lead to tissue

damage and prehabilitation may minimize the action of the initial triggering factors. 74 Ideally,

prehabilitation should begin at the time of cancer diagnosis, with frequent surveillance of oral

lesions during adjuvant therapy. 

The appearance of multiple painful oral ulcers during treatment impairs the individual’s abil-

ity to maintain oral hygiene. Accordingly, the guidelines of the Multinational Association of Sup-

portive Care in Cancer/International Society for Oral Oncology (MASCC/ISOO) recommend a tai-

lored approach and the use of a standardized oral health care protocol, including brushing with

a soft brush, dental floss, and the use of non-medicated rinses such as saline. 75 Thus, adequate

hygiene of the oral cavity can prevent or minimize the occurrence and severity of complications

by interrupting the onset of bacteraemia induced by opportunistic pathogens. 

The salivary glands, oral mucosa, skin, and bones are susceptible to systemic complications

such as dehydration, malnutrition, and infections. The stages of mucositis are co-dependent, me-

diated by cytokines, epithelial damage, opportunistic infections, altered microbiome, and bone

marrow status. In this respect, prehabilitation can interrupt this inflammatory process and its

further progression. Prehabilitation must focus on improving oral health by removing poten-

tial focal points of inflammation/infection, thus expanding the therapeutic window of the toxic

chemoradiation protocols ( Fig. 6 ) . 

a) Tobacco cessation 

Smoking cessation by means of pharmacological (nicotine replacement therapy and cysteine)

and nonpharmacological aids (counselling) is strongly recommended during prehabilitation. 76 , 77 

b) Prehabilitation of the oral mucosa 

The replacement of cells in the oral epithelium is impaired, with consequent atrophy and

ulceration of the mucosa. Plaque control with daily topical application of 1% neutral sodium flu-

oride gel and a non-cariogenic diet may reduce the occurrence of infections during the course

of treatment. Mouthwashes with antiseptic analgesics and oral prophylaxis may minimize the

rapid decalcification of tooth enamel caused by the action of radiation (radiation caries). More-

over, administration of medications that induce xerostomia/hyposalivation (e.g., anorectic agents,

antiemetics, or antihistamines) should be carefully considered. 42 

c) Stents 

Intraoral stents are beneficial during radiotherapy. They extend the distance between the

maxilla and mandible, restrict mandibular motion, directing the radiation beams precisely to

the target area and preventing irradiation of the contiguous normal mucosa. This can minimize

the hostile effects of radiation, including the appearance of oral mucositis, osteoradionecrosis,

and xerostomia/hyposalivation. Custom-made intraoral stents are comfortable to wear, protect 

the tongue, floor of the mouth, and mandible from radiation during open-mouth treatment, and

allow repeated insertion and periodic examination. 78 

Management of oral mucositis 

The treatment of oral mucositis is performed at its best through prophylactic measures that

guarantee the anticipated identification of the cause and subsequent prevention. Multiple stud-

ies and clinical trials with palliative drugs have been performed in an attempt to prevent and

control oral mucositis (Table 1) . 58–73 However, high level evidence of a single target therapeutic

drug for curing oral mucositis is lacking. It was only in recent years that keratinocyte growth

factor was approved by the Food and Drug Administration ( FDA ) for its promising action on
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Fig. 6. Prehab-rehab flowchart showing how to minimize the effects of radiotherapy and/or chemotherapy on the oral 

cavity. 
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d  

a  
he reduction of mucositis. In addition, the management of oral mucositis aims to provide nutri-

ion, rejuvenation of the dry mouth, management of oral bleeding due to chemotherapy-induced

hrombocytopenia, pain relief with anaesthetic mouthwashes, bioadhesive topical agents for the

ucosa, and management of the condition with therapeutic interventions. 

a) Mouthwashes 

Anti-inflammatories such as benzydamine hydrochloride inhibit pro-inflammatory cytokines,

ncluding TNF- α, and can reduce the severity of oral mucositis, as demonstrated in a phase III

linical trial by Epstein et al. 79 An anti-inflammatory oral rinse has shown effectiveness in re-

ieving post-radiation oral mucositis, but it had no effect on lesions associated with concomitant

hemoradiation regimens. 

According to the latest MASCC/ISOO clinical practice guidelines, it is recommended to rinse

ith benzydamine the mouth of individuals with head and neck cancer receiving a moderate

ose of radiotherapy or chemoradiotherapy for the prevention of oral mucositis. 75 In addition,

 0.2% morphine mouthwash has been indicated for the treatment of pain associated with oral
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mucositis. By contrast, treatment with combined topical and systemic sucralfate is not recom-

mended for the prevention of pain associated with oral mucositis in individuals with head and

neck cancer. 75 

It is noteworthy that chlorhexidine bisguanidine is not recommended by the MASCC/ISOO

guidelines, despite its broad spectrum antibacterial and antimycotic action. 65 Chlorhexidine con-

taining alcohol works as a divalent cation and binds to negatively charged salivary mucins or

glycoproteins rather than directly to the epithelial tissues. Post-chemoradiation-induced xeros-

tomia eliminates the protective lubricating coating of oral epithelial tissues and mitigates the

effect of chlorhexidine. 66 

Among the different types of mouthwashes with biologically natural ingredients available on

the market, those containing chamomile, honey, and curcumin have been used, but the level of

evidence about their effectiveness is low. 80 Of note, medicinal plant extracts of Isatis indigótica,

Olea europaea, Calendula officinalis, A. digitatae , and M. sylvestris are of proven clinical bene-

fit by reducing the severity and incidence of lesions, with improvement of pain symptomatol-

ogy. 80 A former study explored the efficacy of a mouthwash with doxepin or diphenhydramine-

lidocaine-antacid and observed a significant reduction in pain from oral mucositis during the

first four hours after administration. 81 Nonetheless, the long-term efficacy and safety of both

types of mouthwashes has not yet been validated. In contrast to other topical analgesic agents

with limited local properties, doxepin is an antidepressant with sedative properties. Although

the doxepin-mediated pain relief mechanism is not completely clear, its analgesic effects are

certainly related to the blocking of sodium channels, which limits the transmission of harmful

stimuli to mucosal nociceptors. 

b) Palifermin (recombinant human keratinocyte growth factor-1) 

Palifermin, Kepivance/KGF1, has demonstrated a substantial effect in reducing severe oral mu-

cositis associated with cycled chemotherapy. The stimulation of NRF2 and IL-13 minimizes ROS

damage and prevents the cleavage of DNA strands by their activation of DNA polymerases. It

also activates antiapoptotic factors such as Bcl-2, Bax, and p53 and increases epithelial regener-

ation. 82 An overall favourable economic profile has been shown for this agent in the anti-cancer

arsenal, despite its higher costs. A study showed that the average cost of hospitalization for pa-

tients with autologous hematopoietic stem cell transplantation ranges from $2,834 to $4,663. Of

note, reductions in adverse outcomes and their associated hospital stay offset the acquisition

price of palifermin. 83 

c) Vitamins 

Topical application of vitamins A and E has an anti-inflammatory and epithelial proliferative

effect and can minimize the oxidative damage to the oral mucosa. 84 Also, salivary and systemic

levels of immunoglobulins decrease in individuals receiving antineoplastic therapy. Intravenous

or intramuscular immunoglobulins have immunomodulatory and anti-inflammatory properties 

and can be used as prophylactic and therapeutic options for radiation-induced oral mucositis. 73 

d) Superoxide mimetics 

GC4419, a superoxide dismutase mimetic, has been successfully evaluated in a study by An-

derson et al. 85 It impedes the initial stage of mucositis in which ROS, including superoxide, are

generated and activate a cascade of biological events that culminate in tissue damage. In a phase

Ib/IIa trial in patients receiving standard concomitant cisplatin and IMRT for head and neck can-

cer, the incidence of mucositis, its duration and severity seemed to be improved compared to

historical data when GC4419 was administered at doses of 30 or 90 mg before each IMRT frac-

tion. Indeed, GC4419 has been associated with a decreased need for narcotic use with reduced

normal tissue toxicity, while maintaining anticancer efficacy. A nitric oxide potentiating effect of

GC4419 was seen in 0.09% of candidates who showed a dose-dependent increase in low-grade

hypotension, without frank syncope or perioral tingling. 85 
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e) Cryotherapy 

Oral cryotherapy causes local vasoconstriction, which may minimize the absorption of

hemotherapeutic drugs with a short half-life inside the mucous cells, reducing the severity of

ucosal ulcers. 86 A systematic review recommended the use of oral cryotherapy for the pre-

ention of oral mucositis for patients undergoing autologous hematopoietic stem cell transplant

ith high-dose melphalan conditioning protocols or for patients receiving bolus 5-fluorouracil

hemotherapy. 86 

f) Granulocyte stimulating factors 

Significant neutropenia during chemotherapy can accelerate the onset of ulceration. Clinical

tudies have shown that the systemic use of granulocyte colony-stimulating factor (G-CSF) or

ranulocyte-macrophage colony-stimulating factor (GM-CSF) can activate neutrophil migration,

romote their proliferation and differentiation, and cause chemotaxis and phagocytosis. Also,

-/GM-CSF may trigger the proliferation of mucosal epithelial cells through the paracrine mech-

nisms of fibroblasts. 87 , 88 

g) Probiotics 

The gut microbiota is known to play an important regulatory role in host immunity. 89 It has

een suggested that gut microbiota such as probiotics could modulate the anti-cancer immune

esponse and mitigate cancer treatment-related toxic side effects. 90 Probiotics such as Lactococ-

us lactis and Bifidobacterium longum initiate T and B cell memory and activate the immune

ystem by stimulating the production of salivary glycoproteins and antimicrobial peptides, pro-

ecting the oral mucosa from damage. 91 Thus, probiotic-based therapeutic interventions have

een shown to be beneficial for chemotherapy- or radiotherapy-induced mucositis, possibly by

egulating the microbiome and inhibiting pro-inflammatory cytokines. 92 

h) Photobiomodulation therapy (PBMT) 

Laser provides a “coating for the fibroblast” inducing rapid regeneration and growth factors. 93

BMT exploits the effect of light energy on living cells and is absorbed by cytochromes and por-

hyrins in the mitochondria. This triggers numerous pathways that stimulate cell proliferation

nd differentiation and the regeneration process, and modulates the inflammatory mediators.

verall, PBMT rejuvenates wound injury, stimulates wound regeneration, and decreases the pain

nduced by chemotherapy in oral mucositis. 75 , 94 A previous study demonstrated that individuals

ith head and neck cancer who underwent concomitant chemoradiation and PBMT showed a

rend toward better overall and disease-free survival when compared to the placebo arm. 95 

The low fluency of light modulates the release of inflammatory cytokines (TNF- α and NF- κB),

roduces a scanty amount of nitric oxide, and decreases the inflammation. 93 Targeted therapeu-

ic interventions include the administration of recombinant human keratinocyte growth factor-1,

ryotherapy, and PBMT, thus possibly reducing the levels of ROS and/or pro-inflammatory cy-

okines that trigger mucositis. 96 This is due to the fact that epidermal growth factor and ker-

tinocyte growth factor stimulate cell growth, differentiation and proliferation and accelerate

he healing of oral mucositis. 97 

onclusion 

Oral mucositis is linked to debilitating pain as well as impaired speech, swallowing, sleep,

nd feeding. Prolonged hospitalization and interruption of antineoplastic therapy may be neces-

ary to mitigate the symptoms of oral mucositis, with a consequent increase in total treatment

ime affecting tumour control, polypharmacy, and parenteral nutrition, with higher care costs. It

s essential to adopt preventive protocols for oral mucositis and to reinforce the daily need for

ctive surveillance of the oral cavity, as soon as toxic chemoradiation therapy has started. The

ral cavity is the primary target of mucotoxicity in view of the therapeutic challenge caused by
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a mixture of toxic therapies that cannot differentiate between normal and malignant cells. The

accessibility and the uniqueness of the oral cavity make it a “window” of potential mucotoxicity.

There has been a substantial effort in the field of oral medicine to propose strategies to alle-

viate the symptoms of oral mucositis since its ramifications have a significant clinical and eco-

nomic impact. Despite the understanding of its etiopathogenesis, treatment of oral mucositis is

still challenging and should focus on preventive measures. Thus, emphasis on the best measures

of supportive care, restoration of salivary flow during and after radiation, circumvention of neu-

tropenia, and administration of chemo-radioprotectors to minimize the debilitating effect of oral

mucositis should be encouraged. Further progress in diagnostic tools for predicting the risk of

oral mucositis and expand evidence-based interventions aiming to boost the clinical manage-

ment of this biologically intricate toxicity is the need of the hour. 

Consider summarizing the gaps in the literature (e.g., psychiatric impact of mucositis) and

strategies to move the field forward, including studies to be done. 
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