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ABSTRACT 

Oral mucositis in children is a frequent and severe consequence of chemotherapy and/or radiotherapy with an 

important impact on the prognosis of the underlying disease. This paper aims to provide an update on oral mucositis 

from a pediatric point of view. Thus, we will present pathophisiological and clinical issues as well as the main 

therapeutic options.  We will conclude by pointing out the methods linked with the best results in both prophylaxis 

and treatment, continuously emphasising the need to integrate a dentist in the pediatric oncology management team. 
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INTRODUCTION 

Up to 80% of children undergoing 

chemotherapy will develop mucositis, its 

incidence varying with the type of cancer 

and treatment. 
[1]

 A wide range of clinical 

manifestations may occur, altering the 

patient’s quality of life and determining 

chemotherapy or radiotherapy dose 

adjustment or interruption, thus modifying 

the prognosis of the underlying disease. 
[2][3] 

Therefore there is a need for personalized 

and efficient prevention and treatment 

measures of oral mucositis in children. 

Research in this topic in the pediatric 

population is scarce. Newly reported studies 

seem to provide data that suggest the role of 

the dentist in both prophylaxis and treatment 

is superior to other available methods. 
[2][3] 

We aim to provide an update from the 

pediatrician's point of view on oral mucositis 

in children, highlighting the necessity to 

integrate a dentist in the pediatric oncology 

management team. 

PHISIOPATHOLOGY 

Oral mucositis has been linked with various 

types of cancers, but it is important to note 

that not all cancer patients develop oral 

mucositis. Children with haematological 

malignancies experience mucositis more 

frequently than those with solid tumors and 

are also more likely to develop more severe 

degrees of mucositis. Out of all 

haematological malignancies, acute 

limfoblastic leukemia (ALL) is the most 

frequently linked to mucositis in children. 
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This may also be due to the fact that ALL is 

the most frequent malignancy in this age 

group and treatment includes chemotherapy 

medications that have been shown to lead to 

mucositis such as doxorubicin, 

cyclophosphamide and methotrexate. Other 

chemotherapy agents linked to mucositis are 

fluorouracil (5-FU) and etoposide. 
[2] [3] [4]

. 

The complete phisopathological mechanism 

of oral mucositis in not completely known. 

Sonis, 2004 proposed a five biological stage 

model of progression for oral mucositis: 

initiation, primary damage response, signal 

amplification, ulceration and healing. 
[5]

 The 

consensus is that the initiation occurs after 

the dose of chemotherapy/radiotherapy that 

determines DNA and non-DNA damage in 

the basal epithelial cells and the submucosa. 

Primary damage response is not yet 

completely defined. DNA lesions and 

reactive oxigen species upregulate a series 

of transcription factors and genes, of which 

nuclear factor-KB (NF-kB) is seems to have 

the most significance in relation to toxicity 

and tumor resitance therapy. NF-kB 

activation is related to upregulation of 200 

different genes and has both pro-apoptotic 

and anti-apoptotic consequences. During 

signal amplification NF-kB is upregulated 

by a positive feedback loop that involves 

tumor necrosis factor alfa (TNFα). This also 

amplifies  cell death and the formation of 

free radicals which, in turn, determine 

cellular damage that promotes 

proinflamatory transcription factor 

activation and increased inflamatory 

cytokine production. Primary cytokines 

involved are tumor necrosis factor alfa 

(TNFα), interleukin-1 and interleukin-6. 

Whilst the biological chaos is evident, the 

clinical picture is not proportional. Patients 

in this phase have few symptoms. The next 

phase is ulceration, which is usually 

associated with infection due to the loss of 

the protective barrier. Proinflamatory cells 

become envolved as result of the microbial 

agent assault, which is modulated by the oral 

bacterial flora. This is hypothised to promote 

the expression of the proapoptotic genes and 

increase injury. Another factor contributing 

to injury is the damaging enzymes produced 

by the inflammatory cells. Finally the last 

phase is the healing phase that involves 

reepithelization of the damaged tissue. It is 

likely that the processes leading up to to 

mucositis modulate the healing process. The 

submucosal extracellular matrix and the 

mesenchym signal and regulate the epithelial 

cell migration, the rate of the proliferation 

and the differentiation of the healing tissue. 

External factors contributing to the process 

are the type of cancer treatment 

(radiotherapy/chemotherapy), selected 

agents, dose and timing of the therapy. 
[5][6]

   

CLINICAL MANIFESTATION 

Clinical manifestations of oral mucositis 

may include erythema and generalized 

oedema of the mucosa, ulcerative lesions, 

thickening of the saliva, oedema of the 

gums, pain that varies in intensity, bleeding 

gums. This may lead to refusal of solid diet 

or/and liquid diet and can become 

lifethreatening.  

The World Health Organisation 

Recommandations for Grading of Acute and 

Subacute Toxic Effects criteria of 1979 

(table 1) are still used to evaluate the 

severity of mucositis. 
[6] [7] 

Carreon-Burciaga et al (2017) performed a 

correlation between the WHO clinical 

criteria and the underlying phisiopathology. 

They consider grade 1 mucositis to be 

related to the interleukin-1 and 

tumornecrosis factor alfa release, which end 
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up in erythema and generalized oedema 

without pain. Grade 2 is the amplification of 

released factors, occuring 4-5 days after the 

initiation of the treatment. The ulcerative 

lesions are not extensive and cause slight 

pain, but solid food swallowing is not 

impaired.  Grade 3 is related to the loss of 

the defensive barriers and risk of 

infection.The ulcers are extensive, the gums 

are markedly oedematous and the saliva is 

becoming very thick. Only liquid 

swallowing is not impaired. In grade 4 

ulcers are far more extensive, bleeding gums 

and infections are observed. Saliva is absent. 

Pain is very intense. The patient cannot 

swallow solids or liquids. 
[6]

.   

The cross-link between the WHO criteria 

and the Carreon-Burciaga et al correlation is 

illustrated in table 1. 

Grade 0 (none) Absence of mucositis 

Grade 1 (mild)(inflamatory, initiatory or 

vascular) 
Oral soreness/erythema 

Grade 2 (moderate)(epithelial or amplification 

of signals) 
Oral soreness/erythema, ulcers, solid diet 

tolerated 

Grade 3 (severe) (ulcerative and 

bacteriological) 
Oral soreness/erythema, ulcers, liquid diet only 

Grade 4 (life threatening) (ulcerative and 

bleeding) 

Oral soreness/erythema, ulcers, oral 

alimentation impossible 

Table 1: The cross-link between World Health Organisation Recommandations for Grading of 

Acute and Subacute Toxic Effects criteria of 1979  and Carreon Burciaga phisiopathological 

standpoint
[6][7] 

The symptoms usually start one week after the 

administration of the cytostatic agent and may 

last up to 30 days. The assessment of 

symptoms severity should rely on measurable 

changes within the oral cavity that should be 

determined by a dental expert. [3] 

Given the symptom diversity and localisation, 

an interdisciplinary approach towards the 

management of this therapeutic side effect is 

mandatory. 

TREATMENT AND PREVENTION 

Due to the incompletely known underlying 

mechanisms, prevention and treatment of 

mucositis is difficult. A variety of non-

pharmacological and pharmacological agents 

are in use, but there is no gold standard at this 

time, due to the lack of extensive evidence-

based recommendations in children.[2]  

Biologically, measures that have proven 

effective in adult population are supposed to 

have a similar effect in children. However, 

differences in efficiency may arise due to the 

changing pharmacokinetics, 

pharmacodynamics, lack of patient 

cooperation and age related variations in 

receptors for the targeted intervention [8] 

Once mucositis has been diagnosed, realistic 

and specific treatment goals must be 

established in order to maintain hydration, 

provide appropriate caloric intake through 

enteric or parenteral nutrition, relieve pain and 

prevent infection. [2]. 

Depending on the severity, oral care adapted 

measures must be enacted. Miller et all 

suggest that the patients brush their teeth with 

soft toothbrush and fluoride toothpaste and 

rinse with a salt and bicarbonate solution for 

grade I and II oral mucositis. They should 
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clean their oral cavity four times per day and 

apply salt and bicarbonate solution every 4-6 

hours in the case of grade III oral mucositis. 

Finally, in grade IV, patients should be 

instructed to clean their oral cavity four times 

every day and apply salt and bicarbonate 

solution every 4 hours. [2]The dentist would be 

more appropriate in teaching the tooth 

brushing technique. 

In the case of pain relief, it must be noted that 

the amount of pain medication may not 

correlate with the grade of oral mucositis. It is 

advised to use step up in pain medication 

administration. The first step would be to use 

oral rinses (saline solution, bicarbonate 

solution). Following this, topical anesthetics 

such as lidocaine, benzocaine should be added 

to the therapy. In case of failure, doctors 

should use combination mouthwashes 

containing diphenhydramine, lidocaine and 

aluminium or magnesium hydroxide as the last 

step before the administration of morphine. [2] 

A combination of basic oral care, growth 

factors, antiinflamatory agents, antimicrobials, 

low-level light therapy/laser, cryotherapy or 

other natural agents can be used as therapy 

option. Ribeiro et al. presented the case of oral 

mucositis in a 13 year old patient that suffered 

from chondroblastic sarcoma and acute 

lymphoblastic leukemia. A combination of 

mucositis mouthwash and low-level light 

therapy was effective, with lesions resolving 

after the mucositis mouthwash for five days 

and undergoing LLLT two consecutive days 

the first and second days after lesions 

appeared. Of interest is that the mucositis 

mouthwash contained a combination of 

antifungal, steroid antiinflamatory, 

antihistaminic, opioid analgesic, anesthesic 

and vitamin B – the latter for cellular 

regeneration. The authors also pointed out the 

important role the dentist played both before 

and during the healing process. [9] 

Mucositis  prevention is preferable to  therapy. 

Some prophylaxis guidelines exist, that should 

be adapted to each particular case, such as the 

MASCC/ISOO Clinical Practice Guidelines, 

or the BMJ guideline for prevention of oral 

and oropharyngeal mucositis in children 

recieving treatment for cancer or undergoing 

haematopoietic stem cell transplantation. [8][10] 

The MASCC/ISOO Clinical Practice 

Guidelines analyse the following prophylactic 

measures: basic oral care, growth factors, 

antiinflamatory agents, antimicrobials, low-

level light therapy/laser, cryotherapy and other 

natural agents (Zinc, honey). [10] 

Oral care is the main pillar of oral mucositis 

prophilaxis. Children with poor oral hygiene 

have been shown to be at increased risk of oral 

mucositis. Brushing and flossing techniques 

should be evaluated and a complete dental 

history should be recorded. Children 6 years 

old and above should be instructed in the 

proper toothbrushing technique and how to 

swish and should take chlorhexidine 

mouthwash twice a day as a prophilactic 

measure. Some studies support using 0.9% 

saline rinse in the morning, after each meal 

and before going to bed as a prophilactic 

measure. Younger children, who are unable to 

perform these tasks should have the solutions 

applied to the oral mucosa with a soft cloth. [2] 

[10]The dentists should assess the patients’ oral 

cavities, including the condition of teeth and 

gums and provide preventive treatment before 

the beginning of chemotherapy or/and 

radiotherapy. Integrating a dentist in the 

pediatric oncology team should be mandatory 

as he/she may also offer therapeutic 

mouthwashes if needed. [2][6] 

Currently the only growth-factor accepted in 

mucositis prevention is palmifermin, a 

recombinant human keratinocyte growth 

factor. Due to its numerous toxicities it only 

has a weak recommendation in children 
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undergoing hematopoietic stem cell 

transplantation if the benefits of mucositis 

prevention outweigh the risks and costs. If 

used, it should be administered at a dose of 

60-90 micrograms/kg/day for 3 days prior to 

conditioning and 3 days following stem cell 

infusion. [8] 

Benzydamin hydrochloride is a non-steroid 

antiinflamatory agent that inhibits production 

of proinflamatory cytokines such as 

interleukin-1 β and tumor necrosis factor α. It 

has a recommendation to prevent mucositis in 

patients with head and neck cancer that 

receive moderate dose of radiotherapy. [10] 

It used to be thought that prophylactic 

antimicrobial lozenges with a mixture of gram 

negative antibiotics and antifungals such as 

Polymyxin E, Tobramycin and Amphotericin 

B (PTA) would sterilize the mouth and 

prevent oral mucositis development. However, 

recent studies indicate that this is not the case 

in radiotherapy prophylaxis. [10] 

Low-level light therapy/laser (LLLT) has been 

proven effective in reducing severe mucositis 

in patients receiving treatment for cancer and 

undergoing hematopoietic stem cell transplant. 

Its limitation is of age and invasivity, as it 

must be applied intraoraly. [8] There is a 

recommendation in favor of using LLLT for 

prevention of oral mucositis in patients with 

high dosage of chemotherapy. [10] LLLT 

remains a controversial measure, as there are 

methodological concerns and possible 

publication bias which may mean that the 

treatment effects observed in these trials are 

exaggerated. [8] 

Oral cryotherapy involves placing ice cubes or 

ice chips in the mouth and periodically 

refreshing them during the period of cytotoxic 

treatment. The biological mechanism behind 

this effect is presumed to be the reduced 

distribution of the cytotoxic agent to the oral 

mucosa due to vasoconstriction. It may be 

appealing as it has a low cost and has 

universal access. Moreover, this method can 

be pleasing to children if the ice chips are 

replaced by flavored ice popsicles or freezies, 

which makes for better compliance. However, 

there are some limitations. It is only feasible if 

chemotherapy is administered as a short 

infusion and has a short half-life, as in the case 

of 5-fluorouracil (5-FU), melphalan, 

etoposide, cisplatin, mitomycin-C, vinblastine. 

Another limitation is age, as it may prove to 

be a choking hazard for very young children. 
[8] 

The use of natural agents is generally a 

controversial topic. However, due to its 

antioxidant properties and link to tissue repair 

processes, there is a suggestion in favor of 

using Zinc supplements in patients undergoing 

chemotherapy/radiotherapy. [10] 

No reliable guidelines are provided for the 

following agents: glutamine, vitamin A, 

vitamin E, honey and aloe vera. [10] 

OUR EXPERIENCE 

Our experience reflects the cited high 

frequency of oral mucositis in acute 

lymphoblastic leukemia. In the year 2016, 20 

cases of acute lymphoblastic leukemia were 

treated in the Oncology Department of St. 

Marry Hospital Iasi. Out of 20 patients, 15 

presented oral mucositis (OM) during 

induction phase and 10 presented oral 

mucositis in later therapy stages. During 

induction, out of the 15 patients that presented 

OM, 9 patients presented one episode of OM, 

4 patients presented 2 episodes of OM and two 

patients presented three episodes of OM. In 

total OM was diagnosed 21 times during 

induction. 19.04% was grade one OM, 9.52% 

was grade two OM and 71.42% was grade 

three OM. Median duration of OM was 6 days 

for grade I (standard deviation of 2.39), 7 days 

for grade I (standard deviation of 0), 5 days 

for grade III (standard deviation of 3.25). In 
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the consolidation and latter therapy stages 10 

patients presented OM. Only one of these 

patients did not also present OM during 

induction. Three patients presented a single 

OM episode. Five patients presented two OM 

episodes, one patient presented three episodes 

of OM and one patient presented five episodes 

of OM. Of total 21 OM episodes were 

diagnosed during consolidation and latter 

chemotherapy stages 28.57% were stage I 

OM, 23.80% were stage II OM and 47.61% 

were stage III OM. Median duration of OM 

was 5 days for stage I (stand deviation of 

2.09), 4 days for stage II (standard deviation 

of 0.83) and 5 days for stage III (standard 

deviation of 1.61). No chemotherapy 

adjustment or cessation was necessary. 

Parenteral hydration was needed in patients 

with stage 3 mucositis. No parenteral nutrition 

was needed in these 20 patients. It is also 

important to note that two patients had oral 

mucositis lesions previously to hospital 

admission. These patients might have 

encountered a dentist in there chemotherapy-

free period. The dentist may have directed the 

patient to the hospital or the diagnosis of oral 

mucositis could have been overlooked, based 

on his experience. Having a dentist in the 

pediatric oncology team could have provided 

personalised treatment for these patients and 

maybe prevented exacerbation of symptoms. 

This also points to the necessity of integrating 

a dentist in the pediatric oncology 

management team. 

CONCLUSIONS 

Oral mucositis is a frequent disease with 

incompletely solved physiopathological 

mechanisms. Clinical manifestations may 

determine modification or temporary 

interruptions of therapy, significantly 

alterating the patient’s prognosis and quality 

of life. Frequent oral clinical examinations are 

required. Prophilactic and treatment options 

are limited and oral care and pre-

chemotherapy oral status are of great 

importance. Oral mucositis is a disease that 

concerns both patient and the medical team. 

The lack of well defined prevention and 

treatment measures and the slow healing 

process affects the patient’s quality of life and 

the prognosis of the underlying disease. The 

efficacy of the management of the oral 

mucositis seems to be influenced mostly by 

the oral health habits and the pre-

chemotherapy oral status. Vision perpective in 

oral clinical examination can be different in 

pediatrician or pediatric oncologist and  

dentist. It is the dentist that should monitor the 

oral status, teeth and gums and instruct the 

patient on the oral hygiene adapted 

management (for prophylaxis or treatment). 

Consequently, although both members of the 

team are important in this pathology, the 

dentist's intake is crucial. 

Finally, oral mucositis mechanisms are still 

under research. Given that the best results both 

in prophylaxis and therapy are related to 

dental checkup, adding a dentist to the team 

may open up new research standpoints. We 

suggest that the integration of a dentist in the 

pediatric/oncology team is mandatory to 

provide better outcomes, improve prognosis 

and collaborate in further research.  
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