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ABSTRACT
Acute lymphoblastic leukemia (ALL) is a malignant condition defined by the proliferation of immature hematopoietic 
bone marrow cells, which replace the normal bone marrow elements. Furthermore, immature cells will accumulate in 
various areas of the body. Chemotherapeutic drugs are cytotoxic and have unwanted effects on normal cells. This toxicity 
is acute, or it may be chronic. Approximately 60% of survivors of ALL will suffer from one or more health problems or 
adverse side effects of this treatment. Oral complications are a frequent consequence of oncology therapy in pediatric 
patients. Xerostomia, carious lesions, gingivitis, tumors of the oral cavity, bone deformities of the jaw, temporomandibu-
lar joint disorders, trismus, and infections due to abundant microbial flora are common in these children. The risk of 
dental anomalies (dental or root agenesis, root malformations, enamel defects, dental hypoplasia) is higher in those who 
started treatment before permanent teeth erupt. All children are at risk of developing oral lesions due to poor hygiene, 
but children who have survived cancer are at even higher risk.
The survival rate of children diagnosed with ALL has significantly increased thanks to remarkable advances in chemo-
therapy. Therefore, it is important that these patients are constantly monitored by the dentist to treat complications 
arising from the treatments in a timely manner. In children diagnosed with ALL, oral health is of great importance as the 
oral environment changes as a side effect of hematological disorders and their treatments.
Treatment of carious lesions, periodontal problems and lesions of the oral mucosa must be done before starting chemo-
therapy by cleaning the oral cavity to eliminate any possible risk of infection. The participation of the dentist is important 
in improving the preventive protocols and oral examination of the pathological processes that occur in children with ALL. 
Interdisciplinary collaboration between physicians is essential during the treatment of pediatric cancer patients.
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Introduction

Acute lymphoblastic leukemia (ALL) represents 
75% to 80% of all childhood leukemia cases; acute 
myeloid leukemia (AML) accounts for 15% to 20%. 
Approximately 85% of all cases are due to the B line-

age (B-ALL) and 15% to the T lineage (T-ALL) [1,2,3]. 
ALL is a malignant condition defined by disseminat-
ed proliferation of immature hematopoietic bone 
marrow cells, that replace the normal bone marrow 
elements. Furthermore, immature cells will accu-
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mulate in various areas of the body. In patients with 
ALL, the main factor that causes morbidity and mor-
tality is their susceptibility to infections due to the 
immunosuppression medicine. Studies show that 
24% of life-threatening infections occur in the oral 
cavity [4,5].

Leukemic cells have constellations of mutations, 
that can be germline are generally somatically ac-
crued. The affected genes encode the proteins that 
regulate the survival of hematopoietic progenitor 
cells, their proliferation and differentiation. When 
relapse occurs, new genetic mutations may appear 
alongside the mutations that were detected at diag-
nosis. The initial mutations may also disappear in 
relapse. [6]. Acute leukemia usually has the 10 to 20 
somatic coding single nucleotide variants and 4 or 5 
structural variants at initial diagnosis, with a typical 
mutation rate two to three times higher at relapse 
[7,8,9].

Oral complications

Approximately 60% of survivors of ALL will suf-
fer from one or more health problems or adverse 
side effects of this treatment. In some cases (30%), 
survivors’ health problems are life-threatening or 
severe and have a great effect on their comfort. Ad-
verse effects depend on a combination of the dis-
ease, the treatment options and a series of factors 
concerning the host. Chemotherapy implies admin-
istering cytotoxic drugs at the maximum does that 
can be tolerated by the patient’s organism. These 
drugs have unwanted effects on normal cells that 
manifest as acute toxicity (occurring during treat-
ment) or chronic toxicity (the toxic effects can per-
sist after the treatment has ended or can appear 
only months or years later) [10].

All children are at risk of developing oral lesions 
due to poor hygiene, but children who are cancer 
survivors are even at a higher risk [11]. The oral 
cavity is frequently affected in immunocompro-
mised patients, and complications are common dur-
ing dental procedures, especially in the absence of 
neutrophilic granulocytes. The oral mucosa shows 
typical lichenoid changes with or without lesions, 
ulcers, or erythematous mucoceles. Hyposalivation 
often occurs concomitantly, which significantly in-
creases the risk of caries, periodontitis, and oral mu-
cosal infections [12].

The treatments used it malignancies have their 
own consequences and put pediatric cancer patients 
in increased danger of developing a variety of con-
ditions. Dental complications are a frequent conse-
quence of oncologic therapy in children. Xerosto-
mia, carious lesions, gingivitis, tumors of the oral 
cavity, bone deformities of the jaw, temporoman-
dibular joint disorders, trismus, and infections be-

cause of the abundant microbial flora are common 
in these children [13-16]. The risk of dental anoma-
lies is higher in patients that started therapy before 
the eruption of permanent teeth. The most frequent 
anomalies are agenesis of the tooth or root, root 
malformations, enamel defects, and tooth hypoplas-
ia [10].

Xerostomia

Xerostomia, or dry mouth, is caused by chemo-
therapy as well as by radiation around the head or 
neck. The salivary glands are very sensitive to radia-
tion. Dry mouth can increase the risk of oral infec-
tions and dental caries and can cause difficulty in 
speaking, chewing, and swallowing, as well as sleep 
disturbances [17,18].

Xerostomia is caused by injury to the acini of the 
salivary gland. This can lead to a change in the quan-
tity or consistency of saliva in the oral cavity, particu-
larly a lower pH (acidic), which creates a favorable 
environment for the development of caries. In pa-
tients with xerostomia, the microbial flora changes 
from Gram-positive to Gram-negative microorgan-
isms and tends to develop fungal infections. There 
are also difficulties is swallowing, chewing, speaking 
and changes in taste. The conditions that appear due 
to chemotherapy are usually self-limiting and tempo-
rary, resolving in the next 48 hours. Damage caused 
by radiation to the head and neck region can be long-
lasting, but some patients regain salivary function 
4-12 months after therapy [18].

Dental caries

Dental caries is a preventable complication in 
surviving children. Health professionals can limit 
its occurrence by early identification of risk factors 
[13]. Dental caries results from an imbalance be-
tween demineralization and remineralization of 
teeth due to the interaction between bacteria, sugar, 
and saliva. Only when the microbiome of the oral 
cavity changes, dental plaque can lead to caries. A 
diet rich in carbohydrates is thought to be responsi-
ble for this change. Other factor is dry mouth, poor 
plaque control, low fluoride exposure, as they lead 
to an increased number of cariogenic microorgan-
isms [13,19].

Lactobacillus, Streptococcus mutans, and Actino-
myces species are considered to be the most cario-
genic [13, 19]. Saliva aids the body in slowing this 
process by counteracting the acidity of the environ-
ment created by the bacteria. Saliva is used to re-
move the food particles and glucose that the cario-
genic bacteria need for their development from the 
oral cavity [20].

Thus, the interruption of saliva production alters 
the environment in the oral cavity by creating a car-
iogenic status. This leads to a series of severe com-
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plications such as bacteremia, pain, abscess forma-
tion, and tooth loss. These complications cause 
decreased self-esteem, difficulties in speech and 
chewing, orthodontic problems and higher treat-
ment costs [21]. Survivors have an increased risk of 
caries if they eat a diet high in carbohydrates and 
sugar. Other factors that increase the risk of caries 
include age when diagnosed, medications, chemo-
therapy, and radiation [22,23]. The salivary dysfunc-
tion secondary to chemotherapy, leading to dental 
plaque accumulation is associated with a higher 
risk of caries. Vincristine, anthracyclines, and cyclo-
phosphamide are the chemotherapeutic agents that 
have been particularly associated with an increased 
risk of dental abnormalities and caries [13].

Patients diagnosed with cancer older than five 
years of age had more caries than patients diag-
nosed at younger ages. Patients treated before the 
age of five had more severe dental defects, due to 
the fact that immature teeth have a higher liability 
for oncologic treatment [13]. An important aspect in 
maintaining remission is oral medication. Oral med-
ical solutions are administered in the form of cap-
sules or tablets. They are often composed of sugar, 
which gives them their established role in the etiol-
ogy of dental caries [24].

Gingivitis

Periodontal changes in leukemia patients are at-
tributed to hematologic disorders or are related to 
chemotherapy and radiotherapy [25,26]. The in-
flammation and hyperplasia of the gingiva in pedi-
atric patients with ALL is due to the infiltration of 
immature cells (blasts) causing a plaque-induced 
reaction. Significant inflammation and prolifera-
tion in the gingiva can be caused by small amounts 
of plaque or food debris. Chemotherapeutic agents 
may have destructive effects on gingival epithelium, 
that can lead to a greater local fragility [27,28]. Early 
gingivitis is the most common condition before and 
after treatment. Bacterial plaque is one of the etio-
logic factors blamed for the occurrence of gingivitis. 
Oral hygiene is a basic prevention method, especial-
ly in children suffering from ALL. Both parents and 
children need to know the importance of good oral 
hygiene and regular dental checkups [29].

Many side effects of oncological treatment as 
well as decreased self-esteem may affect the oral hy-
giene of children, which affects their periodontal 
health status. The variables analyzed by a study 
were bacterial plaque index, gingivitis bleeding in-
dex, histologic tumor type, age, gender, and skin 
color. The prevalence of gingivitis was moderately 
higher in children with oncologic disease, but there 
were no statistically significant differences consid-
ering groups divide by gender, age, skin color, or 
histopathologic tumor type [30].

Mucositis

The underlying disease, cytotoxic therapies, and 
radiation therapy predispose pediatric cancer pa-
tients to gastrointestinal mucosal changes, that sub-
sequently create entry sites for microorganisms and 
cause local infections [31]. Mucositis develops in 
40% of children receiving standard chemotherapy, 
80% of patients receiving radiation therapy for head 
and neck cancer, and 75% of bone marrow trans-
plant patients [32,33]. Oral mucositis refers to the 
erythematous inflammatory changes of the oral and 
labial mucosa, soft palate, floor of the mouth and 
ventral surface of the tongue in patients undergoing 
toxic chemotherapy or radiation. Patients charac-
terize the condition as a sensation of tingling or 
burning that causes hypersensitivity to food. As mu-
cositis progresses, chewing, swallowing, and speak-
ing become difficult. Healing of the inflammation 
may be slowed if food intake is impaired because 
the patient refuses to eat. The delay results from a 
calorie and protein deprivation that causes cell mi-
gration and renewal to decrease. Injury to the oral 
mucosa and the epithelial barrier allows the devel-
opment of infections caused by the resident flora of 
the oral cavity and poses a greater risk for the evolu-
tion of disseminated infections [11,18].

The physiopathology of mucositis shows us that 
there are four phases: an initial inflammatory or 
vascular phase, an epithelial phase, an ulcerative or 
bacteriological phase, followed by healing. 

1. The inflammatory or vascular phase occurs 
24-36 hours after the administration of toxic treat-
ments, and it is characterized by the release of tu-
mor necrosis factor and interleukin 1 (inflammato-
ry cytokines) from the epithelial tissue. This leads to 
an added accumulation of cytotoxic agents deposit-
ed at mucosal level, due to the increase in local tis-
sue vasculature. 

2. The epithelial phase occurs after four to five 
days, and it is characterized by increased levels of 
local cytokines and the decrease in cell turnover in 
the basal epithelium. This leads to further tissue in-
jury and atrophy. Treatment at this stage should aim 
to restore cell growth and decrease cytokine release. 

3. The hematologic effects occur one week after 
treatment. The number of neutrophils decreases, 
and the ulcerations become exudative and erosive. 
This phase provides an opportunity for prolifera-
tion of viruses, bacteria, and fungi. These microor-
ganisms produce endotoxins and may exacerbate 
the inflammatory cascade, thus intensifying the 
damage to the oral mucosa [18]. 

The severity of mucositis can vary between 
small, singular oral ulcers to large ulceration over 
the entire mucosal surface. A notable side effect of 
mucositis is acute necrotizing ulcerative gingivitis 
[29,31]. Pediatric patients that receive broad-spec-
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trum antibiotics or have been in the hospital for a 
long time may develop colonization of the oral cav-
ity with fungi or Gram-negative microorganisms. 
Candida, Aspergillus, or herpes simplex virus (HSV) 
may also appear in mucositis caused by chemother-
apy. Septicemia caused by α-hemolytic streptococci 
can lead to complications of mucositis and has high 
rates of shock and central nervous system (CNS) in-
fections [31]. Appropriate oral hygiene is crucial in 
decreasing the severity of oral mucositis [34,35].

Viral infections 

Pediatric patients undergoing cancer treatment 
readily acquire opportunistic oral infections (viral, 
bacterial, and fungal) [34]. Typical of leukemia is the 
risk of reactivation of viruses, such as herpes zoster 
virus and herpes simplex virus (HSV). Mouth ulcers 
and large canker sores are common manifestations 
of HSV. All these infections can cause severe pain 
[12]. HSV most commonly occurs as a virus reactiva-
tion in a person that has been infected before. The 
first lesion is vesicular, located in the oral cavity or 
peri-oral, and then a crust forms or a yellowish ul-
ceration persists. The infection with HSV is general-
ly extremely aching and lead to deep edema of the 
oral mucosa causing pain, discomfort, hypersaliva-
tion, and difficulty swallowing [18]. 

Fungal infections 

Candida infections are common in pediatric can-
cer patients. It should be noted that these infections 
are often resistant to the usual treatment protocol 
[12]. Infections caused by fungi are frequent in chil-
dren because of the repetitive use of broad-spec-
trum antibiotics and steroids, which is exacerbated 
by bad oral hygiene and nutritional deficit. Candida 
albicans is the most frequently involved in causing 
fungal infections in patients with immunodeficien-
cy. Up to 60% of people have Candida albicans in 
their normal flora from the oral cavity. Immunosup-
pressed patients often allow Candida to grow and 
multiply excessively, causing infection. This exces-
sive multiplication is exacerbated by xerostomia or 
poor oral hygiene [18].

Dental abnormalities 

The age of the child at baseline and the form, se-
verity, and regularity of administered treatment are 
elements that have an important part in the onset of 
these dental abnormalities [18]. The development 
and eruption of permanent dentition occurs start-
ing from age six up to age twelve. Abnormalities 
that interest the structure of permanent dentitions 
are more and more common after chemotherapy in 
children. Some of these are hypo- and microdontia, 
enamel hypoplasia, enlarged pulp chamber, root 

malformations, and lack of eruption of permanent 
teeth [18,36,37,38]. Risk factors include early age 
when starting chemotherapy, higher doses of chem-
otherapy, and radiation exposure. Conditioning 
therapies for hematopoietic cell transplantation 
may cause dental agenesis and root anomalies. Chil-
dren that have different anomalies of the perma-
nent dentition have a greater risk for developing 
carious processes due to high invasion with Strepto-
coccus or other microorganisms [39,40].

Dental prophylaxis and treatment

Attention should be paid to the complications 
caused by oncological treatment in order to dimin-
ish the prevalence and repercussion during the re-
mission phase and to enhance the survival rate and 
living standards [18]. Before starting therapy, it is 
recommended that a dentist performs a preventive 
examination to clean the oral cavity by removing 
dental plaque and calculus and treating existing 
caries. Direct restauration of teeth must be done at 
least three weeks prior to starting chemotherapy. 
Topical fluoridation is used to prevent dental caries 
and mucositis during radiation therapy by causing 
the incorporation of fluoride into the enamel and 
dentin and reducing the bacterial load in the oral 
cavity [18]. The current situation regarding the im-
mune response of bone marrow transplanted pa-
tients should always be clarified with the special-
ized hematologist. If necessary, prophylactic 
antibiotics should be administered before dental 
cleaning, scaling, treatment of carious lesions, and 
extractions; otherwise, treatment should be post-
poned [12]. A panoramic radiograph must be indi-
cated in all surviving patients to assess the growth 
of the roots prior to any oral procedure [41,42].

Xerostomia

Treatment of this condition involves the use of 
synthetic saliva alternatives, stimulating the lefto-
ver salivary tissue, by means of hygiene, and appli-
cation of fluoride substances. The most common 
therapy used in xerostomia is administering pilo-
carpine for the stimulation the leftover salivary tis-
sue [18]. The use of sugar-free chewing gums, can-
dies, and capsules, saliva alternatives, mouthwashes 
that have no alcohol in their composition, and hy-
dration help improve dry mouth syndrome. At the 
same time, xerostomia patients should be encour-
aged to drink water frequently throughout the day 
[32]. 

Dental caries

A modified diet, fluoride, sealants, oral hygiene, 
and periodic check-ups are the backbone of dental 
decay treatment, despite of the health condition of 
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the oral cavity. Early detection of caries is critical to 
avoid complications. Fluoride treatment is an im-
portant factor in caries prevention in children. The 
application of fluoride varnishes every three to six 
months is recommended [13]. 

Gingivitis

Surviving patients must consider more frequent 
dental check-ups and brushing thoroughly daily. 
The COG (Children’s Oncology Group, 2014) suggests 
that children who suffer from ALL should visit the 
dentist every six months for checkups [41]. In con-
trast, the AAPD (American Academy of Pediatric 
Dentistry, 2016) is much more stringent and states 
that patients with high-risk must be examined once 
every three months [13].

Young children diagnosed with cancer and their 
caregivers should be advised to maintain proper 
oral hygiene, which consists of using a soft bristled 
toothbrush and toothpastes that contain high doses 
of fluoride. Dipping the toothbrush in warm water 
before brushing makes this action more comforta-
ble. Families are instructed to change toothbrushes 
at each chemotherapy cycle and to floss daily. Soft 
toothbrushes, wet gauze or sponges used when the 
patient has thrombocytopenia or neutropenia pro-
vide proper oral hygiene and minimize the possibil-
ity of gum trauma. It is essential to rinse the oral 
cavity with saline or sodium bicarbonate after each 
meal and before bedtime. Careful clinical examina-
tion must be done at every check-up to find possible 
oral issues ahead of time [18,23]. Saliva alternatives 
and mouthwashes are the ideal treatment choice for 
these patients. Mouthwashes high in sodium bicar-
bonate must be used in order to overturn the acidic 
pH of the mouth and reduce dental plaque. Chlo-
rhexidine mouthwashes are utilized in the course of 
active and post-treatment stages in cancer patients 
[13].

Mucositis 

1. Inflammatory or vascular phase
Keeping ice cubes in the oral cavity during chem-

otherapy causes local vasoconstriction and decreas-
es the comeback of toxic elements in the mucosal 
cells. Ice cryotherapy is beneficial in lessening the 
intensity of mucositis in phases 1 and 2 of treatment 
with ebetrexate and carboplatin. This is the only ef-
fective mucositis prevention measure suggested in 
the Cochrane Oral Health Review publications.

2. The epithelial phase 
A variety of medications were studied in clinical 

trials, such as sucralfate and oral glutamine, and are 
still tested now, as well as new substances like cy-
tokine mouth rinses that have been shown to be 
useful in this epithelial phase.

3. Ulcerative or bacteriological phase 
Research that talks about using topical antimi-

crobic substances and antiseptic mouthwashes 
show that elements such as chlorhexidine or cap-
sules containing polymyxin B, tobramycin, and am-
photericin B are useful for treating this phase.

Analgesic premedication is required for the co-
operation of kids who present ulcers when eating 
and during toothbrushing. Topical anesthetics like 
lidocaine, dyclonine, and mouthwashes that contain 
diphenhydramine are commonly recommended in 
pediatrics. When topical analgesics do not work or 
are not feasible because local pain does not allow 
absorption of medication and food, parenteral ad-
ministration is chosen. In some more severe cases, 
parenteral or enteral nutrition may be required. 
Healing begins after two to three weeks during 
which oral mucosal cells and leukocytes, which re-
newal at the same pace, recover in conditions of 
proper nutrition and without infections caused op-
portunistic microorganism present [18].

Viral infections 

Patients who were exposed to HSV infection are 
treated using oral or parenteral hydration in con-
junction with symptomatic treatment.

Fungal infections

When oral candidiasis develops in children 
treated with toxic agents, nystatin is optimal choice 
of treatment which a clinician should consider, even 
if it is not always useful against the infection. Am-
photericin B or other antifungal substances such as 
amphotericin B or isavuconazole are administered 
prophylactically and curatively [43-45]. Dental pro-
tocols for children receiving toxic treatment, such 
as regular checkups, decay control, and avoidance 
of gum disease, may reduce or dispose of complex 
dental therapy in children who are cancer survivors 
[46-49].

Conclusions

The survival rate of children diagnosed with ALL 
has increased significantly due to remarkable ad-
vances in chemotherapy treatment. Therefore, it is 
important that these patients are cared for and con-
stantly monitored by the dentist in order to treat the 
complications resulting from the administered 
treatments in a timely manner. In this way, dental 
abnormalities, orthodontic problems, and second-
ary tumor processes in the oral cavity can be detect-
ed early.

Oral health care is of great importance in chil-
dren diagnosed with ALL. This importance arises 
from the changes that occur in the mouth as hema-
tological diseases and toxic treatments.
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The treatment of carious processes, periodontal 
problems and lesions of the oral mucosa must be 
done before starting chemotherapy by cleaning the 
oral cavity to eliminate any possible risk of infec-
tion.

The dentist has a crucial part in improvement 
the preventive approach and dental examination of 

the pathological processes that occur in children 
with ALL. Interdisciplinary collaboration between 
physicians is essential in all phases of treatment of 
children diagnosed with tumor pathologies.
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