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 Methotrexate is an antifolate widely used in oncology and rheumatology that plays an important role in the treatment 
of acute lymphoblastic leukemia in children. One of its most common side effects is oral mucositis, which is a general 
term for ulceration and inflammation of the mucous membrane of the mouth. It can severely affect a patient’s quality 
of life, causes poor nutrition, and may lead to discontinuation of the next course of chemotherapy. Oral mucositis typically 
develops a few days after chemotherapy infusion. Due to this risk, it appears reasonable to use preventive agents against 
oral mucositis before the inclusion of methotrexate in therapy. To date, clinical trials have examined the effectiveness 
of medications such as glutamine, palifermin, chlorhexidine, amifostine, cyclooxygenase-1 inhibitor, leucovorin or other 
methods including laser therapy and oral cryotherapy. There are also several methods used to control already established 
inflammation and reduce pain more effectively: laser therapy, platelet-rich plasma and platelet gel, taxifolin, film-forming 
and coating agents.  A crucial role is played by supportive interventions involving analgesic treatment, including topical 
morphine and benzydamine and a modern approach to pain management – for example, the use of virtual reality.
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Introduction
Acute lymphoblastic leukemia (ALL) is the most common 
malignant tumor in the pediatric population while it accounts 
for only 2% in adults [1]. Of all childhood cancers, leukemia 
accounts for about 26%, and ALL is the most common (about 
85% of all leukemias) [2]. Intensive chemotherapy still regimens 
the first line of treatment of acute leukemia. However, it is not 
without adverse effects. The most frequent are pancytopenia, 
infectious disease and organ toxicity. Table I presents the side 
effects of frequently-used chemotherapy.

Methotrexate (MTX), an antifolate agent, is one of the most 
widely used and frequently studied drugs in various malignan-
cies including leukemia and plays a crucial role in treating ALL 
in children. According to protocol AIEOP-BFM-2017, children 

in low-risk and intermediate-risk groups receive four 24 h infu-
sions of high-dose methotrexate (HD-MTX) during Protocole M. 
Children in the high-risk group receive HD-MTX during the first 
and second HR block. All of the children receive methotrex-
ate at a dose 20 mg/m2 once a week during maintenance 
therapy [11].

Pathogenesis of methotrexate toxicity
Methotrexate is a folate antagonist – it inhibits dihydrofolate 
reductase (DHFR). This enzyme reduces folic acid to tetrahy-
drofolic acid. Tetrahydrofolate has to be built up by a DHFR-
catalyzed reaction. Inhibition of DHFR by methotrexate results 
in a deficiency of thymidylate and purines and then a decrease 
in nucleic acid synthesis, which leads to inhibited cells division. 
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Methotrexate acts mainly in the “S” phase in a cell cycle, and is 
therefore appropriate for leukemias and lymphomas. Cyto-
toxic MTX occurs mainly in rapidly multiplying cells such as 
epithelial. These cells are susceptible to the effects of cytotoxic 
therapy because they undergo rapid turnover, usually every 7 
to 14 days [13]. In addition, this effect can be exacerbated by 
bacterial or fungal infections, especially during neutropenia, 
which is relatively common in children with ALL.

For MTX, transport is essential to generate a sufficient 
quantity of intracellular drug to maximally inhibit DHFR and to 
provide a substrate for the synthesis of MTX polyglutamyl de-
rivatives required for cellular drug retention as well as sustain-
ing antitumor effects [14]. MTX enters cells through an active 
transporter called reduced folate carrier (RFC), a gene located 
on chromosome 21q22 [15]. In Down syndrome (DS), each 
somatic cell has an extra copy of this chromosome, resulting 
in an accumulation of MTX in the form of MTX polyglutamate 
[16]. This explains the severe toxicity of MTX in patients with DS, 
especially in the gastro-intestinal tract. After receiving a high-
dose of 5 g/m2 of MTX (HD-MTX), patients with DS showed sig-
nificantly higher rates of severe leukopenia, thrombocytopenia, 
infections and oral mucositis compared to patients without DS, 
who received the same dose [17]. Knowing how the metabo-
lism of MTX differs in children with DS, HD-MTX is administered 
differently in DS. According to the AIEOP-BFM-2017 protocol, 
children with DS receive a reduced dose of 0.5 g/m2 of MTX, 
and then, if there is no severe toxicity, the dose is increased to 
2 g/m2 and finally 5 g/m2 [10]. It is important to emphasize that 
children with DS who receive lower doses of MTX do not have 
a higher risk of relapse than children without DS who receive 
high-dose MTX. Moreover, among children with DS, there is 
no significant difference in the risk of relapse between children 
who received a first dose of MTX 0.5 g/m2 and children who 
received MTX at a dose of 5 g/m2 [18].

Methods of prevention
As mentioned, the use of methotrexate in treating ALL can 
cause a number of side effects, including oral mucositis with 
varying degrees of severity. This is a frequent complication, 
often contributing to a significant decrease in the patient’s 

quality of life due to pain and difficulties with oral intake of solid 
foods and liquids [19]. Considering the risk of its occurrence, it 
is already advisable to use preventive agents against stomatitis 
before including methotrexate in therapy. It is not possible 
to achieve one-hundred percent efficacy in preventing oral 
mucositis (OM), but there is a chance of decreasing its occur-
rence and alleviating its course in ALL patients.

Glutamine
Glutamine is one of a group of conditionally essential amino 
acids, especially under conditions of catabolic stress, when 
glutamine consumption by the kidney, gastrointestinal tract 
and immune system compartment increases rapidly. These 
observations reflect the dependence of growing cancer cells 
on glutamine, with some cancer cells dying promptly while 
being deprived of glutamine [20]. On the other hand, glu-
tamine can regulate the inflammatory response and immune 
balance, reduce intestinal damage, maintain the intestinal 
mucosal barrier and reduce the translocation of the microbiota 
of the intestine [21]. From an analysis of the available literature, 
it was concluded that oral glutamine supplementation may 
be reasonable for the prevention of OM.

Gaurav et al. summarized the metabolism and therapeutic 
applicability of glutamine on animal models. They reported 
that this substance reduces the immunosuppressive effect 
of MTX, reducing the incidence of side effects including the in-
flammation of mucous membranes, especially the intestinal 
epithelium, as well as the oral cavity [22]. Another study com-
pared the effectiveness of parenteral glutamine in patients with 
ALL receiving HD-MTX in consolidation therapy. In the study 
group, glutamine administration was initiated within 48 h 
of the start of chemotherapy and continued for 3 days. It was 
found that the incidence of OM was considerably lower in this 
group than in the control group, in which patients did not 
receive glutamine. There was no severe oral mucositis in any 
patient in the study group. Moreover, no severe adverse reac-
tions related to glutamine administration were reported [23]. 
Widjaja  et al. conducted a similar study, but in the study 
group, they included oral glutamine 24 h before HD-MTX 
administration and continued its administration for 14 days.  

Table I. Common side effects of widely used chemotherapeutic drugs

Medication Adverse effect

vinca alkaloids (e.g. vincristine) [3] neurotoxicity (peripheral neuropathy), constipation

cyclophosphamide  [4, 5] hemorrhagic cystitis, early-onset pneumonitis, pulmonary pneumonitis

methotrexate  [6, 7] hepatic toxicity, gastrointestinal toxicity, skin and mucosa toxicity, nephrotoxicity

cytarabine [8]
ocular toxicity (corneal pain, keratoconjunctivitis, blurred vision), maculopapular rash, bone 
pain

PEG-asparaginase [9] thrombosis, pancreatitis, hyperglycemia, and hepatotoxicity

anthracyclines (e.g. doxorubicin, daunorubicin) [10] cardiomyopathy 
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As a result, oral mucositis occurred in 4.2% in the glutamine 
group and 62.5% in the group receiving the placebo. Addition-
ally, the duration of hospitalization of children taking glutamine 
was significantly shorter. That leads to the conclusion that 
glutamine may be an effective and safe adjunct in the future 
for preventing mucositis during MTX chemotherapy [24].

Palifermin
Palifermin is a recombinant human keratinocyte growth factor 
(KGF) with cytoprotective effects. It has been shown to stimu-
late epithelial cell proliferation in many tissues of the organism. 
It binds to specific receptors on the surface of cells that line 
the mouth, stomach and intestines. This potentially may help 
protect healthy tissues from certain side effects caused by 
certain types of cancer treatment [25].

One research study from 2016 investigated the efficacy 
of palifermin in preventing oral mucositis in children with ALL 
by intravenous administration 3 days before and 3 days after 
chemotherapy. Children in the study group had significantly 
less frequent and less severe mucositis (none had WHO grade 
III or IV mucositis) [26]. The clinical study by Schmidt et al. ex-
amined pediatric patients with ALL who developed severe oral 
mucositis (WHO grade III–IV) at the first stage of therapy. They 
were then administered palifermin with subsequent similar 
cycles of chemotherapy. The incidence of mucositis decreased 
significantly, and its duration shortened. This confirmed the hy-
pothesis that palifermin could reduce the incidence, severity 
and duration of OM in HD-MTX-based chemotherapy and have 
a beneficial effect on patients’ quality of life [27].

Laser therapy
Low-level laser therapy (LLLT), also known as photobiomodula-
tion therapy (PBMT), is a non-invasive method of preventing 
and treating mucositis by applying a high-density mono-
chromatic narrow-band light source of varying wavelengths 
(630–830 nm) to the mucosa. The proven clinical efficacy 
of PBMT in preventing mucositis has led to its increasing use 
in pediatric oncology [28]. Several studies have been pub-
lished demonstrating the effectiveness of prophylactic laser 
therapy in children with ALL undergoing MTX treatment. One 
of them retrospectively examined the association of OM with 
PBMT in several pediatric oncology disease entities. MTX was 
the second most frequent cause of OM. PBMT significantly 
reduced the severity and incidence of OM in patients with 
ALL [29]. A study by de Castro et al. compared the course 
of chemotherapy treatment in patients using prophylactic oral 
laser therapy and laser therapy included only after the onset 
of OM symptoms. Summarizing the results, laser therapy has 
been proven effective in the treatment and prevention of OM, 
but prophylactic treatment resulted in better clinical outcomes 
at the end of treatment [30].

In contrast, another study compared the clinical outcomes 
of pediatric oncology patients receiving or not receiving pro-

phylactic lasotherapy. Tests on a group of 60 patients indicated 
no evidence of benefit from such treatment in children with 
chemotherapy-treated malignancy, especially when optimal 
dental and oral care was ensured [31].

Chlorhexidine
Chlorhexidine is an antiseptic solution used topically for various 
purposes, such as preoperative skin preparation, hand wash-
ing, vaginal antisepsis or treatment of gingivitis. It has broad 
spectrum activity against gram-positive and gram-negative 
bacteria, facultative anaerobes and aerobes, yeasts and certain 
lipid-bound viruses [32]. In view of this microbial-destroying 
effect, an attempt was made to implement chlorhexidine 
in the prevention of oral mucositis in oncology patients.

In the first trial, 0.12% chlorhexidine gluconate was admin-
istered to a study group of children with ALL for 10 days after 
each MTX infusion. Among these patients, a quarter developed 
grade I OM. In the control group, signs of inflammation ap-
peared in 80% and were more severe [33]. A similar study was 
conducted among patients at a Brazilian Medical Center, with 
comparable results – a significant reduction in the incidence 
of OM was noted in children who received 0.12% chlorhexidine 
mouthwash during intensive chemotherapy [34]. Soares et 
al. conducted a study evaluating clinical and microbiological 
changes in the oral mucosa of children with ALL during chemo-
therapy and after prophylactic use of chlorhexidine. Only five 
children developed features of OM, and microbiological tests 
resulted in a reduced number of pathogenic microorganisms, 
including coagulase-negative staphylococci, Candida albicans, 
E. coli and Stenotrophomonas maltophilia. No control group 
was formed in the study [35]. The results presented above 
suggest that systematic prophylactic treatment with the chlo-
rhexidine compound and careful attention to oral hygiene 
reduce the incidence of oral complications in children with 
ALL undergoing antineoplastic chemotherapy.

Other
A few single reports on other medical agents were also found, 
which may in future provide a basis for expanding research on 
their effectiveness in preventing OM.

Leucovorin is a derivative of folic acid used in the treat-
ment of methotrexate toxicity and chemotherapy regimens 
[36]. The administration of leucovorin during MTX treatment 
increases cellular folate levels, so it has been hypothesized that 
this may further contribute to the reduced incidence of OM 
after subsequent courses of MTX [37].

In pathogenesis, methotrexate-induced oral mucositis is 
thought to develop through epithelial damage by reactive 
oxygen species, disruption of cell growth and apoptosis 
or necrosis. This exposes the mucous membranes to oral 
infections caused by bacteria and fungi. The administra-
tion of MTX leads to an increase in oxidative stress and, 
consequently, cytotoxicity [38]. A study by Maiguma et al. 
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of cryotherapy on OM caused also by other medications, in-
cluding MTX [40–43].

Clinical picture
MTX-associated oral mucositis typically develops a few days after 
chemotherapy. Symptoms are varied, ranging from mild sore-
ness in the mouth to severe symptoms requiring total parenteral 
nutrition. The most common symptom is pain requiring analge-
sics. Other symptoms include: burning sensation in the mouth, 
difficulty swallowing leading to cessation of water and food 
intake. Changes in the oral mucosa develop from redness to 
ulcers. Due to pancytopenia after chemotherapy, bleeding from 
the ulcers may occur [44]. According to the WHO toxicity grading 
scale there are four grades of presence of oral mucositis:
I. oral soreness, erythema,
II. oral erythema, ulcers,
III. oral ulcers, only liquids intake (due to the mucositis), 
IV. oral ulcers, oral alimentation impossible (due to the mu-

cositis) [45].
In the next figures (fig. 1–8) four grades of MTX-oral mu-

cositis in children with ALL are presented. The source of all 
the photographs is the authors

examined the prophylactic use of a free radical scavenger 
(amifostine) and a cyclooxygenase-1 inhibitor as a disrup-
tor of hydroxyl radical production. From an electron spin 
resonance study, it was found that methotrexate-induced 
cell damage was restored by amifostine and cyclooxyge-
nase-1 inhibitor, and it was suggested that they may be 
useful protective agents against the chemotherapeutic 
toxicity of this drug [39].

The last preventive method suggested will be cryotherapy, 
which involves patients holding ice-chips in their mouths 
continuously during chemotherapy. No scientific studies 
have been found proving the efficacy of this method for MTX 
treatment, but several research papers have demonstrated 
its effectiveness against other chemotherapeutics, such as 
5-FU or mephalan, and during conditioning before HSCT. It 
is assumed that ice causes local vasoconstriction, which re-
duces drug delivery to the oral mucosa tissues and therefore 
reduces the risk of OM. In the cited studies, patients in the study 
group developed severe OM less often, required less intensive 
and shorter analgesic treatment, and avoided the need for 
TPN. This leads to the hypothesis that it is advisable to conduct 
further randomized studies examining the beneficial effects 

Figure 1. Oral mucositis grade I: erythema can be seen on the soft palate 
and upper labia; the patient complained of soreness on swallowing

Figure 3. Oral mucositis grade II: erythema and ulcers can be seen 
in the buccal mucosa

Figure 2. Oral mucositis grade II: erythema and ulcers can be seen 
in the labias 

Figure 4. Oral mucositis grade III: ulcers with extensive erythema can 
be seen
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Treatment of oral mucositis 
A completely effective method of treating OM after chemo-
therapy has not been developed to date. There are several 
medications used to manage inflammation and reduce pain 
more quickly, as further described below. However, none 
provide certain efficacy and they are not widely published 
in treatment protocols. Therapeutic management is therefore 
based on agents that regenerate the oral mucosa and reduce 
inflammation. In addition, supportive treatment in the form 
of analgesics, antibacterials, antifungals, dietary modification, 
including total parenteral nutrition, and changes in oral hy-
giene are practiced.

Laser therapy
Different biological effects have been described to explain 
the mechanism of laser therapeutic efficacy: increased colla-
gen production, the activation of energy production in the mi-
tochondria, the detoxification of free radicals, the proliferation 
of fibroblast cells and stimulation of angiogenesis [28]. The lit-
erature examining the efficacy of LLLT in treating OM in a popu-
lation of children with ALL was analyzed by the authors.

The first cited randomized clinical trial was conducted 
by Reyad et al. on a group of 14 patients. The study group 
was undergoing treatment with PBMT in addition to stand-
ard symptomatic therapy. There was a significant reduction 
in the severity of pain on the 10th day of treatment and a reduc-
tion in the degree of OM on the 14th day of treatment com-
pared to the control group [46]. Another trial compared the use 
of LLLT or placebo in cancer patients receiving chemotherapy 
or hematopoietic stem cell transplantation; 86% of the par-
ticipants were leukemia patients. In the laser-treated group, 
the average duration of OM to resolution of clinical symptoms 
was significantly shorter [47]. Other clinical studies by Cauwels 
et al., Karaman et al. and Fiwek et al. conducted similar clinical 
proceedings to those presented earlier. All obtained results 
confirmed that the use of PBMT reduces pain and discomfort 
in patients and has a positive effect on the severity and dura-
tion of OM [48–50].

Platelet-rich plasma and platelet gel
Platelet-rich plasma (PRP) contains a platelet concentration 
five times higher than the baseline, cytokines, growth factors, 

Figure 5. Oral mucositis grade III: ulcers with extensive erythema can be 
seen. Only liquid food intake

Figure 7. Oral mucositis grade IV: generalized ulcers, erythema, leukemia

Figure 6. Oral mucositis grade IV: generalized ulcers, erythema. Bleeding 
from the labias. Nourishing was no longer possible for this patient. Total 
parenteral nutrition was started

Figure 8. Oral mucositis grade IV: generalized ulcers, erythema, leukemia. 
yellow coating after antifungals



367

adhesion molecules, a certain amount of red blood cells (RBCs) 
and white blood cells (WBCs) depending on the preparation 
method. It is obtained from fresh peripheral blood with a plate-
let concentration above the baseline value [51]. Platelet gel 
(PG) is derived from PRP and consists of platelet concentrate 
(PC) deposited in a semisolid network of polymerized fibrin. 
The biological reasoning behind the use of PRP and PG in re-
generative medicine is related to the degranulation of platelets, 
allowing the release of growth factors, reducing the inflam-
matory response and promoting cell proliferation and dif-
ferentiation in the targeted tissue. Use of PRP has broadened 
considerably to encompass many fields of medicine, including 
dermatology, orthopedics, surgery, sports medicine, aesthetic 
medicine and dentistry [52]. Some reports have also been 
published about the efficacy of these agents in reducing neu-
ropathic and neurological pain associated with injuries. The use 
of platelet concentrates accelerates the healing of surgical 
wounds, skin ulcers, lesions typical of diabetic foot and chronic 
mucositis, as well as muscle and tendon repair [53].

Within the last few years, there has also been an attempt 
to use this agent in the field of oncology, including pediatrics. 
Piccin et al. examined the effectiveness of PG in treatment 
of severe oral and esophageal mucositis in an adult patient 
undergoing auto-HSCT for non-Hodgkin lymphoma. The pa-
tient self-administered the preparation in her oral cavity. A sig-
nificant improvement in mucositis and pain was noted after 
only 3 days of consecutive use. On day 8, the inflammation 
was found to have regressed. No side effects of the preparation 
were observed [54]. Another study described a five-year-old girl 
with rhabdomyosarcoma undergoing intensive chemotherapy 
who developed stage IV OM with severe pain and fever dur-
ing the second course of treatment. She was treated with 
antimicrobial drugs, analgesics, chlorhexidine and oral rinses, 
but no improvement was observed after three days of therapy. 
The decision was made to start a thrice-daily oral application 
of platelet gel. After just 12 h, significant improvement in mu-
cosal condition was observed, and two days later the patient 
did not require analgesic treatment, was able to receive oral 
nutrition, continue chemotherapy treatment, and the oral 
ulcers were progressively improving [55].

Picardi et al. conducted a study on an Italian group of pa-
tients affected by hematologic malignancies and who after 
allo-HSCT developed cGvHD with oral involvement in the form 
of painful ulcers and impaired oral nutrition. Limited oral ul-
ceration cGvHD was treated with PG alone, while the most 
extensive cGvHD received PG in combination with steroids. 
The results indicated that all patients treated with PG achieved 
rapid improvement in oral pain and food intake after just 2 ap-
plications of the gel. The absence of ulcer recurrence at the site 
of previous platelet gel application proves that its growth 
factor-rich content makes it a viable tool for maintaining long-
term tissue repair [56]. The 2021 clinical trial studied the ef-
fectiveness of platelet gel in children with stage II and III OM 

during chemotherapy. In the study group, PG was applied to 
mucosal lesions four times a day in addition to standard treat-
ment including analgesics, antimicrobials, and oral rinses. In al-
most all patients, the application of PG provided relief, reduced 
pain and decreased any burning sensation after the first day 
of application. In addition, there was a significant improvement 
in the appearance of the mucous membranes and regression 
of the inflammatory lesions within 4–5 days [57].

Other
There are several other individual, insufficiently researched 
ideas and treatments for OM. Additional scientific studies re-
porting innovative treatment attempts are presented and sum-
marized hereafter.

Taxifolin is a bioactive flavonoid found commonly in grapes 
or olive oil, among others, with well-established pharmaco-
logical effects, including having anti-inflammatory, antioxidant 
properties, and also antimicrobial and anticancer potential. 
It reduces oxidative stress, modulates signaling pathways to 
prevent apoptosis and decreases the expression of pro-inflam-
matory cytokines [58, 59]. Bayramoglu et al. conducted a study 
on MTX-treated rats, administering taxifolin by gavage. The oral 
mucosa was subsequently analyzed macroscopically, histo-
pathologically and biochemically. It was found that taxifolin 
antagonized the MTX-induced increase in oxidative and pro-
inflammatory factors and decrease in antioxidant properties 
in the internal tissues of the cheek and tongue. Taxifolin also 
significantly reduced histopathological damage induced by 
MTX administration. The results suggest that taxifolin may be 
useful in the treatment of MTX-induced oral mucositis [60].

Film-forming or coating agents might also be useful for 
the treatment of established mucositis. These include sucral-
fate and hydroxypropyl cellulose, whose efficacy in reducing 
OM has been clinically studied. An initial randomized clini-
cal trial reported good outcomes in reducing the severity 
of OM in a patient population treated with chemotherapy 
(5-fluorouracil) after treatment with sucralfate. However, 
a subsequent double-blind phase III study did not support 
the hypothesis from the initial study, as there were no differ-
ences in the severity or duration of inflammation between 
the study and placebo group [61]. Hydroxypropyl cellulose is 
a bioadhesive substance that can function as a protective bar-
rier over mucosal ulceration enabling pain relief and improved 
healing. The study group included chemotherapy-treated 
patients with symptoms of OM. After application of the gel 
with hydroxypropyl cellulose and benzocaine hydrochloride, 
oral pain and discomfort were assessed using a visual analog 
scale (VAS) and visual assessments of the amount of drug that 
remained on the mucosal lesions. Benzocaine hydrochloride, 
combined with a protective, mucoadhesive film coating, allevi-
ated discomfort even with exposure to an irritating beverage. 
This indicates that the administered treatment may enable 
patients with OM to drink and eat with significantly reduced 
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or no pain. However, the results are difficult to interpret due to 
the use of a gel combining two active substances in the study 
group [13, 62].

Pain management
Pain may be the only symptom of OM, although it is usually 
the first of many. The crucial issue remains to control it effec-
tively, as severe pain impairs food and drink intake, which may 
result in malnutrition and mineral deficiencies. In addition to 
the classic analgesic ladder approach in children, additional 
less-known pain management methods are presented, includ-
ing topical analgesics and the use of virtual reality.

Topical morphine
The use of non-opioid topical analgesics can reduce the dose 
of systemic opioids. Compared to their administration, topi-
cal morphine has been shown to have even more beneficial 
effects. These include simplicity of use, low cost and minimal 
systemic side effects. The benefits are not only related to pain 
relief. There is also some evidence that opioid receptors are 
expressed on oral epithelial cells and morphine may accelerate 
cell migration, which in turn can enhance the wound healing 
process. Topical morphine is applied as a solution to swish 
and spit. There have been studies on the selection of the most 
effective percentage solution. Sarvizadeh et al. reported that 
2% morphine was effective in reducing the severity of OM. 
However, its use with a pediatric population suffering from 
ALL is unknown. MASCC/ISOO suggest 0.2% topical morphine 
mouthwash for the treatment of OM-associated pain in head 
and neck cancer patients treated with RTX/CTX [63, 64].

Benzydamine
Benzydamine is a local anti-inflammatory drug that also has 
analgesic properties. It is an inhibitor of leukocyte-endothelial 
interactions, neutrophil degranulation, vasodilation and vas-
cular permeability. It also reduces the synthesis of TNF-α, IL-1β 
and prostaglandins [65]. Although it is widely used in radio-
therapy-induced OM, there is still no strong evidence for its use 
in hematologic malignancies. However, given that it is feasible, 
inexpensive and frequently administered in pediatrics, more 
studies are needed in children with ALL [66].

Virtual reality
Virtual reality (VR) is a feasible, non-pharmacological method 
of distraction and adjustment to conventional pain manage-
ment. VR is a digital simulation. It can be either immersive (IVR) 
or non-immersive, depending on the patient’s point of view 
and the experience created during use. Non-immersive VR al-
lows content to be viewed through traditional graphical displays, 
such as a TV or smartphone, while IVR includes head-mounted 
glasses and motion tracking systems. This allows full immersion 
to be attained. VR distraction has the potential to manage pain 
and anxiety in children with hematological cancers [67].

Virtual reality can be used for more than just the manage-
ment of chronicling pain associated with malignant disease. 
It has been tested in patients undergoing painful procedures, 
such as burn wound care, with the following results: reduced 
pain scores and decreased use of opioids [68]. The afore-
mentioned results indicate that this use of virtual reality 
may prove helpful during the treatment of children with oral 
mucositis. This distraction and diversion may be particularly 
important during procedures that increase a child’s pain 
sensation associated with oral interventions, which include 
physical examination, mouth rinsing or application of topical 
medications.

Conclusions
Methotrexate, an antifolate agent, is one of the most widely 
used drugs in various malignancies and plays a crucial role 
in treating ALL in children. Patients with Down syndrome 
have an extra copy of the gene responsible for encoding 
the transporter for methotrexate, resulting in a significant in-
crease in the toxicity of the drug in this group. One of the most 
frequent side effects following its administration is inflamma-
tion of the mucosa, including the oral cavity. Clinical trials have 
evaluated the effectiveness of medications such as glutamine, 
palifermin, chlorhexidine, amifostine, cyclooxygenase-1 in-
hibitors, leucovorin, or other methods including laser therapy 
and oral cryotherapy in preventing OM. Typically, oral mucositis 
develops a few days after chemotherapy. Symptoms are varied, 
ranging from mild soreness in the mouth to erythema, ulcers 
and severe pain. There are several methods used to control 
established inflammation and reduce pain more effectively: 
laser therapy, platelet-rich plasma and platelet gel, taxifolin, 
film-forming and coating agents. Crucial support is offered by 
interventions involving analgesic treatment, including topical 
morphine and benzydamine and a more recent approach 
based on virtual reality, for example.
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