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Abstract

Purpose
The present, retrospective cohort study evaluated the e�cacy of photobiomodulation (PBM) with LEDs to
prevent and treat oral mucositis (OM) in pediatric patients receiving high doses of MTX, and the
relationship of the occurrence of OM with laboratory parameters as possible risk factors for the
development of OM.

Methods
The medical records of children who received high doses of MTX (> 2g/m2) and photobiomodulation with
LEDs were reviewed. Development of OM, hepatic and renal function, hemogram, delayed MTX excretion,
febrile neutropenia were analyzed.

Results
Only 28 cases of OM were observed in the 358 cycles of high-dose MTX analyzed. Oral mucositis was
associated with low levels of hemoglobin (p < 0.0001), hematocrits (p < 0.0001), ALT (p < 0.0001), and
AST (p = 0.002). The risk of developing OM was associated with AST (OR 7.24; 95%CI 2.56–20.45), urea
(OR 6.95; 95%CI 1.49–32.42), hemoglobin (OR 6.04; 95%CI 2.33–15.64), and febrile neutropenia (OR 4.41;
95%CI 2.89–15.73). This risk increases when these parameters are associated.

Conclusion
The low incidence of mucositis, compared with the literature, indicates that PBM can prevent and reduce
the severity of OM, as well as hospitalization time. The risk of OM development is associated with febrile
neutropenia, hematological, and kidney and liver toxicity, with the risk increasing when these factors are
associated.

Introduction
Childhood cancers are a heterogeneous group of disorders that represent approximately 1%–2% of all
cancers, with their incidence varying considerably among different regions, being more frequent in
countries with a low human development index [1, 2]. The most common types of cancer affecting these
patients are leukemias, lymphomas, osteosarcomas, tumors of the abdomen and central nervous system,
and rhabdomyosarcomas [1]. Pediatric tumors are typically treated with high doses of methotrexate
(MTX), in particular in the case of leukemia, osteosarcoma, and lymphoma. Methotrexate is a folic acid
antagonist that interferes reversibly with the action of several key enzymes, including dihydrofolate-
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reductase, thymidilate synthetase, and amino-imidazolecarboxamide ribosyl-5-phosphate (AICAR)
transformylase in the folate pathway [3].

Although MTX is safe and effective for the treatment of pediatric cancers, it may have adverse effects
that can lead to the interruption of the treatment, resulting in a poor outcome for the suppression of the
cancer [4]. Common adverse effects include acute kidney lesion, myelosuppression, hepatotoxicity,
neurotoxicity, and mucositis [4, 5]. Oral mucositis (OM) is a debilitating condition that impedes
swallowing, eating, drinking, and talking, and requires treatment with opioids, which increases the risk of
infection, leading to delays in the chemotherapy, a prolongation of hospital stays, and increased mortality
[6, 7].

The incidence of OM in children receiving high doses of MTX ranges from 25% to 75%, with the condition
normally initiating 3 to 10 days after the infusion of the chemotherapy, and lasting up to three weeks [7].
A number of studies have investigated potential strategies for the prevention, treatment or alleviation of
the symptoms of mucositis [8, 9]. Recently, the Multinational Association of Supportive Care in Cancer
and the International Society of Oral Oncology (MASCC/ISOO) published guidelines for the management
and prevention of mucositis caused by cancer therapy. These measures include basic oral care,
photobiomodulation (PBM), cryotherapy and the application of keratinocyte growth factor to prevent OM
in patients undergoing chemotherapy [8]. Although PBM is a recommended protocol to prevent OM in
pediatric patients, the procedure needs to be evaluated in greater detail. Photobiomodulation is used to
stimulate the biological response of the patient using sources of light, which may include lasers, light-
emitting diodes (LEDs), and normal light in the visible and near-infrared spectra at very low, non-thermal
doses [10].

Photobiomodulation with LEDs has been proposed as a safe and low-cost alternative tool for the
prevention of OM with features similar to those of low-level laser therapy (LLLT) [11, 12](artigo SCC). The
present study evaluated the e�cacy of LEDs for the prevention and treatment of oral mucositis in
pediatric patients receiving high doses of MTX, and identi�ed laboratory parameters that act as risk
factors for the development of OM. The study involved a total of 118 patients, all being treated with high
doses of MTX. The occurrence of OM, the severity of the in�ammation, hospitalization time, MTX
secretion, myelossupression, liver and kidney toxicity, and febrile neutropenia were all analyzed.

Patients And Methods
The present retrospective cohort study was conducted at the “Octavio Lobo” Pediatric Oncology Hospital
in Belém, Brazil, following the guidelines of the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement for cohort studies. The protocols for this study were also approved by
the Ethics Committee of the Pará University Center (CESUPA) in Belém, Brazil (82409317.0.0000.5169).

All the patients at this hospital who received high doses of MTX (intravenous infusion of 2 g/m2, over
24h) between June 2019 and September 2020 were included in the study. The clinical data on the
patients were obtained from the SALUX software (Porto Alegre, RS, Brazil). The inclusion criteria were:
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age of 0–19 years; received the PBM protocol with LED to prevent OM (artigo SCC), and returned for a
medical appointment 7–10 days after being discharged from hospital. The exclusion criteria were:
patients undergoing radiotherapy of the head and neck; medical records missing the results of the tests
conducted after the chemotherapy cycle, and clinical data missing. The variables of interest were: sex;
age; MTX excretion (less than 0.2 µM in 48 hours); mucositis grade; hemoglobin; hematocrit; platelet,
blood cell and neutrophil counts; creatinine; urea; aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and febrile neutropenia. The results of these exams were graded according the
Common Terminology Criteria for Adverse Events (CTCAE) of National Cancer Institute (NCI), version 5.0.

In a medical appointment, blood samples were collected from each patient, and their oral cavity was
examined by a quali�ed dentist to identify the potential oral complications of chemotherapy. The World
Health Organization (WHO) scale was used to grade the patients: grade 0 = no mucositis; grade 1 = 
erythema with no lesions; grade 2 = presence of ulcers, but patient able to eat; grade 3 = painful ulcers, but
patient able to consume liquid food with analgesia; grade 4 = requires parenteral or enteral support and
continuous analgesia. Patients diagnosed with OM were evaluated and received PBM with LEDs on a
daily basis. The PBM was applied using a cluster of 6 red (660 ± 20 nm) LEDs (Cosmedical, SP, Brazil).
The LEDs were applied using the following dosimetric parameters: power output 5 mW, exposure time of
120 seconds, radiant exposure of 2 J/cm2, and 0.6 J per point. The CT cycles were divided into two
groups, those with OM and those with no OM.

Statistical analysis
The data are presented as the frequency, mean, standard deviation (SD), median, and percentiles,
depending on the parameter analyzed. The data were �rst analyzed using descriptive and inferential
statistics, followed by logistic regression run in Graphpad Prism 5 (GraphPad Software, La Jolla,
California, USA) and BioEstat 5.0 (Instituto Mamiraua, Tefé, Amazonas, Brazil). The categorical values
were dichotomized (0/1) based on the CTCAE/NCI guidelines, and are summarized in Table 1. The
chemotherapy cycles with missing laboratory data or no follow-up information were excluded from the
analyses.
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Table 1
The dichotomization of the variables for the logistic regression analyses run in the

present study.
Variable Dichotomized category

0 1

Sex Female Male

Age ≤ 6 years old > 6years old

Hemoglobin ≥ 8g/dL < 8g/dL

Hematocrit ≥ 30% < 30%

White blood cells ≥ 2 x103 cells/mm3 < 2 x103 cells/mm3

Neutrophil ≥ 103/mm3 < 103/mm3

Platelet ≥ 50x103/mm3 < 50x103/mm3

Urea ≤ 48mg/dL > 48mg/dL

Creatinine ≤ 0.7 > 0.7

Aspartate aminotransferase (AST) ≤ 120 U/L > 120 U/L

Alanine aminotransferase (ALT) ≤ 123 U/L > 123 U/L

Febril neutopenile (FN) Absent Present

Delayed MTX excretion Absent Present
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Table 2
Characteristics and clinical parameters of the 118 participants in the present study, including their gender,

age, diseases, CT protocol and oral complications following CT.
Characteristic n %

Gender    

Male 68 57%

Female 50 43%

Age    

0–6 years 51 43%

7–12 years 34 29%

> 13 years 33 28%

Diseases    

ALL 79 67%

Osteosarcoma 16 14%

AML 6 5%

Lymphoma 10 8%

Others sarcomas 7 6%

CT protocol  

BFM 2009 62 52%

GLATO 13 11%

RE-LLA 9 8%

BFM 95 8 7%

BFM 2002 6 5%

COG 4 3%

AML 2002 4 3%

Brasileiro 2 2%

Interfant 2 2%

RXVII 2 2%

ALL: Acute Lymphoblastic Leukemia; AML: Acute Myeloblastic Leukemia; CT: chemotherapy; GLATO:
Latin American Group of Osteosarcoma Treatment; COG: Children’s Oncology Group; ANUG: Acute
Necrotizing Ulcerative Gingivitis
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Characteristic n %

Other 6 5%

Oral complications  

Mucositis 28 58%

Candidiasis 11 22%

Petechiae 3 6%

Herpes 2 4%

Pericoronaritis 2 4%

ANUG 2 4%

Abscess 1 2%

ALL: Acute Lymphoblastic Leukemia; AML: Acute Myeloblastic Leukemia; CT: chemotherapy; GLATO:
Latin American Group of Osteosarcoma Treatment; COG: Children’s Oncology Group; ANUG: Acute
Necrotizing Ulcerative Gingivitis

The initial analyses were based on t tests of the unadjusted means between patients with OM and those
with no OM. The dichotomized data were then evaluated using a bivariate analysis, with the adjusted
odds ratio being obtained using a multiple regression. The multiple regression model included the four
variables with the lowest p values obtained in the bivariate model.

Results
A total of 123 patients were treated using high doses of MTX during the study period, although �ve were
excluded from the present study due to the lack of data on the chemotherapy protocol or syndrome
association, which left 118 patients that were included in the analyses (Fig. 1). A total of 364
chemotherapy cycles were analyzed, although six cycles were excluded due to the lack of laboratory data,
resulting in a �nal total of 358 cycles (Fig. 1). The most common diagnoses were Acute Lymphoblastic
Leukemia, ALL (72 patients, 61% of the total), osteosarcoma (16 patients, 14%), and Acute Myeloid
Leukemia, AML (6 patients, 5%). All patients received at least 2 g/m2 of MTX. The principal CT protocols
were BFM2009 (52% of the patients), GLATO (11%), RE-LLA (8%), BFM 2002 (5%) and COG (3%), with the
GLATO and COG protocols being applied to solid tumors and the others to leukemia and lymphomas. The
principal oral complaints following the CT cycle were OM (58% of the complaints), candidiasis (22%),
petechiae (6%), and herpes labialis (4%).

Oral mucositis (OM) was diagnosed in 28 of the 358 MTX cycles, of which 10 (35.7%) cases were
classi�ed as grade 1, 12 (42.9%) as grade 2, and six (21.4%) were classi�ed as grade 3 on the WHO scale.
Overall, 67.9% (19) of these cases were recorded in patients with leukemia, 17.9% (5) in patients with
osteosarcoma, and 14.2% (4) of the cases were recorded in patients with lymphomas. Hospitalization
time was up to 8.1 days for the treatment of the patients with grade 1 OM, up to 14.5 days for patients
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with grade 2 OM, and up to 15.8 days for those with grade 3 OM. Valer et al. 2020 [6] analyzed 255 cycles
of high-dose MTX in pediatric cancer without any prophylactic procedures for the prevention OM, and
recorded a prevalence of OM of 74.9% (191 cycles). Comparing these �ndings with those of the present
study using Fisher’s exact test, the patients treated with LEDs had a 90% better chance (RR = 0.1; 95%CI = 
0.07265–0.1501) of not developing OM in comparison with the patients that who have not received
preventive PBM treatment.

In the comparison of the laboratory parameters, the t-test revealed no association of OM with the platelet,
blood cell or neutrophil counts, creatinine or urea (Table 3), although a signi�cant difference was found in
hemoglobin, hematocrits, aspartate aminotransferase (AST), and alanine aminotransferase (ALT).
However, when the values were dichotomized for a simple logistic regression (Table 4), OM was
associated hemoglobin, white blood cell count, urea, ALT, AST, and febrile neutropenia.

Table 3
The results of the t tests comparing the mean clinical parameters between the groups

of patients with oral mucositis or no OM.
Parameter No OM Presence of OM p

Median SD Median SD

Hemoglobin (g/dL) 11.24 0.10 9.474 0.3502 < 0.0001

Hematocrit (%) 33.77 0.29 29.15 0.9281 < 0.0001

Leukocyte count (cells/mm3) 4788 308 5549 2532 0.05483

Neutrophil count (cells/mm3) 2198 116.4 3363 1669 0.076

Platelet Count (/mm3) 203929 6792 198571 32095 0.87

Urea (mg/dL) 22.03 0.57 22.71 1.99 0.72

Creatinine 0.38 0.001 0.35 0.017 0.23

ALT (U/L) 64.69 4.8 153.4 50.60 < 0.0001

AST (U/L) 45.6 4.41 77.6 19.07 0.002
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Table 4
The simple logistic regression of the clinical and laboratory

parameters on the risk of oral mucositis in the present study.
Parameter Oral Mucositis

Odds Ratio p 95% CI

Gender 0.8 0.53 0.40–1.6

Age > 6 years 0.72 0.35 0.36–1.44

Hemoglobin 6.048 0.0002 2.33–15.64

Hematocrits 1.122 0.45 0.89–1.60

Leukocyte count 3.3896 0.0012 1.62–7.08

Neutrophil count 1.8867 0.0809 0.93–3.76

Platelet count 1.5222 0.3824 0.59–3.91

Urea 6.9545 0.0135 1.49–32.42

Creatinine 0.0001 0.8140  

ALT 2.7530 0.0136 1.23–6.15

AST 7.24 0.002 2.56–20.45

Febrile neutropenia 4.41 < 0.0001 2.89–15.73

Delayed MTX excretion 1.623 0.34 0.89–2.12

The variables with the highest odds ratios (ORs) were AST (OR = 7.24; 95%CI = 2.56–20.45), urea (OR = 
6.95; 95%CI = 1.49–32.42), hemoglobin (OR = 6.04; 95%CI = 2.33–15.64), and febrile neutropenia (OR = 
4.41; 95%CI = 2.89–15.73). These four variables were paired for multiple logistic regression to determine
their potential interaction (Table 5). In this case, the OR of the interaction between hemoglobin and AST
was 8.27 (95%CI = 2.83–24.17), while that recorded between hemoglobin and febrile neutropenia was
7.59 (95%CI = 3.14–18.38), 6.96 between urea and febrile neutropenia (95%CI = 2.95–16.42), 6.66
between hemoglobin and urea (95%CI = 1.34–33.26), 6.30 between urea and AST was 6.30 (95%CI = 
2.16–18.39), and 5.63 between AST and febrile neutropenia (95%CI = 2.32–13.67).
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Table 5
The multiple logistic regression of the combination of different laboratory

parameters on the risk of oral mucositis in the patients analyzed in the present study.
Combination of parameters Odds Ratio P 95% Con�dence Interval

Hb + Urea 6.669 0.02 1.34–33.26

Hb + AST 8.275 0.0001 2.83–24.17

Hb + NF 7.594 < 0.0001 3.14–18.38

Urea + AST 6.302 0.0008 2.16–18.39

Urea + NF 6.960 < 0.0001 2.95–16.42

AST + NF 5.636 0.0001 2.32–13.67

Hb: hemoglobin; NF: febrile neutropenia; AST: Aspartate aminotransferase

Discussion
High-dose MTX is important in consolidation chemotherapy when treating pediatric patients with
leukemia, lymphomas, osteosarcoma, and other childhood malignancies. The side effects of high-dose
MTX vary considerably among individuals, and may require adjustments to the treatment, with survival
being impaired in the most serious cases. Oral mucositis (OM) is the most frequent toxic outcome [4]. Our
previous study suggested that PBM with LEDs has similar effects to low-level laser therapy (LLLT). Given
this, LEDs were adopted for the prevention and treatment of OM related to high-dose MTX, and the results
of the present study indicate that the prevalence of OM associated with CT cycles may be reduced by
more than 90%, although correlations were found with clinical parameters, such as hemoglobin, urea, and
AST.

A number of techniques, including PBM, have been suggested for the prevention of OM. The
MASCC/ISOO recommended the PBM with LLLT to prevent OM with a high level of support from the
empirical evidence [8]. However, a review of the evidence found that it was not possible to de�ne
universal guidelines for the use of intra-oral PBM in the prevention of OM in cancer patients treated with
CT due to the considerable variability in the PBM protocols. The protocol used in the present study
consisted of the daily application of red light at 660 nm, with a power output of 5 mW, a total of six
points per area, and exposure time of 120 seconds, leading to a radiant exposure of 2 J/cm2, or 0.6 J per
point. These parameters are similar to those adopted in other studies [13–16] which suggested 2J/cm2
an optimal radiation dose to prevent and reduce the incidence of severe OM induced by chemotherapy.

Severe OM affects the patients’ health and quality of life, and increases hospital costs though the need
for enteral or parenteral nutrition, systemic analgesics, prolonged hospital stays, and increased mortality
[10]. Elting and Chang reported an incremental cost of OM is around $3700 per cycle among patients
receiving CT [17]. We did not estimate the reduction in hospital costs associated with the application of
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PBM with LEDs, although the incidence of OM was reduced to approximately 7%, there were no cases of
grade 4 OM and only six cases of grade 3 OM, and mean hospitalization time was reduced considerably
in comparison with the normal treatment of OM [7].

The most commonly-described side effects of MTX therapy are myelosuppression, acute liver toxicity,
nephrotoxicity, mucositis, and neurotoxicity [18], in addition to the risk of development of OM. Low
hemoglobin levels have been shown to be risk factor for the development of OM. Neutropenia and
lymphopenia are common in patients with hematologic malignancies, and may also arise as an adverse
effect of the treatment of these disorders, and these conditions appear to be associated with a higher risk
of the bacterial colonization of the damaged epithelium, leading to the aggravation of OM [9, 19]. The
present study did not reveal any association between OM and low counts of lymphocyte, platelets or
neutrophils, although there was an association with febrile neutropenia, which indicates that this
infection and the associated in�ammatory response may play an important role in the development of
OM. The data collected in the present study do not allow the interpretation of any temporal relationship,
however, that is, whether febrile neutropenia is a precursor of OM, or vice-versa.

A number of risk factors have been related to the development of OM, such as delayed MTX excretion
[20–23], although not all the studies have found a correlation between mucositis (oral or gastrointestinal)
and high plasma concentrations of MTX [6, 24, 25]. The present study found no signi�cant correlation
between the development of OM and the MTX excreted 72 h after the infusion. This indicates that the
plasma levels after 72 h may not be a good indicator of toxicity, and that the evaluation of the liver and
kidney from peripheral blood would likely be more valuable. It is important to note, however, that the use
of LED in the present study may have masked the potential for predicting these markers, due to the
increased resistance of the oral mucosa

Methotrexate (MTX) is a dihydrofolate reductase inhibitor that can reduce hepatic folate stocks and
toxicity due to local folate de�ciency, increasing the levels of transaminase [26]. During high-dose
intravenous MTX, serum transaminase levels may rise to 10–20 times the normal upper limit within 12–
48 hours, although they may then fall rapidly back to normal with only rare cases of jaundice or
symptoms of liver injury [27]. Liver enzymes are elevated in children treated with prolonged high doses of
MTX, although no correlation has been found between liver toxicity and OM in individuals protected with
LED applications to the oral mucosa [6, 22, 28]. The results of the present study indicated that high levels
of AST after at least 7 days may predict hepatic injury and OM in patients submitted to PBM with LEDs. It
would thus appear to be reasonable to assume that PBM with LED improves the resistance of the oral
mucosa to MTX toxicity, and that the progression to OM will occur only toxicity is high enough to cause
damage to other organs.

Renal toxicity is a major concern in patients receiving high doses of MTX, occurring in 2–12% of patients
[4]. This nephrotoxicity can be reduced by prior hyperhydration and urine alkalization, given that a neutral
pH increases the solubility and excretion of MTX, which reduces the formation of crystals in the renal
tubules [4]. In the present study, all 358 high doses MTX cycles were preceded by hyperhydration and
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urine alkalization, which evolved to high levels of creatinine in 18 cases (none of which developed OM)
and high urea in seven cases (of which, �ve had OM). High levels of urea have been associated with a
type of oral ulceration known as uratemic stomatitis, due to the reaction of tissue to toxins or uratemic
catabolites, or the hydrolyzing action of the oral bacterial �ora on the urea, which results in the formation
of irritant ammonium compounds [29]. This suggests that high levels of urea can be used as an indicator
of MTX toxicity, and increasing OM. These �ndings reinforce the need for the investigation of more
effective preventive measures in this group of patients.

Overall, then, oral mucositis is one of the most problematic complication in children being treated with
high doses of MTX. However, the present study showed that photobiomodulation with LEDs may both
prevent OM and reduce the severity of this disorder, as well as decreasing hospitalization time. The risk of
developing OM was associated with febrile neutropenia, hematological, kidney, and liver toxicity, and this
risk is exacerbated when these factors are associated with one another.
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Figure 1

Flowchart of the selection of the patients for the present study


