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Abstract

Objective: The aim of this study was to evaluate the influence of low-level laser therapy (LLLT) on the prevention and treatment of oral mucositis (OM) in pediatric cancer patients taking methotrexate. Background data:
OM is a very common, potentially severe side effect, caused by treatment with radiotherapy and chemotherapy
for cancer. Methods: Forty patients with acute lymphoblastic leukemia, who received high doses of methotrexate, were distributed into two groups. Group A (Preventive Group) was composed of patients who received
preventive laser (red-subgroup A1 or infrared-subgroup A2) for 5 days, beginning on the 1st day of infusion.
Group B (Treatment Group) was composed of patients who received laser treatment only if they developed postchemotherapy mucositis (red-subgroup B1 or infrared-subgroup B2). Laser was used at wavelengths of 660 or
830 nm with output 100 mW, power density 3.57 W/cm2, spot size 0.028 cm2, energy of 1 J, resulting in an energy
density of 35 J/cm2 for 10 sec in the prophylactic group, and energy of 2 J, resulting in energy density of 70 J/cm2
for 20 sec in the therapeutic group. Results: The percentage of patients who did not develop OM was higher in
Group A (60% vs. 25%). In Group B, 3/20 patients developed grade IV OM (15%), and a significant difference
was found between the two subgroups at the end of treatment ( p = 0.019). Conclusions: Prophylactic laser
produced a better outcome than when patients did not receive any preventive intervention, and red laser
(660 nm) was better than infrared (830 nm) in the prevention and treatment of OM.

Introduction

O

ral mucositis (OM) is a very common, potentially
severe side effect, caused by treatment with radiotherapy and chemotherapy (CT) for cancer. It can be a limiting
factor in the scheduled cancer treatment regimen, leading to
suspension or interruption of the programmed treatment,
with the consequent decrease in its effectiveness and even in
the patient’s survival.1
Patients with OM often experience intense pain, leading to
difficulty with eating and speech. In addition, mucosal barrier
injury represents a portal of entry for opportunistic infections.2,3
The pathophysiology of mucositis is dynamic and multifactorial, which includes five phases: initiation, upregulation
and message generation, signal amplification, ulceration, and
healing.4
The initiation phase is followed by both DNA and nonDNA damage. Direct cellular injury targeting the basal epi-

thelial cells occurs simultaneously with the generation of
reactive oxygen species (ROS). In the primary damage response (message generation phase) a series of transcription
factors are activated and the production of pro-inflammatory
cytokines such as nuclear factor-jB (NF-jB), tumor necrosis
factor-alpha (TNF-a), interleukin-1, (IL-1), and interleukin-6,
(IL-6), nitric oxide (NO), ceramide, and matrix metalloproteinases (MMPs) occurs, which leads to apoptosis and tissue
injury. The inflammatory modulators are activated, and
provide a positive feedback loop (signal amplification) that
drives the destructive process, so that the oral epithelium
eventually breaks down and ulcerates (ulceration phase).
The healing phase is also biologically dynamic, with signaling from the submucosal extracellular matrix stimulating the
migration, differentiation, and proliferation of epithelial
healing.4–7
These biological events are influenced by various factors,
such as drug toxicity, dose, the interval between cycles,
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associated radiotherapy, the general health of the patient,
susceptibility to the CT agents, and patient’s dental condition
and oral hygiene.2
Many treatments and strategies have been described to
prevent and reduce the severity of mucositis, such as an
intensive oral care protocol, antimicrobial agents, antiinflammatory agents, cytoprotective agents, growth factors,
natural and homeopathic agents, and local anesthetics.1,8
Clinical trials on these modalities have yielded inconsistent results; therefore, none of them have become a gold
standard adjunct with proven efficacy.
Because of the ease of use, absence of side effects, low cost
of the equipment, and positive results, the use of LLLT has
been shown to be a new therapeutic option that can be used
for management of OM.9,10 Therefore, this study described
the effect of LLLT on the prevention and treatment of OM in
pediatric patients submitted to cancer treatment, such as the
use of methotrexate.
Methods
Characterization of the study
A clinical study was conducted at the institute of integrated medicine ‘‘Instituto de Medicina Integral Professor
Fernando Figueira’’ from January 2010 to December 2010. A
total of 40 patients (27 males and 13 females) in the age-range
from 1 to 18 years receiving care at the Pediatric Oncology
Unit, were selected. All had acute lymphoblastic leukemia,
and received high doses of methotrexate (HDMTX) (2.5 and
5.0 g/m2) in the consolidation phase.
The protocols for this study were approved by the Ethics
Committee of the ‘‘Instituto de Medicina Integral Professor
Fernando Figueira,’’ Recife, Brazil, under protocol #1562 and
were performed at the Pediatric Oncology Unit of this Institute. Throughout the study, the patients were cared for in
accordance with the principles of the Helsinki Declaration of
1975, as revised in 2000.
All patients underwent the oral care protocol before
starting the oncologic treatment. The oral care protocol included oral examination and preventive dental treatment,
and potential sources of infection were assessed and completely eliminated. Standardized methods of oral hygiene
were established with the use of soft toothbrushes, toothpaste, and dental floss.
Inclusion criteria
Patients with acute lymphoblastic leukemia and receiving
HDMTX (2.5 and 5.0 g/m2) in the consolidation phase were
included.
Exclusion criteria
Patients were excluded from the study if they had active
oral, viral, bacterial, or fungal infections, or had active oral
bleeding that was uncontrollable during laser therapy. In
addition, patients were excluded if they were receiving drugs
for the treatment and/or prevention of mucositis.
Study design
The patients were distributed by convenience sampling
into two groups (A and B) based on the order in which they
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were hospitalized. Group A was composed of patients who
received preventive laser [red or infrared–subgroups A1
(n = 10) and A2 (n = 10), respectively] for 5 days, beginning on
the first day of CT. Group B was composed of patients who
did not receive any preventive intervention, and those who
developed post-CT mucositis were subjected to therapeutic
laser [red or infrared–subgroups B1 (n = 10) and B2 (n = 10),
respectively] until full remission of the lesions.
Group A – preventive laser. Preventive laser was applied
at 24 h intervals, with the first application on Day 1 of the CT
cycle and continuing up to Day 5 of the cycle.
Group B – therapeutic laser. Therapeutic laser was applied after the diagnosis of OM, at 24 h intervals, until
complete remission of the lesions.
Application of low-level laser
The Flash Laser III (DMC, Plantation, FL) laser equipment was used, at a wavelength of 660 nm (red laser) and
wavelength of 830 nm (infrared laser), both with 100 mW
power and spot size of 0.028 cm2.
All applications were performed by a single professional.
Irradiations were performed in contact mode, used punctually and perpendicular to the tissue. The tip of the laser was
disinfected with 70% alcohol solution and wrapped with a
plastic film. Patients and operators wore glasses for eye
protection.2
In Group A (preventive treatment), specific sites were selected in the oral mucosa: the left and right jugal mucosa
(two points on each side), the superior and inferior internal
lip mucosa (one point in each quadrant), the floor of the
mouth (one point on each side), the lateral edge of the tongue
(two points on each side), the tip of the tongue (one point),
the soft palate (one point on each side), and the labial commissure.2 In the soft palate, the laser application was defocused at a distance of *1.5 cm, with the goal of achieving
better patient tolerance.
Each site received 1 J of energy,11 resulting in an energy
density of 35 J/cm2. The exposure time was 10 sec/point.
In Group B (therapeutic treatment), the laser was directly
applied to the mucositis lesions. Each lesion received an
application of 2 J of energy,12 resulting in energy density of
70 J/cm2, with a 20 sec exposure time per point.
For all protocols, before and after each session the power
output was checked using a power meter (Coherent Molectron, Santa Clara, CA).
Progression
Both groups were evaluated daily using the World Health
Organization (WHO)13 scale: grade 0 = no mucositis; grade
I = erythema without lesions; grade II = ulcers, but able to eat;
grade III = painful ulcers but able to consume liquid food
(nutrition), with analgesia for support; grade IV = requires
parenteral or enteral support and continuous analgesia.
The patient self-assessed pain was measured by means of
the visual analogue scale (VAS), which quantifies pain from
0 to 10, in an ascending order. This assessment was made
before each LLLT session.
In Group A, if the patient’s mucosa was normal by Day 5,
the laser application was discontinued. However, if the
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Table 1. Grade of Clinical Mucositis Per Day of Evaluation Per Age Range
Age range (years)
Evaluation day

£ 8 years
Average – SD (median)

> 8 years
Average – SD (median)

0.00 – 0.00 (0.00)
0.85 – 1.01 (0.00)
1.08 – 1.49 (0.00)

1
3
5
a

0.00 – 0.00 (0.00)
0.14 – 0.53 (0.00)
0.00 – 0.00 (0.00)

p Value
a

p = 1.000
pa = 0.030b
pa = 0.007b

Mann–Whitney test.
Significant difference at the level of 5.0%.

b

patient developed OM, the preventive laser protocol was
discontinued and the therapeutic laser protocol was initiated
and continued until full remission of lesions.
In Group B, the therapeutic laser protocol was performed
when the oral mucositis first appeared through to full remission. If the patient’s mucosa was normal by Day 5, no
therapy was performed.
In both groups, the patients were evaluated until Day 14.
Results
Patients underwent dental treatment before the CT; in
72.5% of patients, oral health was excellent, and was not
correlated with the absence of OM ( p > 0.05).
Among the 40 patients, 65% were in the age range from 1
to 8 years, with a mean of age 6.83 years, and 67.5% were
males.
The overall incidence of oral mucositis was 57.5%; however, among the patients up to 8 years of age, the degree of
mucositis was significantly higher than that observed among
patients > 8 years (Table 1). In both groups, the distribution
of the patients up to 8 years of age was similar. In Group A,
12 patients (60%) were < 8 years of age, and in Group B, 13
(65%) were < 8 years of age.
In Group A, 40% of patients developed OM and in Group
B, 75% of patients developed OM. In subgroup A1, only 30%
of patients had mucositis; in subgroup A2, 50% had mucositis; in subgroup B1, 70% had mucositis and in subgroup B2
80% had mucositis.

FIG. 1. Distribution of oral
mucositis per grade, per subgroup.

In Group A, 8 patients developed OM: 2 on Day 2, 3 on
Day 3, 1 on Day 6, 1 on Day 7, and 1 on Day 8. In Group B, 15
patients developed OM: 3 on Day 2, 4 on Day 3, 3 on Day 4, 1
on Day 5, and 4 on Day 6. Figure 1 shows the degrees of OM
in each group at end of study according to WHO parameters.
In Group A, no patient developed extensive ulcers and in
Group B, 7.5% [3/20: one patient in subgroup B1 (Day 5) and
two in subgroup B2 (Day 4 and Day 5)] developed extensive
ulcers. In both groups, 75% did not develop pain symptoms,
and no patient required nutritional support.
The mean day for onset of oral mucositis was 4 – 1.8 days,
with duration of 2.3 – 2.6 days, and pain was reported for
0.9 – 1.9 days irrespective of the group to which the patient
belonged.
The Mann–Whitney test showed that there were statistically significant differences between the type of laser
(wavelength) with the number of days with pain ( p value =
0.033) and severity of mucositis ( p value = 0.046) (Fig. 2).
Discussion
Several studies have shown positive results with the use of
LLLT in reducing the incidence and severity of OM in patients undergoing anticancer treatment;1,11,14–20 however, the
exact mechanism of interaction of the laser with the tissue is
still not completely understood.
It is thought that there is a photobiological phenomenon
involving the conversion of the laser light energy input through
biochemical and photophysical processes. Photoreceptors
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FIG. 2.
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Boxplot: number of days with pain · wavelength.

absorb certain wavelengths, causing a cascade effect in the respiratory chain, which results in the production of energy to
fuel cell metabolic processes with increased cellular proliferation and protein synthesis, promoting tissue repair.21–25
Some studies have indicated that laser irradiation can reduce COX-226 and pro-inflammatory cytokine IL-1b27 expression, thereby decreasing the inflammatory response
leading to a reduction in neutrophil infiltrate.26
The laser therapy protocol used is based on the pathogenesis of mucositis, and the effects of laser phototherapy on
angiogenesis and control of oxidative stress are well known.
It is also well known that the epithelial damage caused by CT
and radiotherapy is preceded by endothelial vascular changes. Laser phototherapy has shown the potential to stimulate
angiogenesis, and this may help to heal ulcers, depending
upon their size. The appearance of mucositis has also been
associated with high levels of TNF-a and IL-13. Laser phototherapy appears to diminish the levels of TNF-a in sites
subjected to chronic stress. The initiating events of mucositis
are associated with ROS derived from the action of chemotherapy and radiotherapy, which cause damage to the DNA,
and the activation of transcription factors, among them nuclear factor-kappa B (NF-kB), which in turn generates the
activation of various cytokines (TNF-a, IL-1, and IL-6). Laser
phototherapy has been shown to have a blocking effect on
ROS and NF-kB activation.4,6,7,21,23
Moreover, the use of low laser therapy can influence
vascular endothelial growth factor production and, therefore, angiogenesis.28,29
Furthermore, laser helps to increase protein synthesis
within cells, increases cell proliferation and alterations in cell
cycle control and apoptosis,30 stimulates DNA synthesis in
myofibroblasts without degenerative changes, and could
transform fibroblasts into myofibroblasts.31 It induces collagen deposition with increased collagen orientation and
maturation, which has more stability and tensile
strength,8,20,32 which may promote and activate the epithelial
healing of the mucosa.
A number of clinical studies have reported the benefits of
LLLT, including lasers and LEDs, in preventing oral mucositis and reducing OM pain. It may be used alone, or com-

bined with drug treatment, because it provides pain relief,
comfort to the patient, control of inflammation, maintenance
of the mucosa integrity, and better tissue repair.14,15,25,26,33–38
Perhaps these mechanisms may explain the pain relief,
delay in the onset of ulcers, and reduction in the duration of
the lesions reported by Caballero et al.,1 which was confirmed in the present study with reduction in the average
duration of OM that occurred in both groups.
Barasch et al.11 applied LLLT at a wavelength of 632.8 nm,
25 mW and 1 J/cm2 energy density in patients who were
given a high dose of CT before hematopoietic stem cell
transplantation (HSCT) or chemoradiotherapy, and obtained
the effect of reducing the severity of OM. Sandoval et al.12
used 660 nm and reported immediate pain relief with 2 J/cm2
energy density. In our study, we applied 1 J/cm2 energy
density in the prophylactic group and 2 J/cm2 in the therapeutic group, obtaining similar results.
Although the pain data must be interpreted with some
caution, points can be made about the effects of prophylactic
laser therapy on OM pain. In this study, the reduction in pain
was greatest in subgroup A1, which received red light preventively (90%), thereby confirming the results of the clinical
evaluation. This would most probably seem to be the result
of the decrease in the severity of mucosal damage in the
660 nm laser group, and has been noted in other reports.35–37
Our results showed that the degree of mucositis in patients up to 8 years of age was significantly higher than that
observed among patients > 8 years, irrespective of the group
to which the patient belonged. These results seem to support
the theory that younger patients appear to be at greater risk
of CT-induced OM, because their epithelium has a higher
mitotic rate and more epidermal growth factor receptors.1,15
Nevertheless, the role of genetic polymorphisms in oral
toxicity risk is still unclear, and mechanistic gene-based risk
research for OM is still in its infancy.39
The difficulty of demonstrating the efficacy of laser in
oncologic patients with OM results from the variety of types
of disease and CT, and radiotherapy protocols.2 Furthermore, the parameters of LLLT reported in the studies vary
significantly with regard to types of laser sources, wavelengths, and energy densities.16
In an important meta-analysis, Bensadoun et al.25 demonstrated moderate-to-strong evidence in favor of clinically
relevant effects when LLLT is applied at optimal doses in
cancer therapy-induced OM, and recommends red or infrared LLLT with an output between 10 and 100 mW, with spot
size not exceeding 1 cm2; an energy density of 2–3 J/cm2,
resulting in an energy of 2–3 J for prophylaxis, and 4 J/cm2
resulting an energy of 4 J for a therapeutic effect; application
on a single spot rather than in scanning motion; and therapy
repeated daily or every other day, or a minimum of three
times per week until resolution is achieved.
In the present study, laser was used at wavelengths of
660 and 830 nm with an output of 100 mW, energy of 1 J,
resulting in an energy density of 35 J/cm2 for 10 sec in the
prophylactic group, and energy of 2 J, resulting in energy
density of 70 J/cm2 for 20 sec in the therapeutic group. We
used the same energies recommended by Bensadoun et al.,25
but because of the small spot size, the energy densities were
much higher than those used in their research.
The clinical evaluation revealed that LLLT was effective in
preventing or reducing the incidence of OM, with a
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significant difference detected by the end of the study. The
results suggest that laser phototherapy had a positive effect
on reducing mucositis severity in pediatric patients undergoing cancer treatment.
Conclusions
For children undergoing cancer treatment with HDMTX,
LLLT proved to be effective in the treatment and prevention
of OM. Prophylactic treatment was more effective than
treating after symptoms appeared. No significant difference
was found between 660 and 830 nm wavelengths.
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