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Background. Oral mucositis is a debilitating side

effect of chemotherapy. Laser therapy has recently

demonstrated efficacy in the management of oral

mucositis (OM).

Aim. This prospective study was conducted to

evaluate the efficacy of class IV laser therapy in

patients affected by OM.

Design. Eighteen onco-haematological paediatric

patients receiving chemotherapy and/or haemato-

poietic stem cell transplantation, prior to total

body irradiation, affected by OM, were enrolled in

this study. Patients were treated with class IV laser

therapy for four consecutive days; the assessment

of OM was performed through WHO Oral Mucosi-

tis Grading Objective Scale, and pain was evalu-

ated through visual analogue scale. Patients

completed a validated questionnaire, and photo-

graphs of lesions were taken during each session.

Patients were re-evaluated 11 days after the first

day of laser therapy.

Results. All patients demonstrated improvement

in pain sensation, and all mucositis was fully

resolved at the 11-day follow-up visit, with no

apparent side effects. Laser therapy was well toler-

ated with remarkable reduction in pain associated

with oral mucositis after 1–2 days of laser ther-

apy.

Conclusions. Given class IV laser therapy appears

to be safe, non-invasive, and potentially effective,

prospective, randomized, controlled trials are nec-

essary to further assess efficacy and to determine

optimal treatment parameters.

Introduction

Patients with cancer undergoing intensive

chemotherapy (CT) regimens experience

many side effects among which oral mucositis

(OM) is one of the most debilitating. Usually,

OM results in painful or hampered swallow-

ing, chewing, and speaking, and in more

severe cases, it can lead to unwanted hospita-

lization to allow enteral feeding1.

In paediatric patients, many undesirable

effects can be promoted by the onset of OM,

such as increased loss of baseline body

weight, higher probability of requiring fluid

replacement, higher probability of fever, and

ultimately risk of delays in chemotherapy.

Interestingly, in paediatric and adolescent

patients, no proportional correlation has been

evidenced between OM′ severity and entity of

side effects, as well as between overall OM

and number of possible side effects2.

Despite the frequency and impact of OM,

there is no consensus as to standard therapy

for this affection. Many palliative strategies

can be applied in patients suffering from

OM, such as topical anaesthetics, mucosal

coating agents, and cryotherapy. Treatment

with low-power laser therapy (LPLT) has

demonstrated efficacy both in reducing

symptoms3 and in preventing the onset of

OM in adult cancer patients4,5. There are,

however, no randomized controlled trials
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(RCT) in paediatric cancer patients with a

numerous sample.

Here, we present a pilot study, which aimed

at demonstrating the efficacy of class IV laser

therapy in the treatment for OM. The

reassuring results obtained allowed us to start

a multicentric, double-blind RCT in a haema-

tological paediatric population coming from

eight Italian paediatric hospitals.

The innovative protocol used, called ‘high-

power laser therapy’ (HPLT), employs high

power and high wavelength with several

advantages as compared to traditional

protocols.

Materials and methods

Eighteen paediatric haematology oncology

patients aged 10–17 (median age 13) that

developed ≥2 grade were enrolled in this clin-

ical trial from November 2011 through April

2013. All patients were receiving their cancer

therapy at the Pediatric Hemato-Oncology

Department at the Institute for Maternal and

Child Health – IRCCS ‘Burlo Garofolo’ (Via

dell’Istria, 65, 34137 Trieste), and the study

was conducted in collaboration with the Den-

tal Clinic Department, University of Trieste,

‘Ospedale Maggiore’ (Piazza Ospedale, 1,

34100, Trieste) between November 2011 and

April 2013, after obtaining ethical approval.

Twelve patients (67%) were males. Ten

patients (55.4%) were affected by acute lym-

phoblastic leukaemia (ALL), 4 patients

(22.2%) by non-Hodgkin lymphoma (NHL),

one patient (5.6%) by Ewing’s sarcoma, one

patient (5.6%) by acute myeloid leukaemia

(AML), one patient (5.6%) by aplastic anae-

mia, and one patient (5.6%) by osteosarcoma.

All patients underwent CT with various drugs

depending on their neoplasia, whereas six

patients had also been subdued to HSCT prior

to total body irradiation (TBI).

Patients could not have previously been

treated with laser therapy and had to be able

to open their mouth at least 20 mm. Patients

were enrolled in the study as soon as haema-

tologists asked a consultation with the oral

pathologists. For this reason, severity of OM

ranged from grade two to grade four, accord-

ing to the scale used for evaluation (WHO).

Treatments were provided using a K-Cube3

diode GaAlAs laser (class IV, series number

#00027 Treviso, Italy). The following HPLT

protocol was performed twice a day during

four consecutive days: 970 nm wavelength,

5W power, duty cycle 50%, 35–6000 Hz fre-

quency, 230 s duration, and 1 cm2 spot size.

Laser application was performed all over the

oral cavity, both in ulcerated and erythema-

tous areas and in free of clinical signs’ ones.

Defocused modality was preferred to focused

modality, and a rotatory motion was used all

over the oral cavity. On average, HPLT was

started 7.5 � 3.0 days after the end of CT

cycle. Patients and operators wore protective

glasses to prevent eye damage during HPLT.

Patients were seen 11 days after the begin-

ning of laser therapy for re-evaluation.

Oral mucositis was evaluated using the

WHO scale by an operator of the department

of oral medicine and pathology with at least

2 years of experience in the field. Presence

and severity of ulceration and/or erythema

were registered according to nine areas in the

oral cavity: upper lip, lower lip, right side of

tongue, left side of tongue, right cheek, left

cheek, hard palate, soft palate, and floor of

the mouth (Table 1). The same operator per-

formed assessment of pain through a linear

1–10 visual analogue scale (VAS).

A questionnaire about the onset and pro-

gression of OM was completed at each study

visit. Questions asked about sensation of

pain/alteration in swallowing, mucosal integ-

rity, saliva, and oral hygiene (Table 2). Photo-

graphs of affected areas were taken at each

session. This was a single-blind study. HPLT

Table 1. Ulcerations and erythema in oral cavity’s areas.

Area Ulcerations Erythema

Upper lip 0 1 2 3 0 1 2 3
Lower lip 0 1 2 3 0 1 2 3
Right cheek 0 1 2 3 0 1 2 3
Left cheek 0 1 2 3 0 1 2 3
Right side of tongue 0 1 2 3 0 1 2 3
Left side of tongue 0 1 2 3 0 1 2 3
Floor of the mouth 0 1 2 3 0 1 2 3
Soft palate 0 1 2 3 0 1 2 3
Hard palate 0 1 2 3 0 1 2 3

Ulcerations: 0 = none; 1 = <1 cm2; 2 = 1–3 cm2; 3 = >3 cm2.
Erythema: 0 = none; 1 = mild; 2 = moderate; 3 = severe.
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was performed by the same operator during

the 4-day protocol, in all patients. Evaluation

of OM was performed by another operator at

the end of laser sessions and after 11 days. In

addition, neutrophils’ count and white body

cells’ (WBC) count were recorded for each

patient on Days 1, 4, and 11 (Figs 1 and 2).

Statistical methods/analysis

Categorical variables are presented as absolute

frequencies and percentages; continuous data

as medians and interquartile ranges (IQR).

Differences between the evaluations carried

out at the different study times were

evaluated with the McNemar’s test for paired

categorical variable (i.e., difference in the

presence of ulceration between Day 1 and Day

11) and with the Wilcoxon non-parametric

tests for continuous variables (i.e., differences

in VAS between Day 1 and Day 4). A P value

<0.05 was considered statistically significant.

The data were analysed using SPSS for

Windows 11.0 (SPSS 2001; Chicago, IL, USA).

Results

CTC and VAS decreasing

At baseline, 61% of patients had WHO>2,
with consequent difficulties in oral feeding.

All patients showed a decrease in WHO from

Table 2. Personal assessment of oral mucositis(OM).

Voice Normal Deep/hoarse Difficulty in phonation/pain
when speaking

Swallowing Normal Mild pain Swallowing not possible
Lips Smooth, rosy, moist Dry and chapped Ulcerated, bleeding
Saliva aqueous Thick xerostomia
Tongue Rosy, moist, with papillae Plaques, absence of papillae,

with/without erythema
Vesicles, chapped

Mucose Rosy, moist Red, plaques without ulcerations Ulcerations with/without bleeding
Hygiene Rosy, moist Oedema with or without redness Spontaneous bleeding or after pressure
Teeth/prosthesis Cleaned Calculus, localised remains Calculus, generalised remains

Fig. 1. Evolution on Day 1, Day 4, and Day 11 of oral mucositis on the lower lip and right and left cheeks.

Fig. 2. Evolution on Day 1, Day 4, and Day 11 of oral mucositis on the floor of the mouth and lower lip and right and left

cheeks.
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a median of 3 (IQR 2–3.25) at Day 1 to a

median of 2 (IQR 1–2) after 4 days of HPLT

(P = 0.001), up to a complete healing (med-

ian WHO = 0, IQR = 0–1) at follow-up recall

(Day 11, P < 0.001). Statistically significant

decrease in WHO was already noticeable on

Day 3 (P < 0.05) (Fig. 3).

At baseline, 61% of patients had a VAS≥ 5. A

remarkable decreasing in median VAS scores

was registered in all patients from Day 1 to Day

4: 5 (IQR 4–7) vs 2 (IQR 1–3), respectively

(P < 0.001). Complete regression of VAS was

registered on Day 11 in all patients (P < 0.001

versus median VAS evaluated at Day 1). To

note, a noteworthy reduction in pain was

already evident 1 day after the beginning of

HPLT (4, IQR 3–6, P = 0.05) (Fig. 3).

Nine patients (50%) complained about a

transient sensation of burning after laser ther-

apy. Burning sensation used to start immedi-

ately after the end of laser therapy and to

disappear in <1 h. It was generalized all over

the oral cavity and was not associated with

visible mucosal alterations.

Personal assessment of OM

As regards personal assessment of OM, a sig-

nificant improvement was registered between

Day 4 and Day 11 for swallowing difficulties,

lesions of tongue, lips and cheek (Table 3).

For example, 60% of patients referred diffi-

culties in swallowing on Day 4, whereas only

20% had the same complaint on Day 11

(P = 0.02). Despite no significant differences

were found for alteration of saliva or capacity

of performing oral hygiene, 27% of patients

complained about dry/thick saliva on Day 4

and 0% on Day 11, as well as 40% of

patients had difficulties in performing oral

hygiene on Day 4 and 13% on Day 11.

Ulcerations and erythema

According to area of ulcerations, the complete

regression of lesions was evidenced in all

patients in all examined areas, except for

right cheek and left side of tongue.

Differences between Day 1 and Day 11 were

statistically significant for lower lip and right

and left cheek (Table 4).

According to site of erythema, a significant

healing was obtained on Day 11 on right and

left cheek. Anyway, the majority of patients

experienced a great improvement or disap-

pearance of erythema in all examined areas

on Day 11 (Table 4).

Neutrophils and WBC count

Table 5 shows results regarding neutrophils/

WBC counts on Days 1, 4, and 11, expressed
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Fig. 3. CTC score and Visual analogue scaleVAS score

progression between days 1 and 11.

Table 3. Personal assessment of oral mucositis before and
after laser therapy.

Variable
Alteration day 4
(% patients)

Alteration day 11
(% patients) P*

Swallowing 60 20 0.02
Lips 47 27 0.02
Saliva 27 0 NS
Tongue 40 20 0.03
Mucosa 93 0 0.001
Oral hygiene 40 13 NS

Diff., significance of the differences between the groups; NS,
difference not statistically significant; bold values state statistical
significance.
*McNemar’s test.

4 M. Chermetz et al.

© 2013 BSPD, IAPD and John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



as median and IQR, and differences between

each couple of time points (Table 5).

Discussion

This prospective study was conducted to eval-

uate the efficacy of class IV laser therapy in

18 onco-haematological patients affected by

OM.

The standard treatment for the most com-

mon haematological neoplasia in paediatric

patients such as ALL, NHL, and solid tumours

in general is CT with or without bone mar-

row transplant preceded by TBI. In the major-

ity of cases, these treatments are associated

with local and systemic complications.

Certainly, one of the most debilitating side

effects of CT is OM6, which occurs in more

than 55% of children and adolescents suffer-

ing from ALL or lymphomas undergoing CT7.

In general, OM begins 2–12 days after CT,

and in an onco-haematological patient sub-

jected to a high-dose CT, it can become very

severe around 7–14 days after the beginning

of therapy8. The average duration of oral

lesions is 2–3 weeks, but it can last more in

patients with severe neutropenia9,10.

The pathogenesis of OM is divided into five

stages, mediated by cytokines. In the first

phase, antineoplastic agents provoke a direct

damage to cellular DNA. In the following

stages, the amplification of the transcription

factors and the generation of signals induce a

reduction in the cellular turnover with pro-

motion of apoptosis and tissue damage.

Despite the tissue integrity is still maintained

in this phase, biological alterations can cause

severe pain. This explains why clinical

appearance of lesions is not always propor-

tional to referred sensation of pain. Subse-

quently, 7–10 days after CT the ulcerative

stage begins, and during this stage, there is a

very high risk of bacterial or fungal superin-

fections. The healing phase is characterized

by angiogenesis and cell proliferation11. In

the present study, patients were treated

through HPLT with OM of different grades

regardless the dimensions of lesions, on aver-

age 7.5 � 3 days after the end of CT. This is

in accordance with the mean peak severity

described in the literature7.

Actually, there are many strategies to cure

OM. They include topical palliative treatments,

such as oral rinse solutions based on E vitamin

Table 4. Ulcerations and erythema before and after laser therapy: number of patients (%) presenting ulcerations or
erythema in specific areas of oral cavity.

Site
Ulc day
1(%)

Ulc day
11(%) P*

Ery day
1(%)

Ery day
11(%) P*

Upper lip 27 0 NS 20 7 NS
Lower lip 40 0 0.03 53 0 NS
Right cheek 67 7 0.04 73 13 0.002
Left cheek 67 0 0.02 73 13 0.002
Right side of tongue 33 0 NS 40 13 NS
Left side of tongue 33 7 NS 33 20 NS
Floor of the mouth 33 0 NS 27 13 NS
Soft palate 13 0 NS 7 0 NS
Hard palate 20 0 NS 20 0 NS

Ulc, ulceration; Ery, erythema; Day 1 = first day of laser therapy; Day 11 = follow-up recall.
Diff., significance of the differences between the groups; NS, difference not statistically significant; bold values state statistical significance.
*McNemar’s test.

Table 5. Neutrophils and white body cells’ counts at different time points, presented as medians and interquartile ranges.

Neutr_day 1 Neutr_day 4 Neutr_day 11 Diff * day 1 vs day 4 Diff * day 4 vs day 11 Diff * day 1 vs day 11

50 (0–1625) 350 (0–2000) 1750 (500–3825) NS P < 0.01 P < 0.01
WBC_day 1 WBC_day 4 WBC_day 11 Diff * day 1 vs day 4 Diff * day 4 vs day 11 Diff * day 1 vs day 11
630 (88–2563) 1430 (85–3285) 2975 (1725–5568) NS P < 0.01 P < 0.001

neutr, neutrophils; WBC, white body cells; Diff., significance of the differences between time points.
* Wilcoxon. NS, difference not statistically significant.
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and aloe vera, cryotherapy, lidocaine or mor-

phine-based rinse, and systemic treatments,

such as administration of indomethacin, gluta-

mine, or cytokines (granulocyte-macrophage

colony stimulating factor)12–14. Anyway,

approach to curative treatment is still not well

established. Recently, laser therapy has proved

successful in the prevention and treatment for

CT-induced OM15. Laser light works through

biostimulation: giving energy to mitochondria,

photons are converted into adenosine tripho-

sphate thus increasing DNA and RNA synthesis

and cellular metabolism providing a reduction

in symptoms and of the average healing

time16. Laser light also stimulates vascular

endothelial growth factor gene expression and

neo-angiogenesis, collagen, serotonin, and cor-

tisol production. All these effects accelerate

healing time, cause reduction in pain and

inflammation17,18. The efficacy of laser biosti-

mulation in the treatment for OM is described

in the literature in paediatric patients undergo-

ing CT19,20, but there is only one RCT about

low-power laser therapy (LPLT) in paediatrics

with a small number of patients, and no such

studies have been conducted in Italy21. More-

over, the literature is conflicting with regard to

laser devices and laser protocols that can be

employed.

In the present study, high wavelength

(970 nm) and high power (5 W, pulsed 50%)

through a class IV laser device have been

employed. According to the literature, analge-

sic and anti-inflammatory effects are obtained

with wavelengths between 600 and

1000 nm22, whereas biostimulatory effects of

LPLT are obtained with less powerful proto-

cols (<1W)23. High power has been used to

provide a faster healing of lesions, as proved

in previous works about inflammatory condi-

tions24,25. Moreover, according to recent pub-

lication by Ottaviani et al., HPLT induces

better healing, reduced inflammation, and

limited thermal damage along with main-

tained tissue integrity, as compared to tradi-

tional LPLT26. Anyway, this is the first study

that experiments the use of a class IV laser

device in paediatric patients affected by OM.

Class IV laser protocols are associated with

several advantages. First of all, providing high

power to tissues, a great amount of energy can

be provided in a limited amount of time, which

also copes with the necessity of being fast with

paediatric patients that are not always compli-

ant. Secondly, the effective amount of energy

that reaches tissues after dispersion of it is

higher. In fact, thanks to the characteristics of

our device, a narrow divergence allows mini-

mum dispersion of energy, even if irradiation

is not perfectly orthogonal.

Also, a defocused mode was used. This

means that a pre-determined amount of

energy was given to the whole oral cavity for

three different reasons: (i) both the preven-

tive and the therapeutical strategies options

were employed at the same time; (ii) the

technique was less operator dependent; (iii)

distal areas in the oral cavity (e.g., soft palate)

could be reached although not orthogonally.

Unfortunately, OM is associated with pain-

ful complications such as difficulty in swal-

lowing, chewing and phonation, as well as to

superinfections and sepsis27. In the present

study, the majority of patients (61%) suffered

from difficulties in oral feeding and from pain

due to the presence of ulcerations and ery-

thema as well as from moderate to severe

pain. All patients experienced a statistically

significant decrease in pain sensation the day

after the first laser application, both in case of

high WHO values and in less severe OMs. On

Day 11, complete healing and regression of

pain were obtained (Fig. 3).

The transient sensation of burning referred

by half of the patients was described as well

tolerated and bearable thus we can affirm

that class IV laser therapy was associated with

no apparent side effects following the present

protocol.

In the present study, all patients perceived

a great improvement in all lesions and func-

tional capacity (Table 3). This can be attrib-

uted to the anti-inflammatory effect provided

by HPLT and by associated reduction in pain

due to antalgic function. Alteration of saliva

(described as ‘dense and abundant’ or as

‘missing’) was not statistically significantly

influenced by HPLT. Anyway, this can be

attributed to the small sample.

As regards improvement in oral hygiene per-

forming, no significant differences between

Days 1 and 11 were showed, but more than a

6 M. Chermetz et al.
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half patients referred an improvement in per-

forming mouth cleaning. Considering the fact

that the maintenance of a good oral status

is associated with less frequent and less

severe OMs, we believe that this result is with-

standing28.

Several risk factors related to the host

organism such as age, gender, nutritional

status, type of disease, xerostomia, previous

damage to the oral cavity, poor oral hygiene,

and genetic pre-disposition influence the

development and severity of OM29.

Particularly, toxic CT agents used to treat

lymphomas and ALL are drugs acting at

S-phase, such as methotrexate and cyclo-

phosphamide30. The combination of these

factors may trigger OM in any part of the

oral cavity and oropharynx, although the

most affected areas are floor of the mouth,

buccal mucosa, and sides of tongue, due to

the absence of keratinic coat. In the present

study, ulcerations and erythema were

reported in all examined areas (Table 4). The

non-significant differences showed in some

areas can be motivated by the reduced num-

ber of patients enrolled and by the reporting

of a few ulcerations/areas of erythema for

each area of the oral cavity. Undoubtedly,

looking at percentages in Table 4, it is clear

that HPLT has played an active and benefi-

cial role in reducing/healing ulcerations/ery-

thema in all sites examined. Probably, a

larger sample would have reached the cut-

off levels of significance. Consequently, laser

therapy can be considered a valuable treat-

ment strategy in all areas of oral cavity.

Once again, this is in favour of the use of

defocused mode and to employment of high

amounts of energy.

Despite the present study shows encourag-

ing results and is quite innovative, it

undoubtedly has some limitations. First of all,

it lacks of a control group; therefore, we

cannot exclude the spontaneous improve-

ment in lesions. Anyway, the literature shows

spontaneous healing of CT-related OM in

about 2–3 weeks, which is much longer than

what we have evidenced in the present

study8,9. Moreover, the possible role of

neutropenia has to be hypothesized among

factors influencing the spontaneous healing

of OM. For this reason, we have evaluated

patients’ neutrophils/WBC count at each time

point and gathered that although statistical

significance was found between Day 1 and

Day 11, as well as between Day 4 and Day

11, counts did not vary significantly between

Days 1 and 4 (Table 5). This is in favour of

the efficacy of laser therapy. Secondly, it

would have been ideal to start HPLT on the

exact day of OM’s onset. This was not

possible because patients were from different

cities, sometimes far from Trieste, and were

only referred to the oral pathologist when

OM had become unbearable. Anyway, all

patients were treated within 7.5 � 3 days

after the end of CT, which usually

corresponds to the period of peak severity.

Moreover, this is the first study about the use

of HPLT in paediatric patients affected by OM,

so further studies will be necessary to confirm

our hypothesis. To mention, we have decided

to evaluate the efficacy and safety of HPLT in

a small sample of patients before starting a

multicentric double-blind RCT that has

currently been started in eight onco-haema-

tology department all over Italy.

Conclusions

CT-related OM can affect patients’ feeding

capacity and impoverish their life quality. In

fact, it is considered the most debilitating side

effect of CT. The great evidence provided in

the literature of the efficacy of laser therapy

in the treatment for OM, in association with

the characteristics of such therapy – easiness,

atraumaticity, and safety – allow you to con-

sider laser therapy an effective approach to

curative treatment. Although the present

study enrolled a reduced number of patients,

to our knowledge, no studies have ever

considered a larger sample in a paediatric

population before. Moreover, the great results

obtained both in objective healing of OM and

above all in reduction in pain pave the way

to account HPLT as a possible standard treat-

ment for CT-induced OM.

The striking importance of laser therapy lies

not only in its efficacy in healing lesions, but

above all in the possibility of eliminating pain

and reducing complications related to OM also

Class IV laser therapy and oral mucositis in paediatrics 7
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accompanied by the great advantages provided

by its safety and easiness. The absence of side

effects and the wide variety of beneficial effects

of therapy – biostimulation, antiinflammation,

antimicrobic, and antalgic – strongly encour-

age to consider HPLT part of everyday practise

in the management of oncological paediatric

patients affected by OM.

Why this paper is relevant

• M represents painful side effects of cancer therapy that

can interfere with therapy schedule and effectiveness.

Nowadays, no recommendations over a standard treat-

ment have been provided;

• The present paper describes a safe, non-invasive, and

predictable technique to manage OM;

• The therapy described is beneficial not only in reduc-

ing the dimension of lesions but also above all in

relieving pain.
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