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Abstract: The aim of the study was to observe the effectiveness of a photo-biomodulation (PBM)
protocol for the prevention of oral mucositis (OM) in patients undergoing allogeneic hematopoietic
stem cell transplantation (aHSCT). A case-control study was conducted on 40 patients undergoing
aHSCT. The patients were divided into two groups; the preventive group (PG) included 20 patients
(7 females and 13 males) who were subjected to intra-oral PBM for five sessions a week, starting one
day before the conditioning regimen and continuing until the 10th day after transplantation (D+10).
In each session, ten points on the at-risk mucosal surfaces were irradiated using a double diode
laser that emits two wavelengths simultaneously at 650 nm and at 904-910 nm with the following
parameters at each point: energy of 4 J, and power of 88.9 mW. The control group (CG) included
20 patients (10 females and 10 males) who were not subjected to laser therapy and were selected
retrospectively to compare the obtained results. For all patients, OM was assessed by the World
Health Organization (WHO) grading scale. Eight patients in the PG did not experience OM during
their hospitalization period (with grade 0). Severe OM was observed in 40% of the patients in the
PG, while in the CG, severe OM was shown in 85% of the patients. The mean duration of OM in the
PG was significantly lower than that of CG (4.7 days in the PG and 15 days in the CG) (p < 0.001).
The study demonstrated that the preventive PBM protocol reduced the severity and duration of OM
in patients undergoing aHSCT.

Keywords: allogeneic hematopoietic stem cell transplantation; chemotherapy; conditioning regimen;
diode laser; oral mucositis; photo-biomodulation

1. Introduction

Allogeneic hematopoietic stem cell transplantation (aHSCT) is the standard of care for several
congenital and acquired disorders of the hematopoietic system. Patients undergoing aHSCT can
develop various complications related to transplantation itself (e.g., the conditioning regimen,
delayed regeneration of hematopoiesis), a hindered immune response, or treatment toxicity.
The gastrointestinal (GI) tract is one of the systems most affected by HSCT complications, especially the
oral cavity.
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Advancements in infection control protocols, pain management modalities and reducing the
intensity of conditioning regimens pre-aHSCT have minimized these complications. However,
oral mucositis (OM) has remained the most persistent debilitating and challenging complication
of HSCT [1,2].

OM in patients undergoing aHSCT has a high incidence and a wide range of effects in 75% to
99% of cases. This wide variation is probably due to the presence of different pre-transplant condition
regimens, the presence of patients-related risk factors, the lack of standardized scoring criteria, and the
presence of many complications to cancer therapy that may result in underreporting OM [3-5].

OM is acute inflammation and ulcerative lesions of the oral mucosa, and it is usually caused
by cancer therapy [2,6]. The pathophysiology of OM is a complex biological process that can be
described in five phases: the initiation, upregulation and/or activation, damage amplification phase,
mucosal ulceration, and the healing phase. Proinflammatory cytokines and pathways, reactive oxygen
species, and the metabolic byproducts of oral bacteria have been associated with the pathogenesis and
aggravation of OM [3,4,7,8].

OM manifests as erythema and/or ulcerations conjugated with pain and difficulty eating, drinking,
and talking. Severe OM may have critical clinical sequences, such as hindering normal nutrition,
which leads to the need for parenteral nutrition, an increase in the incidence of secondary infections,
an increase in systemic analgesic intake, interruption of cancer therapy, and prolongation of hospital
stay. These consequences may have a negative impact on the patients’ quality of life and cancer
prognosis [4,6,9].

Therefore, several interventions and agents have been studied and proposed for the prevention or
treatment of OM [10-14]. Several organizations, such as the American Society of Clinical Oncology
(ASCO), the Multinational Association of Supportive Care in Cancer (MASCC), and the National
Comprehensive Care Network (NCCN) have evaluated these interventions by carrying out systematic
reviews to prepare an evidence-based guideline [15-18].

Photo-biomodulation (PBM) is one of these evaluated interventions. PBM is the application
of light at low power to utilize the effect of light energy on living cells for therapeutic purposes.
The absorbed light energy triggers several pathways that eventually result in anti-inflammatory,
analgesic, and biomodulatory effects [19-21].

Many studies have demonstrated the beneficial effect of PBM on the management of OM [22-24].
In 2014, the MASCC and the International Society of Oral Oncology (ISOO) published an updated
clinical practice outline, recommending PBM as a method of preventing OM in patients undergoing
HSCT, with or without total body irradiation (TBI), with a level of evidence II [15]. In addition,
recent systematic reviews have demonstrated the effectiveness of prophylactic PBM in reducing the
severity and duration of OM [25-29].

However, heterogeneity in the basic parameters and schedules for PBM application has been
observed among previous studies [24-28]. It is difficult to define an optimal PBM protocol if the precise
role and contribution of each parameter of PBM and the complexity of the light-tissue interactions
are not fully understood [25]. It is believed that further studies that include detailed reporting of the
parameters and a better understanding of the role of these variables are required to identify the optimal
characteristics of PBM for the management of OM [25]. This study aimed to observe the effectiveness
of a PBM protocol as a preventive modality for OM in patients undergoing a conditioning regimen for
aHSCT by evaluating the impact of PBM on OM severity, duration, and pattern.

2. Materials and Methods

A case-control study was carried out in patients undergoing aHSCT in the Department of
Cellular Biotechnologies and Hematology at Sapienza University of Rome with the cooperation of the
Department of Oral Sciences and Maxillofacial Surgery at Sapienza University of Rome. The study is
part of a project called “MoMax” (Oral Medicine and Maxillofacial Surgeons), a task force designed to
provide cancer patients and high-risk patients with multidisciplinary team care, through cooperation
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between different health providers. All subjects gave their informed consent for inclusion in the
study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Local Ethical Committee of Sapienza University of Rome (Prot. N.264, 13 March 2017).

All patients receiving conditioning regimens for aHSCT in the age range of 6 to 80 years, were
considered eligible in the study. Uncooperative patients, patients with systemic diseases that hinder
wound healing (e.g., uncontrolled diabetes mellitus, etc.), patients with an oxygen mask, or orogastric
catheters that might hinder the PBM application, and patients with suspicious lesions within the oral
cavity were excluded from the study.

A total of 40 patients (17 females and 23 males) with a median age of 46 years, were included in the
study. Twenty-three patients received HSCT from a matched unrelated donor (MUD) and 17 patients
received HSCT from a matched related donor (MRD). The patient characteristics of both groups are
presented in Table 1.

Table 1. Clinical characteristics and patients preview.

Characteristics Preventive Group (PG) Control Group (CG)
Mean age (range) 46.5 (7-66) 45.6 (19-65)
Gender n (0/0) n (0/0)
Male 13 (65) 10 (50)
Female 7 (35) 10 (50)
Type of aHSCT
Matched Unrelated Donor (MUD) 14 (70) 9 (45)
Matched Related Donor (MRD) 6 (30) 11 (55)
Underlying Pathology
Acute Lymphocytic Leukemia 3 (15) 4 (20)
Acute Myelogenous Leukemia (AML) 3 (15) 7 (35)
Myelofibrosis 3(15) 3(15)
Myelodisplastic Syndrome 3(15) 1(5)
Chronic Myelogenous Leukemia 2 (10) -
Non-Hodgkin’s Lymphoma - 2 (10)
Multiple Myeloma 1(5) -
Myeloid Sarcoma (MS) 1(5) -
Mixed Phenotype Acute Leukemia 1(5) -

Chronic Lymphocytic Leukemia 1(5)
T-cell prolymphocytic leukemia - 1(5)
Aplastic Anemia - 1(5)
MS and AML 1(5) -
Others 2 (10) -
aHSCT Conditioning Regimen

Thio, BUS, FLU, Meth 14 (70) 11 (55)
Thio, BUS, FLU, Cyclo 4 (20) 5 (25)
TBI, Thio, FLU, Meth 1(5) -
Thio, FLU, and Meth 1(5) -
Treo, FLU - 1(5)
Rituximab, Cyclo, Thio, Cyclosporine - 1(5)
Cyclo, Meth - 1(5)
Cyclosporine, Thio, FLU, Cyclo - 1(5)

Thiotepa (Thio); Busulphan (BUS); Fludarabine (FLU); Methotrexate (Meth); Total Body Irradiation (TBI);
Treosulfan (Treo); Cyclophosphamide (Cyclo).

This case-control study analyzed two groups of patients:
The preventive group (PG): 20 patients (7 females and 13 males) were recruited prospectively and
were subjected to intra-oral PBM for prevention purposes.
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The retrospective control group (CG): 20 patients (10 females and 10 males) receiving aHSCT
between December 2014 and October 2016, and not subjected to PBM were selected retrospectively
to compare the obtained results. The aim of the study was to compare OM incidence and severity
between the two groups.

2.1. Routine Oral Care

Prior to the start of the conditioning regimen, all patients received a comprehensive oral
examination with panoramic radiographs. The aim of the oral examination was to optimize, treat,
and eliminate all the potential sources of oral infection that might compromise the transplantation
procedures. Patient education about the possible oral collateral effects due to the conditioning regimen
and HSCT was provided. All patients were instructed about standardized basic oral hygiene practices
during the transplantation procedures including teeth brushing 2 times daily, using soft brushes
with mild toothpaste, and avoiding the use of toothpicks or dental floss. All preventive procedures
were performed by the same oral surgeon at the Department of Oral Sciences and Maxillofacial
Surgery at Sapienza University of Rome. A mixture of saline and sodium bicarbonate was prescribed
as a mouthwash for all of the patients. In case of oral discomfort, a dentist was consulted during
the hospitalization.

2.2. PBM Parameters

The patients in the PG were subjected to five sessions of intra-oral PBM per week (Monday to
Friday), which started one day before the conditioning regimen, and continued until the 10th day after
transplantation (D+10). The laser device that was used was a double diode laser (Lumix2® ; FISIOLINE,
Verduno, Cuneo, Italy), which emits two wavelengths simultaneously at 650 nm and at 904-910 nm.
The technical features of this device are as follows: the visible red source (650 nm) is operated in
continuous mode (CW) with an average output power (at the source) of 100 mW. The infrared GaAs
source can be operated in pulsed and super-pulsed emission mode with peak power at aperture 45 W,
and a pulse duration of 200 ns.

Before starting each PBM session, the device was cleaned and the hand-piece was covered with a
plastic wrap (to avoid direct contact with patients). Appropriate safety glasses were used by both the
operator and the patient. All the PBM sessions were performed by the same laser operator to avoid
intraoperative bio-stimulation variations.

Ten points on the at-risk mucosal surfaces were irradiated in each session, including buccal
mucosa, tip, ventral and marginal surface of the tongue, floor of the mouth, soft palate, and inner
surfaces of the lip.

The laser device was programmed manually and the 650 nm wavelength was switched off.
The only used wavelengths were the 904-910 nm and the laser light guide red 650 nm (for real
visualization of the infrared beam application area). The laser was applied point by point in a
defocused (non-contact) mode at a distance of ~1 cm from the mucosal tissues. The parameters
that were used for each point were as follows: energy of 4 J, power of 88.9 mW, fluence of 8 J/em?,
frequency of 13 kHz, and application time of 45 s. The beam diameter was 8 mm, which is usually
obtained when the handpiece lens is away from the targeted tissue of about 1 cm, and the calculated
point area was ~0.5 cm?. The total energy per session was 40 J. Before the start of each session, a laser
output test was performed by an optical sensor integrated into the device. The PBM parameters are
reported in Table 2 as it is recommended in the literature to provide them in table [30].

In case of the development of OM, the laser sessions continued (5 sessions per week) until the
complete resolution of OM, even after the 10th day after transplantation (D+10). The laser was applied
(point by point) to cover all the ulcerated areas in a defocused (non-contact) mode at a distance of
~1 cm from the mucosal tissues with the following parameters per point: energy of 6 J, power of
90.9 mW, fluence of 12 J/cm?, frequency of 13 kHz, application time of 66 s, beam diameter of 8 mm,
and point area of ~0.5 cm?.
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Table 2. Irradiation and photo-biomodulation parameters.

Manufacturer FISIOLINE

Model identifier Lumix2® (Double diode laser)

Number and type of emitters Two wavelengths, visible GaAs and infrared GaAs
Wavelength and bandwidth 650 nm, and 904-910 nm

For visible 650 nm: continuous mode and for

Pulse mode 904-910 nm: 13 kHz

Beam spot size at target ~0.5 cm?

Exposure duration 45 s per point

10 points intraorally including buccal mucosa, tip,
Number of points irradiated ventral and marginal surface of the tongue, floor of
the mouth, soft palate, and inner surfaces of the lip.

Area irradiated ~5 ecm?
Application technique Point by point in a defocused mode
Total irradiation energy per session 40]

5 sessions per week (Monday to Friday) starting one
Number and frequency of treatment sessions day before the conditioning regimen and continued
till the 10th day after transplantation (D+10)

2.3. Assessment of OM

For the PG, the oral examination and OM evaluation were performed for all patients before the
start of each session by the same oral medicine clinical personnel. A custom-made clinical chart was
used to register all patients’ findings including OM grade, pain score, and the site of the OM. The OM
evaluation was performed five times a week (Monday to Friday) from one day before the conditioning
regimen until the 10th day after transplantation (D+10) or continued until the complete resolution
of OM.

The evaluation of the OM grade was performed using the World Health Organization (WHO)
grading scale. Grade 0 was considered in case of the absence of signs and symptoms; grade I, in case of
the presence of localized or diffused erythema; grade II, in case of the presence of ulcers that did not
hinder eating solid food; grade III, in case of the presence of ulcers that hindered eating solid food
but the patient was able to swallow liquids; and grade IV, in case where the ulcers impair eating or
swallowing liquids [31]. The assessment of pain was performed using the Numeric Rating Scale (NRS).

For the retrospective CG, OM evaluation was provided as part of routine patient care at the
Haematology Department, using the WHO grading scale on a daily base. The OM site and grade
were collected from the Department database and registered using the same schedule as the PG
(i.e., 5 days a week starting from one day before the start of the conditioning regimen until the complete
OM resolution).

The total duration of OM and the duration of each grade were calculated for both groups.
The maximum OM score was recorded. To evaluate the impact of PBM on the severity of OM,
patients with maximum OM grade <I were grouped and called “non-ulcerative OM”, and patients
with maximum OM grade >II were grouped and called “ulcerative OM”.

To evaluate the impact of PBM on the incidence of OM, patients were grouped into two groups
with the first group, called “no OM”, including patients with grade 0 as a maximum score of OM and
the second group, called “with OM”, including patients with >grade I OM.

To evaluate the impact of PBM on the OM pattern and course, OM grades were registered for all
the patients at six evaluation time points (Monday to Friday). The evaluation time points (E) were fixed
to better compare analyzed patients: EO was the day of transplantation (D0); E1 was the OM value
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during D+1 to D+3, E2 was the OM value during D+4 to D+6, E3 was the OM value during D+7 to
D+9, E4 was the OM value during D+10 to D+12, and E5 was the OM value during D+13 to D+15 [1].

2.4. Statistical Analysis

All results were databased in Excel sheet using Microsoft® Excel for Mac version 16.30.
The statistical analyses were performed using SPSS software (Statistical Package for the Social
Sciences) for Windows, release 20.0. The level of significance was set at p < 0.05.

The relationship between age and the set of considered variables was assessed, including the
maximum score of OM, the total duration of OM, the duration of each OM grade, and the OM score
at each evaluation time points; bivariate correlations were performed using the Spearman’s rank
correlation. This correlation coefficient was chosen because the distribution of the various variables
scores did not respect the assumptions of normality as indicated by the skewness and kurtosis, and the
Shapiro test.

The Mann-Whitney test was used to compare the set of variables with the type of transplant
(MUD vs. MRD) and gender (female vs. male).

Chi-square tests (with Fisher’s exact test or Montecarlo test) and student’s t-test were conducted
to evaluate whether both groups (PG and retrospective CG) had the same baseline characteristics.

The Mann-Whitney test was used to compare PG and CG patients based on the same set of
variables. Fisher’s exact test was used to assess and compare the incidence (no OM vs. with OM) and
severity of OM (non-ulcerative OM vs. ulcerative OM) between both groups (PG vs. CG).

3. Results

There were no significant differences between the PG and CG with regard to age, gender,
underlying pathology, type of aHSCT, and aHSCT conditioning regimen.

The mean duration of the PBM performed in the PG was 21 days. The average number of PBM
sessions performed was 16. In the PG, the incidence of OM was 60% (12 cases) with a maximum OM
grade of II. Four of them (20%) suffered from OM grade I (general erythema) with a mean duration of
2.15 days. The rest (40%) suffered from grade II (ulcerative stage) with a mean duration of 2.2 days.
The mean starting time of OM was D+7 (7th day post-transplantation). The mean duration of OM was
4.7 days. No cases experienced OM grades III and/or IV. Eight cases (40%) experienced a maximum
OM grade of 0. The maximum registered NRS pain value was 8 (with a mean of ~2).

The incidence of OM was 100% (20 patients) in the CG. The mean duration of OM was 15 days.
The maximum OM grade was grade IV in 2 cases (10%) with a mean duration of 0.6 days. Eleven patients
(55%) showed grade II as a maximum grade of OM. Only 3 patients (15%), experienced a maximum
OM grade of I, with a mean duration of 6.3 days. The development of OM was observed at D+6
(6th day post-transplantation) (Figures 1 and 2).

In both groups, the most frequent sites of OM were the tongue with 21 patients (52.5%) and the
floor of the mouth with 10 patients (25%).

In the PG, a significant difference was observed between the type of transplantation and the total
duration of OM (p = 0.036), and the duration of OM grade I (p = 0.034). Patients who received aHSCT
from an MRD, showed a longer total duration of OM (MRD = 8.50 + 4.85 days; MUD = 3.07 + 4.32 days)
and demonstrated a longer duration of OM grade I (MRD = 4.17 + 2.93 days; MUD = 1.29 + 2.37 days).
In the CG, no significant correlation was observed between the set of variables and age, gender,
and type of transplantation.

Several variables were used to compare the groups (PG vs. CG), and statistical significance was
observed for the maximum grade of OM, the total duration of OM, duration of grade 0, grade I, grade I
and grade III, and OM scores at evaluation time points E1, E2, E4, and E5 (p < 0.05) (Table 3) (Figure 3).



Appl. Sci. 2020, 10, 7479

Duration (Days)

Number of patients

12 - m Preventive Group (PG)

10 + Control Group (CGQG)

8 8
8-

6.

4 4
41 3
2
2 -
0 0 0

0 - L L 1 L :

Grade 0 Grade I Grade 11 Grade III Grade IV

Oral Mucositis Grade (WHO)

Figure 1. Distribution of cases according to the maximum oral mucositis grade.

20

15

10

B Preventive Group (PG)
Control Group (CG)

Grade 0 Grade | Grade |1 Grade 111 Grade IV

Oral Mucositis Grade (WHO)

7 of 13

Figure 2. Mean duration of each oral mucositis grade in both the preventive group and the control group.

Mean Oral Mucositis Grade

=8—"Preventive Group (PG)

=8— Control Group (CG)

EO El E2 E3 E4 ES

Evaluation time points (E)

Figure 3. Mean oral mucositis score at the evaluation time points (E).



Appl. Sci. 2020, 10, 7479 80f 13

Table 3. Comparison between groups (preventive group vs. control group).

. Preventive Group Control Group
Variables (PG)Median + SD (CG)Median + SD p-Value

Age 46.5 + 14.43 45.55 + 16.01 0.914
Max grade of oral mucositis 1.00 + 0.92 2.25 +0.85 <0.001 *
Duration of oral mucositis of:

Grade 0 17.30 + 3.03 11.00 +5.20 <0.001 *

Grade I 2.15+2.81 6.30 = 3.42 <0.001 *

Grade II 220 £2.97 5.70 £ 6.16 0.025 *

Grade IIT 0.00 = 0.00 2.0+4.36 0.009 *

Grade IV 0.00 = 0.00 0.55+1.76 0.152
Total duration of oral mucositis 4.70 = 5.05 15.00 + 8.83 <0.001 *
Mean oral mucositis score at
Evaluation time points (E):

EO 0.05 +0.22 0.15 £ 0.37 0.298

E1l 0.05 +0.22 0.55 + 0.83 0.008 *

E2 0.56 + 0.68 1.25 +1.12 0.005 *

E3 0.95 + 0.94 1.35+1.14 0.307

E4 0.45 + 0.69 1.25 +1.21 0.022 *

E5 0.00 = 0.00 1.05 + 0.94 <0.001 *

*p < 0.05.

The severity of OM was observed to be significantly different between the 2 groups (PG vs. CG)
(X% = 8424; p =0.003): 12 patients (60%) in the PG showed a non-ulcerative or only erythema (grade < 1).
The incidence of OM showed a significant reduction in patients treated by PBM (x? = 10,000; p = 0.002):
8 patients (40%) in the PG did not show OM (grade 0) during the total duration of therapy. In contrast,
all patients in the CG showed OM (grade > 0) (Table 4).

Table 4. Comparison between groups for the incidence and severity of oral mucositis.

. Preventive Group Control Group 2
Variables (PG) (CG) X p-Value

Severity of Oral Mucositis (OM)

Non-ulcerative OM (< Grade I) 12 3 8424  0.003 *

Ulcerative OM (> Grade II) 8 17
Incidence of OM

No OM (Grade 0) 8 0 10,000 0.002 *

With OM (> Grade I) 12 20

*p <0.05.

4. Discussion

Several studies have demonstrated the efficacy of PBM in decreasing the severity and duration
of OM. This positive response is probably due to the action of PBM on the different phases of OM,
through the decrease in the inflammatory response, the reduction of amplification, and the acceleration
of the healing process through promoting growth factors release, the proliferation of fibroblasts,
and deposition of collagen. The exact mechanism of PBM to explain this response is still not completely
understood [32].

Several local tissue reactions have been associated with the pathogenesis of OM, including the
damage caused by reactive oxygen species, inflammatory cytokines (Interleukin-6 (IL-6), tumor necrosis
factor-« (TNF-«), interleukin-1 beta (IL-1$3)), and submucosal connective tissue damage. Some authors
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have hypothesized that the reduction in the severity of OM with PBM may be due to the decrease in
reactive oxygen species or the reduction of proinflammatory cytokines. This speculation was based
on the premise that low-power lasers may be absorbed by specific molecules and other intracellular
organelles in addition to the mitochondria [33].

Therefore, some studies have investigated the effect of PBM on the level and behavior of the
inflammatory mediators in the blood and/or saliva in patients with OM. However, these studies could
not find a complete link between the positive response of PBM and the modulation of the inflammatory
mediators [32,34].

Silva et al. observed an elevation in the IL-6 concentration in both groups (laser and control) at the
time of OM development. It was noticed that this elevation was accompanied by the increase in TNF-a
and IL-1f concentration in the saliva of the laser group. The authors suggested that these findings may
explain the decrease in the severity of OM, where IL-6 plays a role in the systemic response to injury
by acting as a pro-inflammatory and anti-inflammatory cytokine [32]. Although too much increase
in TNF-oc and IL-1$3 may lead to mucosal damage, moderate levels are crucial for inducing the cell
regeneration process [22].

Furthermore, the authors observed an increase of matrix metalloproteinase 2 (MMP-2)
concentration in saliva in the laser group. They suggested that this increase may have contributed to the
reduction in the severity of OM, where MMP subtypes are implicated in both pro- and anti-inflammatory
pathways and play a critical role in tissue remodeling processes [32].

The mechanism of the analgesic effect of PBM has not been fully clarified yet. It is believed that
the analgesic effect results from the neurophysiological effects (e.g., the release of endogenous opioids),
the local circulatory, angiogenic and anti-inflammatory effects [22]. Some authors have suggested that
the reduction in prostaglandin E2 (PGE-2), cyclooxygenase-2 (COX-2) expression, and plasminogen
activator after PBM application might also be involved [22,35].

Recently, the Mucositis study group of MASCC/ISOO carried out a systematic review to update
their evidence-based clinical practice guidelines for the use of PBM as a modality for managing OM.
The authors observed an inconsistency and diversity in the laser parameters and PBM schedules,
including the starting time, the total duration, and the number of sessions per week. They suggested
specific settings for PBM for the prevention of OM in patients undergoing HSCT. These specific settings
were based on randomized clinical trials with a high level of evidence. The authors believe that these
specific PBM settings would be changed in the future based on a better understanding of the precise
roles of each PBM parameter [25].

In the literature, the wavelengths used for OM ranged from 630 nm to 970 nm [27]. In our study,
a double diode laser with two different wavelengths of 650 nm (red range) and 910 nm (infrared range)
was employed using the laser light guide red 650 nm and the 904-910 nm. Schubert et al. carried out a
study to compare two different wavelengths (650 nm and 780 nm) for the prevention of OM and pain
relief. The authors found that the red range lasers (650 nm) were more effective in preventing OM
lesions, while infrared lasers (780 nm) were more effective for the relief of pain [33].

The total energy deposited in the oral cavity per each PBM session should be considered as one
of the most important PBM parameters for OM [22]. It was noticed that some studies with similar
outcomes had the same total energy but they differed with respect to the other laser parameters [22,36].
In our study, the total irradiation energy per session was 40 J. This value increased due to the additional
application of PBM on the developed OM lesions.

The timing of the start of PBM differed among previous studies. Some studies started the PBM
prior to, or with the start of conditioning regimens; in others, the PBM was started on, or after the
day of transplantation [1,25,27,28]. In our study, the PBM was started one day before the start of the
conditioning regimen. Hodgson et al. believe that the lack of improvement in OM measurements in
their study was due to the late start of PBM (the day of transplantation). They speculated that this was
because the initiation phase of OM occurs with the start of the conditioning regimen; therefore, if the
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decrease in the severity of OM by PBM is due to a decrease in the amplification of the inflammatory
process, the early start of PBM may lead to more favorable outcomes [1].

The total duration of the PBM protocol is considered to be an influencing factor on studies’
outcomes. Soto et al. compared the outcomes of their study with other studies with similar laser
parameters. They found that studies with a shorter duration of the laser treatment did not show the
same positive results. The mean duration of the PBM was 22 days [37]. The mean duration of PBM in
our study was 21 days with an average of 16 PBM sessions.

The onset of OM has been reported to be 5-10 days from the start of the conditioning regimen
with a duration of 1-2 weeks [38]. In our study, the mean duration of OM in the PG was 4.7 days,
while in the CG the mean duration was 15 days.

In a study of 365 patients receiving HSCT, the incidence of severe OM was found to be 70% [39].
The incidence of severe OM has also been associated with the type of HSCT. Vera-Llonch et al. showed
that of 281 patients who underwent the allogenic type of HSCT, the overall incidence of severe OM
was 76%. The incidence was furthermore increased to 83.5% in patients who underwent aHSCT from
an unrelated donor; moreover, a further increase was observed in patients receiving methotrexate as a
graft-versus-host disease (GvHD) prophylaxis [6].

Our study has some limitations and these should be acknowledged. First, the sample size of our
study was small. A larger sample size would lead to more robust conclusions. Second, due to the
small sample size of the study and the heterogeneity of conditioning regimens employed, we were
not able to evaluate the type of conditioning regimen as a significant variable in the development
and severity of OM, as previously reported in the literature [39]. Third, the relationship between
morphine dosage and OM severity was not evaluated in this study, because morphine was prescribed
not only for OM, but also for mucositis occurring in anatomical sites other than mouth (pharynx,
stomach, or vagina). This observation should also be considered during the scoring of OM, for example,
some patients may experience an inability to drink or eat due to mucositis sites other than the oral one
(e.g., gastrointestinal sites). Fourth, the use of a retrospective control group should be considered as a
limitation. Both groups had the same baseline characteristics; however, a random blinded selection
would be better for the control group to avoid possible selection bias. In addition, more robust results
could have been obtained using a sham laser treatment control group. However, the PBM has become
a standard of care for all patients in our center, which made it ethically and practically difficult to create
a control group with a sham laser. Fifth, for all patients in the PG, each procedure of the study (routine
oral care, OM evaluation, and PBM applications) was performed by the same operator, while this was
not provided for the patients of the control group due to its retrospective nature. This issue can cause a
bias and should be considered in the interpretation of the results.

5. Conclusions

A significant reduction in the severity and duration of OM was observed with the PBM protocol.
PBM showed that it was a well-tolerated intervention without observing any adverse effects. The PBM
protocol did not completely prevent the conditioning regimen-induced OM. Further studies with a
larger number of patients are needed to evaluate the impact of PBM on OM.
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