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ABSTRACT
Introduction  Oral mucositis is a highly prevalent 
condition in individuals treated for haematological 
neoplasms, primarily during haematopoietic stem cell 
transplantation (HSCT). The condition is known to delay 
recovery processes, increasing the risk of infection, the 
number of interventions and the length of hospital stays. 
The proposed Photobiomodulation Therapy for Oral 
Mucositis and Functional Impairment Transplantation 
Trial aims to assess the effectiveness and acceptability 
of using photobiomodulation in the oral cavity to prevent 
oral mucositis and functional impairment in adult patients 
undergoing HSCT.
Methods and analysis  This is an assessor-blinded and 
statistician-blinded, parallel-group randomised controlled 
clinical trial (photobiomodulation vs control group). 
Participants and setting: 30 patients, aged 18–65 years, 
with haematological neoplasms undergoing HSCT at the 
Clínica Dávila Oncology and Bone Marrow Transplant 
Unit. Primary outcome measures: oral mucositis will be 
assessed daily using the WHO grading scale, beginning 
on the day of transplant through day 20 post-transplant. 
Researchers will assess functional capacity using a 
2 min step test, handgrip strength with the Jamar digital 
dynamometer, lower limb strength using a 30’ sit-to-stand 
test and quality of life with the Functional Assessment 
of Cancer Therapy-Bone Marrow Transplantation 
Questionnaire. Acceptability will be assessed by logging 
treatment adherence and using a Visual Analogue 
Scale. Assessments will occur at two time points (1): 
on admission to the transplant unit, before starting the 
conditioning regimen and (2) on the day of discharge. 
Intervention: three times per week photobiomodulation 
therapy using a diode laser device will begin the first 
day of conditioning and continue through day 3 post-
transplant.
Ethics and dissemination  The Clínica Dávila and 
Universidad del Desarrollo Clinical Research Ethics 

Committees approved this study in accordance with the 
Helsinki Declaration. Patients’ informed consent will be 
required. The dissemination strategy includes publication 
in scientific journals as well as presentations in the media 
and at conferences.
Trial registration number  NCT06260111.

INTRODUCTION
Haematological neoplasms are a heteroge-
neous group of malignant diseases that affect 
the blood, lymph nodes and bone marrow.1 
Haematological diseases such as leukaemia, 
Hodgkin’s and non-Hodgkin’s lymphoma 
and multiple myeloma were respectively 
responsible for 3.1%, 2.6%, 0.2% and 1.2% 
of all cancer deaths worldwide in 2020. That 
same year, an estimated 475 000 new cases of 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ One strength of this trial is its assessment of physi-
cal function outcomes (handgrip strength, functional 
capacity, physical fitness) in patients undergoing 
stem cell transplantation who received (or did not 
receive) photobiomodulation preventive treatment.

	⇒ Another strength is the measurement of the accept-
ability of photobiomodulation therapy during hae-
matopoietic stem cell transplantation.

	⇒ One limitation of the study is the short follow-up, 
which is up to the day of hospital discharge when 
patients no longer exhibit oral mucositis.

	⇒ Another limitation is the impossibility of blinding pa-
tients and therapists considering the unavailability 
of a sham equipment.
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leukaemia and 544 000 cases of non-Hodgkin’s lymphoma 
were reported.2

Despite advances in cancer treatments, the diver-
sity of therapeutic options and the increase in overall 
survival rates, the side effects of cytotoxic treatments 
have increased morbidity and disability-adjusted life years 
in cancer survivors.3 Among the most frequently expe-
rienced are cancer-related fatigue, nausea, weight loss 
and oral mucositis (OM),4 which all impact the cancer 
survivors.3

OM is a frequent side effect of chemotherapy and 
radiation therapy. Patients who receive high doses of 
chemotherapy with or without total body irradiation 
before a haematopoietic stem cell transplant (HSCT) are 
at high risk for developing OM.5 OM occurs in approxi-
mately 60%–85% of transplant patients,6 with the greatest 
severity between days 6 and 9 post-HSCT.7

The functional impact of mucositis is mainly due to 
malnutrition. During HSCT, pronounced weight loss 
(>7% of body weight) has been associated with a higher 
risk of fungal infection complications (48% vs 23%, OR 
3.37; 95% CI 1.11 to 10.19) compared with a modest 
weight loss (<2% of body weight).8 Furthermore, the 
parameters of body weight and body mass index (BMI) 
have been described as predictive of the results of allo-
geneic transplants. Compared with individuals with a 
normal BMI, those with a low BMI (<18.5) have a higher 
risk of general mortality, relapse and daily mortality at 
day+100 post-HSCT.9

More severe degrees of mucositis have been associated 
with an increased risk of infection and fever in patients 
receiving autologous HSCT. In those undergoing alloge-
neic HSCT, more severe degrees are associated with more 
days of parenteral nutrition, days of injectable narcotics, 
hospital expenses and mortality at day+100 post-HSCT.10 
In patients undergoing allogeneic HSCT with myeloabla-
tive or reduced-intensity conditioning, the incidence of 
any degree of OM has been 73.2% and 86.5%.11

There are a variety of therapeutic options for managing 
mucositis. Preventive strategies include anti-inflammatory 
drugs, herbs, growth factors, cryotherapy, laser and 
light therapy.12 Oral cryotherapy during a pretransplant 
chemotherapy infusion focuses on decreasing the inci-
dence and severity of OM,13 parenteral nutrition use 
and hospital stay length.14 However, its effectiveness as a 
prophylactic tool during chemotherapy is controversial 
due to the lack of evidence.

In 2014, a panel from the Multinational Association of 
Supportive Care in Cancer and the International Society 
of Oral Oncology (MASCC/ISOO) published clinical 
guidelines for OM management, recommending the use 
of photobiomodulation (PBM), also known as low-level 
laser therapy, for prevention in patients undergoing 
HSCT conditioned with high-dose chemotherapy, with 
or without total body irradiation, and in patients under-
going head and neck radiation therapy without conven-
tional chemotherapy.15 In 2020, MASCC/ISOO updated 
the guidelines, again recommending PBM and outlining 

evidence-based, clinically effective application protocols 
for mucositis prevention.16

Bezinelli et al described the cost-effectiveness of intro-
ducing an oral care protocol that includes PBM in the 
management of patients undergoing HSCT.17 According 
to the authors, this therapy helps reduce morbidity and, 
consequently, minimises transplant-associated hospital-
isation costs. Moreover, prior to the introduction of PBM, 
patients were more likely to have severe mucositis, to 
receive parenteral nutrition for longer periods, to have 
greater need for opioids and opioid days and to experi-
ence more pain in the oral cavity. Hospitalisation costs 
were up to 30% higher.17 The use of PBM for the preven-
tion of mucositis has been described as safe. A retrospec-
tive study evaluating short-term and long-term safety in 
693 patients undergoing HSCT found no evidence of 
immediate or late adverse effects or the development of 
secondary malignant neoplasms in the oral cavity.18 Never-
theless, a recent systematic review of PBM for mucositis in 
patients undergoing HSCT identifies the need for more 
randomised studies with greater methodological rigour, 
mainly in parameter definition.19

PBM is known to reduce weight loss and prevent BMI 
reduction in patients with head and neck cancer.20 While 
functional impairments related to handgrip strength, 
functional capacity and physical fitness are common 
after HSCT,21–23 PBM’s role in preventing such functional 
impairments remains unidentified. In addition, PBM 
effectiveness in improving overall and oral-health-related 
quality of life has not been previously observed in patients 
undergoing HSCT.24 Thus, further experimental studies 
are required to evaluate the effectiveness of PBM for 
preventing OM in patients with haematological cancer 
receiving HSCT, its impact on other functional outcomes.

No studies have been found exploring the acceptability 
of PBM from the user’s perspective. The PBM for OM and 
Functional Impairment Transplantation Trial proposes an 
innovative approach by considering the patient’s opinion 
on this therapeutic tool. This is relevant data for imple-
menting this type of intervention in health facilities. The 
main objective of this study is to assess the effectiveness 
and acceptability of PBM in the oral cavity to prevent OM 
and functional impairment in adult patients undergoing 
HSCT. Our hypothesis states: (1) PBM prevents severe 
OM, resulting in better clinical and functional outcomes 
(pain, hospital stays, opioid doses, handgrip strength, 
functional capacity, physical fitness, nutritional status and 
quality of life); (2) researchers expect the intervention to 
show moderate/high acceptability among patients.

METHODS: PARTICIPANTS, INTERVENTIONS AND OUTCOMES
Trial design
The study design involves a randomised controlled 
trial with parallel groups (experimental vs control). It 
is assessor-blinded and statistician-blinded with a 1:1 
allocation ratio (figure  1). Patients and therapists will 
not be blinded considering the unavailability of a sham 
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equipment. Data collection began in June 2024 and is 
expected to end in March 2025.

Patients will be randomly assigned to the experimental 
group (PBM+usual care) or the control group (usual 
care). Both groups will receive the same guidance on 
oral hygiene (usual care) per institutional prophylaxis 
protocol.

The report on this protocol meets the requirements 
of the Standard Protocol Items: Recommendations for 
Interventional Trials.25

Study setting
Potential participants will be recruited at Clínica Dávila 
Recoleta in Santiago, Chile. Evaluations and interven-
tions will occur during the participant’s hospitalisation at 
the institution.

Participants and eligibility criteria
Adults, aged 18–65 years, with haematological neoplasms 
whom the Clínica Dávila Transplant Committee has 

selected to receive an HSCT at the institution under the 
National Protocols for Hematopoietic Transplant26 will be 
invited to participate 1 week before their HSCT admission 
date. Participants must have a sufficient understanding of 
Spanish.

Exclusion criteria will be any observed cognitive deficit 
or failure to meet the clinical stability or disease progres-
sion criteria and National HSCT Programme require-
ments. Participants with any type of oral Candida infection 
prior to HSCT will also be excluded. In accordance with 
institutional HSCT guidelines, a dentist will perform an 
oral screening for Candida prior to admission for the 
HSCT. The haematologist and the institution’s HSCT 
coordinating nurse will recruit participants by referring 
any patients who meet the eligibility criteria of the study.

A researcher, the physical therapist or the nurse, will 
obtain the patient’s informed consent (online supple-
mental file 1). The process will begin with a comprehen-
sive explanation of the study, assessments, procedures, 

Figure 1  Flow diagram of the study design.
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risks and benefits. Patients will be given the time neces-
sary to ask questions and express concerns regarding the 
study. They will receive a printed copy of the informed 
consent form so they can read it carefully and, if they 
so desire, take it home for further analysis. The consent 
form will be signed on admission to the transplant unit.

The sample size was calculated using the G*Power 
program given the proportion of patients with grade 0 or 
1 mucositis (WHO OM grading scale) in the PBM group 
(82.4%) and in the control group (38.9%).27 The alpha 
value was 0.05, with a power of 0.80. Thus, the required 
sample size is 30 patients (15 in each group), which is 
feasible considering that Clínica Dávila carried out 38 
haematopoietic transplants in 2022.

INTERVENTIONS
Explanation for the choice of comparators
The study compared the group receiving PBM plus usual 
care with a control group receiving only usual care to 
determine whether including PBM to prevent mucositis 
impacts functional parameters by optimising nutritional 
intake, encouraging oral intake and reducing pain, 
given its potential analgesic effect on the oral mucosa. 
For ethical reasons, the control group will also receive a 
preventive measure, like cryotherapy, that is part of the 
usual care for reducing mucositis symptoms.

Intervention description
A haematology unit physical therapist with postgraduate 
oncological rehabilitation studies and PBM experience 
will receive training on using PBM per the study protocol 
before performing the intervention in the patient’s 
private room at the Clínica Dávila. The intervention will 
not delay the infusion times for conditioning chemo-
therapy or other pretransplant interventions nor inter-
fere with oncological clinical decision-making processes. 
It will be carried out during the day at a time agreed on 
with the patient to ensure a safe, comfortable experience.

The intervention being tested, PBM or low-level laser 
therapy, will be carried out three times per week, begin-
ning on the first day of the conditioning and continuing 
through day 3 post-transplant (D3). The duration of the 
conditioning regimen depends on the type of transplant, 
usually varying from 2 (autologous) to 7 days (allogeneic); 
meaning that patients will receive approximately three to 
six PBM sessions. MASCC/ISOO recommends using PBM 
daily between the first day of conditioning and day+2 post-
HSCT. The decision to deliver PBM three times per week 
aimed to reduce costs and number of sessions, which 
could make the intervention more feasible to implement 
in clinical practice. The parameters (dose and frequency) 
were calculated to keep them within the recommended 
therapeutic window.

The intervention protocol is based on previous studies 
demonstrating the effectiveness of PBM for OM.16 24 28 
PBM will be applied in 7–10 min sessions. An InGaAIP 
diode laser (DMC Laser therapy EC) with the following 

parameters will be used: wavelengths of 660 nm (red) 
and 808 nm (infrared), 100 mW power output and 2 J of 
energy measured at the 0.001 cm2 tip of the fibre optic. 
The laser will be applied at 20 points in the oral region, 
with an exposure time of 20 s per point, using 2 J of energy 
per point (figure 2). The total energy applied per day will 
be 40 J. One finger width will be used to separate appli-
cations and avoid overlap. Since the laser will be applied 
with tissue contact, a protective covering will be used on 
the equipment per institutional hygiene standards.

Both groups (control and intervention) will receive the 
usual care for mucositis during the transplant. Per insti-
tutional protocol, this includes education, cryotherapy 
and oral hygiene. The unit’s HSCT coordinating nurse 
will educate patients and encourage daily mouth washing. 
The trial allows all participants to receive the usual care 
in terms of institutional oral prophylaxis and rinsing 
measures. However, no medications, ointments or non-
pharmacological interventions that interfere with OM 
are allowed during the trial.

The oral hygiene protocol involves rinsing with sodium 
bicarbonate and double-distilled water every 6 hours and 
after each meal, starting the day before the chemotherapy 
conditioning period. Even if the patient has no desire to 
eat, an oral rinse is performed to neutralise the pH of 
the oral mucosa. Oral hygiene aims to prevent opportu-
nistic infections at the start of the gastrointestinal tract. 
In case of pain, lidocaine may be added to the double-
distilled water. When OM, detected per WHO criteria, 
causes intense pain, Gelclair may be added to mouthwash 
before meals to reduce pain and optimise oral intake. 
When cytarabine is administered for conditioning with 
chemotherapy before HSCT, one drop of Oftason in each 
eye is used to protect the mucous membrane. Oftason 
administration is initiated on the evening before the start 
of cytarabine and lasts until the day before HSCT (D1).

Cryotherapy involves administering ice chips and/or 
pineapple sorbet 20 min before melphalan infusion, for 
45 min during and 20 min after infusion.

The institutional care protocol for hospitalised post-
transplant patients includes physical therapy at least two 
times per day. Physical therapy involves aerobic exercise 
with a pedal exerciser, resistance training using 1 kg 
dumbbells and/or elastic resistance bands, stretching, 
breathing and diaphragmatic re-education and a respira-
tory exerciser.

The PBM intervention will be discontinued if the 
patient’s condition worsens due to the transplant, at the 
patient’s request or if any adverse effects occur. The inter-
vention will be performed in a pleasant environment, 
ensuring the patient’s comfort and convenience as a 
strategy for improving adherence.

Patient and public involvement
Patients were not involved in designing the study. 
Researchers talked to some patients about the study 
protocol and listened to their opinions. The six patients 
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Figure 2  Location of the points of low-level laser therapy application.
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consulted remarked that it was a great proposal that could 
potentially help patients undergoing HSCT.

Outcome measures
Assessments will occur on the day of admission to the 
unit (T1) and the day of hospital discharge (T2). Mean-
while, participants will be assessed for OM daily, begin-
ning the day after the transplant (D1) until the day of 
hospital discharge, which may occur about a month post-
transplant (D20) (table 1).

Main outcome: mucositis
OM, specifically the maximum grade of OM developed 
after stem cell transplant, is the primary outcome measure 
in this study. OM grades will be recorded daily, beginning 
the day after the stem cell transplant until day 20 post-
transplant. In both study groups, a clinical assessment of 
severity will be conducted using the WHO scale, where 
oral lesions are classified as grade 0=none; grade 1=oral 
soreness/erythema; grade 2=erythema, ulcers, able to 
tolerate solid diet; grade 3=ulcers, liquid diet only and 
grade 4=oral alimentation impossible.29 The intensity of 
OM-associated pain will be logged using a visual analogue 
scale from 0 to 10 (0=no pain, 10=the worst possible pain).

Secondary outcomes: physical function (handgrip strength, 
functional capacity, physical fitness), nutritional status, quality of 
life, clinical outcomes and acceptability
Several functional tests will assess physical function/
fitness to determine the patient’s functional and physical 
condition.

Handgrip strength: a hydraulic hand dynamometer 
(Jamar Digital Plus) will measure handgrip and upper 
limb strength. This low-cost device is easy to use, and the 
test results have demonstrated prognostic value in all-
cause mortality in patients with cancer.30 The test subject 
sits in a chair with their back against the backrest, shoul-
ders close to the trunk, without rotation, elbow flexed to 
90 degrees, forearm and wrist in a neutral position and 
both feet on the floor. The evaluated arm does not rest 
on any surface, and the dynamometer is positioned verti-
cally. The subject exerts maximum isometric grip strength 
for 3 s, with a 1 min rest between the two attempts.31 The 
higher value is recorded for subsequent analysis.

Functional capacity: this refers to an individual’s exercise 
capacity as measured by endurance (maximum dura-
tion and/or workload achieved) during an exercise test. 
The performance measure is the 2 min step test (2MST), 
a functional test that assesses an individual’s aerobic 
capacity. The test has been previously administered 
with older adults in a community setting32 and used in 
the oncology population to determine correlation with 
the Eastern Cooperative Oncology Group Performance 
Status (ECOG PS), resulting in a moderate Spearman’s 
correlation coefficient (r=−0.54).33 The test subject stands 
next to a wall and lifts their knees to walk in place for 
2 min. The step height, the midpoint between the partic-
ipant’s lateral femoral condyle and anterior superior iliac 

spine, is marked on the wall. The professional conducting 
the test counts and records the number of times the right 
knee reaches the marked target during the 2 min.34

Physical fitness: this is the ability to perform daily tasks 
and physical activities in a highly functional state, often 
as a result of physical conditioning. The 30’ sit-to-stand 
test assesses the subject’s ability to rise from a chair and 
sit back down, as well as lower-limb strength and function-
ality.35 Initially developed for older adults (66–97 years),36 
it has been used in the oncology population. Researchers 
found a modest correlation between test values and 
ECOG PS (Spearman’s correlation r=−0.491).33 The test 
subjects cross their arms over their shoulders and stand 
from a standard chair (43 cm) to a bipedal position with 
legs fully extended as many times as possible within 30 s. 
The score is the number of times the participant rises 
completely from the chair during the allotted time.

Nutritional information: researchers will consult the 
patient’s clinical file to obtain the mean daily calorie 
intake (kcal/day) after transplant and the number of days 
of parenteral nutrition support. They will calculate BMI 
using patient weight (kg) and height (cm), measure arm 
circumference at the midpoint between the olecranon and 
the acromion with a relaxed arm and the elbow flexed to 
90 degrees and use a skinfold calliper to measure triceps 
skinfold thickness. In addition, researchers will evaluate 
the patient’s nutritional status using an overall register 
of nutritional status according to the Global Leadership 
Initiative on Malnutritio Criteria.37 This scale classifies 
participants into three categories: well-nourished, mildly/
moderately malnourished or severely malnourished.

Quality of life: researchers will use the Functional Assess-
ment of Cancer Therapy-Bone Marrow Transplantation 
Questionnaire (FACT-BMT)38 to assess quality of life. The 
questionnaire, available in Spanish, is a validated instru-
ment widely used in the oncology population undergoing 
HSCT. It was obtained directly from the FACIT group 
with authorisation for use in this study. FACT-BMT has 
been previously compared with the EORTC QLQ-C30 
questionnaire, revealing a sufficiently high correlation 
for dimensions related to overall quality of life in trans-
plant patients.39 Silva et al24 used the questionnaire to 
determine the impact of PBM on OM and quality of life 
in patients undergoing HSCT.

The 50-item FACT-BMT questionnaire (fourth version) 
evaluates five dimensions as they apply to a patient’s 
past 7 days: physical well-being, social/family well-being, 
emotional well-being, functional well-being and a bone 
marrow transplant subscale. The response format is a 
5-point Likert scale: 0=not at all, 1=a little bit, 2=some-
what, 3=quite a bit, 4=very much. Some items have reverse 
scoring. A higher score indicates a better quality of life.38

Acceptability: researchers will use a visual analogue scale 
from 0 to 10 (0=no acceptability, 5=moderate acceptability 
and 10=optimal acceptability) to assess acceptability 
among patients in the intervention group. Adherence to 
the PBM sessions will also serve as an indicator of accept-
ability since the professional performing the intervention 
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will ask the patient whether they are willing to receive 
PBM and log the response on the daily record sheet.

Likewise, researchers will use electronic hospital 
records to determine the length of hospital stay (admis-
sion to discharge) and the number of days from trans-
plant to engraftment.

They will also consult electronic medical and/or 
nursing records to determine the quantity of analgesic 
opioids administered to manage OM, tracking the 
number of times the patient requested and received anal-
gesic medication to alleviate OM pain between the onset 
of OM and medical discharge.

For descriptive purposes, researchers will take the 
following sociodemographic and health information 
from hospital records: age (years), gender, type of cancer, 
cancer stage, type of treatment received prior to HSCT 
(eg, chemotherapy, radiotherapy or immunotherapy), 
conditioning regimen for HSCT and patient-declared 
comorbidities (eg, diabetes, hypertension, depres-
sion/anxiety, respiratory disease, smoking or alcohol 
consumption).

ASSIGNMENT OF INTERVENTIONS: ALLOCATION
Sequence generation
An independent individual will use randomising computer 
software to assign participants to groups. Sequence gener-
ation will be performed in blocks of 10.

Concealment mechanism
Sealed opaque envelopes will be used to conceal 
allocation.

An independent individual will generate the allocation 
sequence. After screening for eligibility, the enrolling 
researcher will use sealed and numbered envelopes to 
assign participants to the next available allocation. The 
therapist conducting the experimental group’s treat-
ments will assign participants to interventions.

DATA COLLECTION AND MANAGEMENT
Plans for assessment and collection of outcomes
The centre’s HSCT coordinating nurse will evaluate OM 
according to WHO criteria. A physical therapist other 
than the one performing the intervention will assess 
secondary outcomes (physical tests) at the two time 
points. A nutritionist from the haematology unit will eval-
uate the nutritional aspects.

Plans to encourage participant retention and complete follow-
up
Per institutional usual care, the physical therapy team 
will visit patients daily to promote physical activity and 
exercise. The transplant coordinator will also visit daily 
to assess the patient’s condition and encourage participa-
tion in physical therapy. These visits will create connec-
tions with the patient and positively reinforce the study.

STATISTICAL METHODS
The data will be tabulated in Excel spreadsheets and anal-
ysed with the SPSS V.20 software. Frequency distribution, 
central tendency measurements (mean, median) and 
dispersion (SD, IQR) will be used for descriptive analysis. 
Researchers will use the Shapiro-Wilk test, symmetry and 
kurtosis analysis to test for data normality.

For intergroup comparisons of pre-intervention and 
post-intervention outcomes, mean/median differences 
and their CIs will be computed. Student’s t-test for 
independent samples or its non-parametric equivalent, 
the Mann-Whitney U test, will also be used. Intragroup 
comparisons will use Student’s t-test for pairing samples 
or its non-parametric equivalent, the Wilcoxon test. A 
subgroup analysis will be performed by type of trans-
plant (ie, autologous or allogenic). A p value <0.05 will 
be adopted.

The analysis will be based on the intention-to-treat 
principle.

Protocol adherence could be affected for different 
reasons, for example, death, non-tolerance of treatment 
or side effects. In any case, the number of PBM sessions 
the patient receives will be recorded. The researchers 
propose an intention-to-treat analysis, where the average 
score from the corresponding group (intervention or 
control) would be used in place of any missing data, if 
necessary.

Ethics and dissemination plans
Ethical approvals: the Clínica Dávila and Universidad del 
Desarrollo Clinical Research Ethics Committees (2013-
111) have approved this study.

Data management and confidentiality: the haematology 
and transplant unit team will protect the patients’ 
personal information. Only the research team will handle 
assessment data, which they will store in a special physical 
folder at the institution. The Excel spreadsheets of the 
data will be anonymous and use numerical codes for each 
participant.

Unblinding will occur only if required by ethical and 
regulatory committees. In that case, significant protocol 
modifications will be communicated to the ethical 
committees, trial registration, sponsor and institution 
funding the research.

This clinical trial involves a widely studied therapy 
supported by scientific evidence and assessments 
commonly used with patients with haematological cancer 
undergoing HSCT. As such, the trial will not include 
an external data monitoring committee. However, an 
internal committee, comprising the lead researcher and 
the researchers assessing the primary outcomes, will 
monitor preliminary safety-related data and conduct 
ongoing preliminary data analyses for safety and effi-
cacy. If any adverse events are reported, the committee 
will request analysis and recommendations from external 
dentists with expertise in PBM. The data monitoring 
committee is independent of the sponsor and the institu-
tion funding the research.
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Adverse event reporting and harms: low-level laser therapy 
is below the threshold associated with adverse thermal 
effects or mechanical cellular damage.40 Systematic 
reviews found that studies involving PBM reported no 
adverse effects.41 42 Only one of the systematic reviews 
found a study reporting that 15% of patients experienced 
an immediate (non-painful) burning sensation after 
intra-oral 635 nm diode laser treatment.43 As studies with 
long-term follow-up were not found, the MASCC recom-
mended caution when using PBM in areas with known or 
possible tumours. The patient must be informed of the 
potential benefits and risks.43

The local Research Ethics Board will audit the study 
independently of the researchers and sponsor.

Patients will be asked if they present any adverse events, 
such as erythema, pain, burns, oedema or any other event 
correlated to the treatment. Tolerability will be assessed 
via patient self-reporting.

Dissemination: study results will be sent to indexed jour-
nals for review and distributed to study participants via 
email. Researchers will apply the International Committee 
of Medical Journal Editors authorship recommendations 
when publishing the results.

Author affiliations
1Universidad del Desarrollo Facultad de Medicina Clínica Alemana, Santiago, Chile
2Clínica Dávila, Santiago, Chile
3Physical Therapy, Centro Universitário das Faculdades Associadas de Ensino, Sao 
Joao da Boa Vista, Brazil

X Cinara Sacomori @cinara_sacomori

Contributors  TL-E, CS: conception or design of the protocol, protocol register, 
manuscript writing and editing and final approval of the version to be published. 
PA-C, DQ, PR, MP-E, LFdR, HL-V: design of the protocol, manuscript editing and final 
approval of the version to be published. CS is the guarantor.

Funding  This work was supported by ANID, Subdirección de Investigación 
Aplicada, Chile (grant number FONIS SA23I0021).

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Supplemental material  This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer-reviewed. Any opinions or recommendations discussed are solely 
those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability 
and responsibility arising from any reliance placed on the content. Where the 
content includes any translated material, BMJ does not warrant the accuracy and 
reliability of the translations (including but not limited to local regulations, clinical 
guidelines, terminology, drug names and drug dosages), and is not responsible 
for any error and/or omissions arising from translation and adaptation or 
otherwise.

Open access  This is an open access article distributed in accordance with 
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided the 
original work is properly cited, appropriate credit is given, any changes made 
indicated, and the use is non-commercial. See: http://creativecommons.org/​
licenses/by-nc/4.0/.

ORCID iD
Cinara Sacomori http://orcid.org/0000-0002-7349-7850

REFERENCES
	 1	 Alnaeem MM, Bawadi HA. Systematic Review and Meta-Synthesis 

about Patients with Hematological Malignancy and Palliative Care. 
Asian Pac J Cancer Prev 2022;23:2881–90. 

	 2	 CA A Cancer J Clinicians. Sung - global cancer statistics 2020 
globocan estimates of incidence and mortality. 2021.

	 3	 Kocarnik JM, Compton K, Dean FE, et al. Cancer Incidence, 
Mortality, Years of Life Lost, Years Lived With Disability, and 
Disability-Adjusted Life Years for 29 Cancer Groups From 2010 to 
2019 A Systematic Analysis for the Global Burden of Disease Study 
2019. JAMA Oncol 2022;8:420–44.

	 4	 Eglseer D, Seymann C, Lohrmann C, et al. Nutritional problems 
and their non-pharmacological treatment in adults undergoing 
haematopoietic stem cell transplantation-A systematic review. Eur J 
Cancer Care (Engl) 2020;29:e13298. 

	 5	 Staudenmaier T, Cenzer I, Crispin A, et al. Burden of oral mucositis 
in stem cell transplant patients-the patients’ perspective. Supp Care 
Cancer 2018;26:1577–84. 

	 6	 Villa A, Sonis ST. Mucositis: Pathobiology and management. 
Lippincott W Wilkins 2015;27:159–64.

	 7	 Berger K, Staudenmaier T, Cenzer I, et al. Epidemiology, patient 
adherence, and costs of oral mucositis in routine care in stem cell 
transplantation. Support Care Cancer 2020;28:3113–23. 

	 8	 Baumgartner A, Zueger N, Bargetzi A, et al. Association of Nutritional 
Parameters with Clinical Outcomes in Patients with Acute Myeloid 
Leukemia Undergoing Haematopoietic Stem Cell Transplantation. 
Ann Nutr Metab 2016;69:89–98. 

	 9	 Doney K, McMillen K, Buono L, et al. Impact of Body Mass Index on 
Outcomes of Hematopoietic Stem Cell Transplantation in Adults. Biol 
Blood Marrow Transplant 2019;25:613–20. 

	10	 Sonis ST, Oster G, Fuchs H, et al. Oral Mucositis and the Clinical and 
Economic Outcomes of Hematopoietic Stem-Cell Transplantation. 
JCO 2001;19:2201–5. 

	11	 Chaudhry HM, Bruce AJ, Wolf RC, et al. The Incidence and Severity 
of Oral Mucositis among Allogeneic Hematopoietic Stem Cell 
Transplantation Patients: A Systematic Review. Biol Blood Marrow 
Transplant 2016;22:605–16. 

	12	 Colella G, Boschetti CE, Vitagliano R, et al. Interventions for 
the Prevention of Oral Mucositis in Patients Receiving Cancer 
Treatment: Evidence from Randomised Controlled Trials. Curr Oncol 
2023;30:967–80. 

	13	 Alsulami FJ, Shaheed SU. Oral cryotherapy for management of 
chemotherapy-induced oral mucositis in haematopoietic cell 
transplantation: a systematic review. BMC Cancer 2022;22:442. 

	14	 Wang L, Gu Z, Zhai R, et al. Efficacy of Oral Cryotherapy on Oral 
Mucositis Prevention in Patients with Hematological Malignancies 
Undergoing Hematopoietic Stem Cell Transplantation: A 
Meta-Analysis of Randomized Controlled Trials. PLoS ONE 
2015;10:e0128763. 

	15	 Lalla RV, Bowen J, Barasch A, et al. MASCC/ISOO clinical practice 
guidelines for the management of mucositis secondary to cancer 
therapy. Cancer 2014;120:1453–61. 

	16	 Elad S, Cheng KKF, Lalla RV, et al. MASCC/ISOO clinical practice 
guidelines for the management of mucositis secondary to cancer 
therapy. Cancer 2020;126:4423–31. 

	17	 Bezinelli LM, de Paula Eduardo F, da Graça Lopes RM, et al. Cost-
effectiveness of the introduction of specialized oral care with laser 
therapy in hematopoietic stem cell transplantation. Hematol Oncol 
2014;32:31–9. 

	18	 Bezinelli LM, Corrêa L, Vogel C, et al. Long-term safety of 
photobiomodulation therapy for oral mucositis in hematopoietic cell 
transplantation patients: a 15-year retrospective study. Support Care 
Cancer 2021;29:6891–902. 

	19	 da Silva BM, Prosdócimo ML, Gasparini LR, et al. Most used 
photobiomodulation dosimetry parameters to treat oral mucositis 
after preconditioning for hematopoietic stem cell transplantation: 
systematic review and meta-analysis. Supp Care Cancer 
2022;30:3721–32. 

	20	 de Sousa Melo A, Andrade CL, de Lima Dantas JB, et al. Impact 
of photobiomodulation for oral mucositis on body weight and 
BMI of patients with head and neck cancer. Supp Care Cancer 
2022;30:4897–904. 

	21	 Ishikawa A, Otaka Y, Kamisako M, et al. Factors affecting lower 
limb muscle strength and cardiopulmonary fitness after allogeneic 
hematopoietic stem cell transplantation. Support Care Cancer 
2019;27:1793–800. 

	22	 Silva TC, Silva PO, Morais DS, et al. Functional capacity, lung 
function, and muscle strength in patients undergoing hematopoietic 
stem cell transplantation: A prospective cohort study. Hematol Oncol 
Stem Cell Ther 2021;14:126–33. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

at U
n

iversid
ad

 d
el D

esarro
llo

 
o

n
 Jan

u
ary 27, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 O

cto
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-088073 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

https://x.com/cinara_sacomori
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7349-7850
http://dx.doi.org/10.31557/APJCP.2022.23.9.2881
http://dx.doi.org/10.1111/ecc.13298
http://dx.doi.org/10.1111/ecc.13298
http://dx.doi.org/10.1007/s00520-017-4000-5
http://dx.doi.org/10.1007/s00520-017-4000-5
http://dx.doi.org/10.1007/s00520-019-05107-2
http://dx.doi.org/10.1159/000449451
http://dx.doi.org/10.1016/j.bbmt.2018.10.006
http://dx.doi.org/10.1016/j.bbmt.2018.10.006
http://dx.doi.org/10.1200/JCO.2001.19.8.2201
http://dx.doi.org/10.1016/j.bbmt.2015.09.014
http://dx.doi.org/10.1016/j.bbmt.2015.09.014
http://dx.doi.org/10.3390/curroncol30010074
http://dx.doi.org/10.1186/s12885-022-09539-8
http://dx.doi.org/10.1371/journal.pone.0128763
http://dx.doi.org/10.1002/cncr.28592
http://dx.doi.org/10.1002/cncr.33100
http://dx.doi.org/10.1002/hon.2050
http://dx.doi.org/10.1007/s00520-021-06268-9
http://dx.doi.org/10.1007/s00520-021-06268-9
http://dx.doi.org/10.1007/s00520-022-06817-w
http://dx.doi.org/10.1007/s00520-022-06899-6
http://dx.doi.org/10.1007/s00520-018-4433-5
http://dx.doi.org/10.1016/j.hemonc.2020.08.004
http://dx.doi.org/10.1016/j.hemonc.2020.08.004
http://bmjopen.bmj.com/


10 López-Espinoza T, et al. BMJ Open 2024;14:e088073. doi:10.1136/bmjopen-2024-088073

Open access�

	23	 Bailey C, Asher A, Kim S, et al. Evaluating Hand Grip Strength Prior 
to Hematopoietic Stem Cell Transplantation as a Predictor of Patient 
Outcomes. Rehabil Oncol 2018;36:172–9. 

	24	 Silva LC, Sacono NT, Freire M do CM, et al. The Impact of Low-
Level Laser Therapy on Oral Mucositis and Quality of Life in Patients 
Undergoing Hematopoietic Stem Cell Transplantation Using the Oral 
Health Impact Profile and the Functional Assessment of Cancer 
Therapy-Bone Marrow Transplantation Questionnaires. Photomed 
Laser Surg 2015;33:357–63. 

	25	 Chan AW, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 Statement: 
Defining Standard Protocol Items for Clinical Trials. Ann Intern Med 
2013;158:200–7. 

	26	 Sociedad Chilena de Hematologia SOCHIHEM. Guias practicas 
clinicas para el trasplante de progenitores hematopoyeticos. Chile; 
2017. Available: www.sochihem.cl

	27	 Ferreira B, da Motta Silveira FM, de Orange FA. Low-level laser 
therapy prevents severe oral mucositis in patients submitted to 
hematopoietic stem cell transplantation: a randomized clinical trial. 
Supp Care Cancer 2016;24:1035–42. 

	28	 Robijns J, Nair RG, Lodewijckx J, et al. Photobiomodulation therapy 
in management of cancer therapy-induced side effects: WALT 
position paper 2022. Front Oncol 2022;12. 

	29	 World Health Organization. WHO Handbook For Reporting Results of 
Cancer Treatment. . WHO, 1979:48. 1–46.

	30	 Tribolet P, Kaegi-Braun N, Gressies C, et al. Handgrip Strength 
Values Depend on Tumor Entity and Predict 180-Day Mortality in 
Malnourished Cancer Patients. Nutrients 2022;14:2173. 

	31	 Romero-Dapueto C, Mahn J, Cavada G, et al. Estandarización de la 
fuerza de prensión manual en adultos chilenos sanos mayores de 20 
años. Rev méd Chile 2019;147:741–50. 

	32	 Rikli RE, Jones CJ. Development and Validation of a Functional 
Fitness Test for Community-Residing Older Adults. J Aging Phys Act 
1999;7:129–61. 

	33	 Quinn SE, Crandell CE, Blake ME, et al. The correlative strength of 
objective physical assessment against the ecog performance status 

assessment in individuals diagnosed with cancer. 2020. Available: 
https://academic.oup.com/ptj

	34	 Bohannon RW, Crouch RH. Two-Minute Step Test of Exercise 
Capacity: Systematic Review of Procedures, Performance, and 
Clinimetric Properties. J Geriatr Phys Ther 2019;42:105–12. 

	35	 Bennell K, Dobson F, Hinman R. Measures of physical performance 
assessments: Self-Paced Walk Test (SPWT), Stair Climb Test (SCT), 
Six-Minute Walk Test (6MWT). 2011;63. 

	36	 Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure 
of lower body strength in community-residing older adults. Res Q 
Exerc Sport 1999;70:113–9. 

	37	 Jensen GL, Cederholm T, Correia MITD, et al. GLIM Criteria for 
the Diagnosis of Malnutrition: A Consensus Report From the 
Global Clinical Nutrition Community. JPEN J Parenter Enteral Nutr 
2019;43:32–40. 

	38	 McQuellon RP, Russell GB, Cella DF, et al. Quality of life 
measurement in bone marrow transplantation: development of the 
Functional Assessment of Cancer Therapy-Bone Marrow Transplant 
(FACT-BMT) scale. B M T 1997;19:357–68. 

	39	 Kopp M, Schweigkofler H, Holzner B. EORTC QLQ-C30 and FACT-
BMT for the measurement of quality of life in bone marrow transplant 
recipients: a comparison. Eur J Haematol 2000;65:97–103. 

	40	 Cronshaw M, Parker S, Anagnostaki E, et al. Photobiomodulation 
and Oral Mucositis: A Systematic Review. Dent J (Basel) 2020;8:87. 

	41	 Peng J, Shi Y, Wang J, et al. Low-level laser therapy in the 
prevention and treatment of oral mucositis: a systematic review 
and meta-analysis. Oral Surg Oral Med Oral Pathol Oral Radiol 
2020;130:387–97. 

	42	 Al-Rudayni AHM, Gopinath D, Maharajan MK. Efficacy of 
Photobiomodulation in the Treatment of Cancer Chemotherapy-
Induced Oral Mucositis: A Meta-Analysis with Trial Sequential 
Analysis. Int J Environ Res Public Health 2021;18:7418. 

	43	 Zadik Y, Arany PR, Fregnani ER, et al. Systematic review of 
photobiomodulation for the management of oral mucositis in cancer 
patients and clinical practice guidelines. Support Care Cancer 
2019;27:3969–83. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

at U
n

iversid
ad

 d
el D

esarro
llo

 
o

n
 Jan

u
ary 27, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 O

cto
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-088073 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://dx.doi.org/10.1097/01.REO.0000000000000114
http://dx.doi.org/10.1089/pho.2015.3911
http://dx.doi.org/10.1089/pho.2015.3911
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
www.sochihem.cl
http://dx.doi.org/10.1007/s00520-015-2881-8
http://dx.doi.org/10.3389/fonc.2022.927685
http://dx.doi.org/10.3390/nu14102173
http://dx.doi.org/10.4067/S0034-98872019000600741
http://dx.doi.org/10.1123/japa.7.2.129
https://academic.oup.com/ptj
http://dx.doi.org/10.1519/JPT.0000000000000164
http://dx.doi.org/10.1080/02701367.1999.10608028
http://dx.doi.org/10.1080/02701367.1999.10608028
http://dx.doi.org/10.1002/jpen.1440
http://dx.doi.org/10.1038/sj.bmt.1700672
http://dx.doi.org/10.1034/j.1600-0609.2000.90143.x
http://dx.doi.org/10.3390/dj8030087
http://dx.doi.org/10.1016/j.oooo.2020.05.014
http://dx.doi.org/10.3390/ijerph18147418
http://dx.doi.org/10.1007/s00520-019-04890-2
http://bmjopen.bmj.com/

	Photobiomodulation therapy to prevent oral mucositis and functional impairment in adult patients with haematological cancer undergoing haematopoietic stem cell transplantation: randomised trial protocol
	Abstract
	Introduction﻿﻿
	Methods: participants, interventions and outcomes
	Trial design
	Study setting
	Participants and eligibility criteria

	Interventions
	Explanation for the choice of comparators
	Intervention description
	Patient and public involvement
	Outcome measures
	Main outcome: mucositis
	﻿Secondary outcomes:﻿ physical function (handgrip strength, functional capacity, physical fitness), nutritional status, quality of life, clinical outcomes and acceptability


	Assignment of interventions: allocation
	Sequence generation
	Concealment mechanism

	Data collection and management
	Plans for assessment and collection of outcomes
	Plans to encourage participant retention and complete follow-up

	Statistical methods
	Ethics and dissemination plans

	References


