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Abstract
To compare the efficacy of intraoral and extraoral photobiomodulation (PBM) protocols for the prevention of oral mucositis (OM) 
in hematopoietic stem cell transplantation (HSCT) patients. A total of 60 patients was randomized into intraoral PBM (IOPBM) 
and extraoral PBM (EOPBM) groups. Both PBM protocols were well tolerated and no side effects were observed. EOPBM session 
times were one fourth of IOPBM durations. Of 60 patients, 35 (58.3%) developed ulcerated OM between day +3 and day +12. 
No intergroup difference was observed in OM healing times (p = 0.424). The lateral border of the tongue was the most common 
site affected in both groups. However, the incidence of mucositis on buccal mucosa was significantly reduced in the EOPBM 
group (p = 0.021). Young patients (OR.5.35, 95%CI 0.94–30.4, p = 0.058) and those who had received myeloablative conditioning 
(OR.55.1, 95%CI 2.69–1129.3, p = 0.009) were more likely to develop ulcerated OM, whereas autologous HSCT recipients (OR 
0.079, 95% CI 0.009–0.67, p = 0.021) had a lower probability of developing ulcerated OM independent of PBM protocol. EOPBM 
protocol was as effective as IOPBM in the management of OM in HSCT patients, with the advantage of shorter treatment sessions.
Trial registration number: RBR-7nww56.
Date of trial registration submission: 30th September 2019.
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Introduction

The management of side effects caused by hematopoietic 
stem cell transplantation (HSCT) conditioning regimens has 
a major impact on quality of life. Oral mucositis (OM) is a 

debilitating complication in 70–100% of HSCT recipients 
undergoing high-dose chemotherapy (CT) and total body 
irradiation (TBI). OM may impair oral function, thereby 
necessitating parenteral nutrition, opioid analgesia, changes 
in treatment protocols, prolonged hospitalizations, and 
increased financial burdens [1–3].

An understanding of the pathobiology and prognostic 
factors of OM is essential to design effective medical inter-
ventions [4]. Preventive measures include oral hygiene, 
keratinocyte growth factor therapy, cryotherapy for patients 
receiving high doses of melphalan, and photobiomodulation 
(PBM) [5]. The later therapy promotes beneficial therapeu-
tic effects including pain relief, immunomodulation, wound 
healing, and tissue regeneration. Moreover, PBM stimulates 
collagen synthesis by fibroblasts, angiogenesis, and myofi-
broblast differentiation improving the characteristics of the 
newly formed tissue [6, 7]. Most studies have used low-
level laser therapy (LLLT) and light-emitting diode (LED) 
to achieve PBM. However, few studies have reported the 
benefits of high-level laser therapy (HLLT) [8–12].
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Patient characteristics, laser parameters, and application 
methods may influence PBM outcomes [13, 14]. According 
to a Mucositis Study Group of the Multinational Association 
of Supportive Care in Cancer/International Society for Oral 
Oncology systematic review, intraoral PBM (IOPBM) using 
varying doses of LLLT reduces OM incidence, severity, and 
pain in adults undergoing HSCT [15].

Recent in vivo and clinical studies have yielded promising 
results of extraoral PBM (EOPBM) [8, 16–18]. This tech-
nique requires less time per application than IOPBM, thus 
minimizing patient discomfort. Moreover, EOPBM may also 
allow the simultaneous management of esophageal mucosi-
tis [16, 19]. Thus, the aim of the present study was to com-
pare the efficacies of EOPBM and IOPBM in the prevention 
of OM in HSCT patients. In addition, mean exposure times 
and discomfort related to both methods were also evaluated.

Patients and methods

Characterization of the study

This study consisted of a randomized, single-blind, con-
trolled clinical trial comparing the efficacies of IOPBM and 
EOPBM for the prevention of OM in adult HSCT patients. 
The study was approved by the Ethics Committee of the A. 
C. Camargo Cancer Center, Sao Paulo, Brazil (no.2569/18). 
Register Number of Trial (REBEC): RBR-7nww56. Written 
informed consent was obtained from all participants.

Inclusion criteria

Patients of both sexes aged 18 years or older with hemato-
logic malignancies submitted to autologous or allogeneic 
HSCT were eligible for enrollment.

Exclusion criteria

Patients who had undergone HSCT previously were 
excluded.

Study design

A total of 63 patients had criteria to participate of the 
study; however, 3 patients refused. Then, 60 patients 
were enrolled in this study between September 2018 and 
December 2019, and randomized to IOPBM and EOPBM 
groups matched to sex, age range (≥ 18 yo and < 40 yo 
or ≥ 40 yo), type of HSCT (autologous or allogeneic), 
and conditioning regimen (myeloablative conditioning 
[MAC]; non-myeloablative conditioning [non-MAC]; or 

reduced-intensity conditioning [RIC]) by an institutional 
app based on the sequential allocation process.

All patients were given oral assessment, which included 
oral and radiographic evaluation. Moreover, oral hygiene 
instruction and oral care (periodontal treatment, restora-
tion of caries, endodontic treatment, and/or extraction of 
teeth with poor prognosis) were performed before HSCT 
as routinely provided by our department. During the trans-
plantation period, the patients were orientated to use 0.12% 
chlorhexidine rinse twice a day to maintain oral health.

Experimental groups/PBM protocols

IOPM and EOPM preventive protocols were performed daily 
by a single trained professional, starting on the first day of the 
conditioning regimen and ending on the fifth day after trans-
plantation (d + 5). Session durations were measured, and both 
the professional and the patient wore protective eyewear. All 
PBM parameters used in the study are presented in Table 1.

IOPBM consisted of LLLT utilizing continuous 
InGaAlP diode laser applications delivered perpendicu-
larly to four mucosal sites. Patients were irradiated on 34 
points: 18 on the buccal mucosa (9 on each side), 4 on the 
lips (2 upper and 2 lower), 8 on the tongue (3 on the right 
lateral border, 3 on the left lateral border, and 2 on the ven-
tral surface), 2 on the floor of the mouth (1 on each side), 
and 2 on the soft palate (Supplementary material—Fig. 1).

EOPBM was performed with a pulse diode laser (Gem-
ini®, Azena Medical, LLC, distributed by Ultra dent Prod-
ucts, Inc.) with dual wavelengths of 810 and 980 nm. The 
adopted protocol was based on the method of a feasibility 
study using extraoral appliances [19] and consisted of the 
irradiation of 6 points on the face (2 on both right and left 
cheeks, and 1 on each lip) and three points on the anterior 
neck (right and left submandibular spaces, and submental 
space) (Supplementary material—Fig. 1).

All patients who developed ulcerated mucositis (> 
grade II on the World Health Organization (WHO) scale) 
received our institution’s curative protocol that uses con-
tinuous indium–gallium–aluminum–phosphide (InGaAlP) 
diode laser (MM Optics Ltd., Sao Carlos, Brazil) LLLT 
delivered perpendicularly to lesions daily until wound 
healing (Fig. 1). The IOPBM laser parameters were used 
in the curative protocol (Table 1).

Oral mucositis assessment

OM was evaluated daily from the first day of the condition-
ing regimen until healing by a blinded observer who did 
not provide PBM and was scored according to WHO crite-
ria: grade 0 (none), grade I (oral soreness, erythema), grade 
II (oral erythema, ulcers, solid and liquid diet tolerated), 
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grade III (oral ulcers, liquid diet only), and grade IV (oral 
alimentation impossible). Moreover, the National Cancer 

Institute (NCI) scale (NCI - Common Terminology Cri-
teria for Adverse Events) was also used: grade 0 (none), 

Table 1  PBM parameters of 
IOPBM and EOPBM groups

Parameters Preventive Protocols Curative Protocol

IOPBM EOPBM

Center wavelengths (nm) 660 810 + 980 (50%/50%) 660
Operating mode Continuous Pulsed Continuous
Frequency (Hz) ~ 50/60 50 ~ 50/60
Pulse duration (ms) Continuous 2 Continuous
Duty Cycle (%) – 10 –
Peak power (W) – 20 –
Average power (mW) 100 2000 100
Polarization Yes No Yes
Spot size  (cm2) 0.03 4.91 0.03
Irradiated area  (cm2) 0.03 4.91 0.03
Beam shape Round Round Round
Beam profile Gaussian Gaussian Gaussian
Irradiance (mW/cm2) 3300 407 3300
Fluence (J/cm2) 33.3 4.07 33.3
Exposure duration (s) 10 10 10
Total radiant energy (J) 1 20 1
Application form Contact Contact Contact
Number of points irradiated 34 6 On the lesions
Frequency of sessions Daily Daily Daily

From the first day of con-
ditioning until d + 5

From the first day of con-
ditioning until d + 5

OM grade II until 
wound healing

Fig. 1  Flowchart which shows the study design
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grade I mucosal erythema), grade II (patchy ulcerations 
with pseudomembranes), grade III (confluent ulcerations or 
pseudomembranes, bleeding with minor trauma), and grade 
IV (tissue necrosis, significant spontaneous bleeding). In 
addition, oral mucosal sites affected by ulcerated OM were 
recorded.

Pain scoring

Oral and throat pain levels were evaluated during 10 post-
transplant days through visual analogue scale (VAS) OM 
assessments. The VAS scale quantifies the patient’s self-
reported pain intensity by using a numerical score; 0 indi-
cates the absence of pain and 10 is the maximum score.

Statistical analysis

Data were analyzed descriptively by calculating median, 
mean, and standard deviation of the mean considering day 
0 (day of transplant) as the beginning of analysis. The Chi-
square and Fisher’s exact tests were applied to verify associa-
tions between covariables (demographic and clinical features) 
and the outcomes of OM, to verify the distribution of oral 
mucosal sites affected by ulcerated mucositis (II to IV), and 
to verify the mean intensity of oral and throat pain. The Mann-
Whitney correlation test was used to evaluate the mean time 
to OM development in both groups, and the healing time of 
ulcerated mucositis. Simple and multiple logistic regression 
analyses were performed to obtain odds ratios (ORs) with 95% 
confidence intervals (CIs) to ascertain differences between 
the two groups, as well as to compare the WHO and NCI 
mucositis scores (> grade II OM). Covariables that presented 
significant p values (< 0.050) and those with p values <0.200 
were included in multiple modeling. A stepwise technique 
was used, with testing from the lowest to the highest p value. 
The final model was built with the following assumptions: (1) 
no change in ORs > 10%, (2) improvement in accuracy by 95% 
CI, (3) total degrees of freedom allowed for each outcome 
variable, and (4) quality of the final model. The data were 
analyzed using IBM SPSS Statistics software version 25.0 and 
the significance level of 5% (p < 0.05) was used.

Results

A total of 60 patients were evaluated in this study. Demo-
graphic and clinical characteristics are presented in 
Table 2. Both PBM protocols were well tolerated, and no 
side effects were reported. However, three patients, two in 
the IOPBM group and one in the EOPBM group, refused 
one PBM session each, due to oral pain and malaise.

The mean durations of PBM sessions were 5.97 and 
1.67 min in the IOPBM and EOPBM groups, respectively 

(p < 0.001). Thirty-eight patients (18 IOPBM and 20 
EOPBM recipients) (63.3%) developed OM of any WHO 
grade. Three patients (one IOPBM and 2 EOPBM recipi-
ents) (5%) had WHO grade I, 23 patients (11 IOPBM and 
12 EOPBM recipients) (38.4%) developed WHO grade 
II, and 11 patients (6 IOPBM and 5 EOPBM recipients) 
(18.3%) WHO grade III OM. Only one patient (1.6%) 
developed WHO grade IV OM. This patient had received 
EOPBM and declined one PBM session. Results graded by 
the NCI and WHO scales were similar. No significant dif-
ferences were observed between the IOPBM and EOPBM 
groups in all OM grades (Figs. 2a–b). The lateral border 
of tongue was the most common site affected by ulcerated 
mucositis in both groups. The incidence of buccal OM 
was significantly lower in the EOPBM group (p = 0.021). 
The distribution of affected mucosal sites in both groups 
is shown in Fig. 3.

The highest oral pain scores occurred in the eighth day 
after HSCT (day +8) in IOPBM group and in the seventh 
day (day +7) in EOPBM group. There was no statistical 
difference in the mean daily oral pain intensity between 
groups (p = 0.535). The highest throat pain scores occurred 
on day +10 in the IOPBM group and on day +9 in the 
EOPBM group (p = 0.382).

Time to OM development and healing

There were no significant differences in the mean times to 
development of OM of any WHO severity grade between 
the IOPBM and EOPBM groups. Patients in the IOPBM 
group presented with WHO grade I OM between day 
+4 and day +12 (mean time of 7.7 days), whereas the 
EOPBM group exhibited grade I OM between day +2 
and day +10 (mean time of 6.1 days) (p = 0.112). Grade 
II mucositis was observed between day +5 and day +10 
(mean time of 7.9 days) and day +3 and day +11 (mean 
time of 6.8 days) in the IOPBM and EOPBM groups, 
respectively (p = 0.134). Grade III mucositis developed in 
the IOPBM group between day +6 and day +11 (mean 
time of 8.5 days) and in the EOPBM group between day 
+4 and day+12 with (mean time of 7.6 days) (p = 0.699). 
Similar results were also observed according to the NCI 
scale (Supplementary material- Table 1). Healing times for 
patients with ulcerated (grades II to IV) mucositis aver-
aged 9.35 days (6–16) after transplantation (day 0) in the 
IOPBM group and 8.44 days (3–15) in the EOPBM group 
(p = 0.424).

Logistic regression model

Simple logistic regression showed a similar incidence 
of ulcerated (grades II to IV) OM in the IOPBM and 
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EOPBM groups. Young patients (from 18 to 39 years 
old) and patients who had undergone MAC were at 
higher risk of developing ulcerated OM (OR 4.88 95% 
CI 1.22–19.48 p = 0.025, OR 8.5 95% CI 0.92–78.02 
p = 0.058, respectively). Caucasians, autologous HSCT 
recipients, and patients treated only with melphalan had 

lower probabilities of developing ulcerated OM (OR 0.23 
95% CI 0.05–0.92 p = 0.038, OR 0.022 95% CI 0.06–0.79 
p = 0.021, OR 0.22, 95% CI 0.05–0.90, p = 0.035, respec-
tively). Multiple logistic regression revealed that young 
patients (OR 5.35 95% CI 0.94–30.4 p = 0.058) and MAC 
recipients (OR 55.1 95% CI 2.69–1129.3 p = 0.009) were 

Table 2  Demographic and 
clinical characteristics of 60 
participants

CT Chemotherapy, TBI Total body irradiation, MAC Myeloablative Conditioning, RIC Reduced intensity 
conditioning

IOPBM
n = 30

EOPBM
n = 30

Total
n = 60

p- value

n % n % n %

Sex 0.790
  Male 18 60.0 19 63.3 37 61.7
  Female 12 40.0 11 36.7 23 38.3

Age 0.770
  ≥ 18 e < 40 years 8 26.7 9 30.0 17 28.3
  ≥ 40 years 22 73.3 21 70.0 43 71.7

Ethnic 0.770
  Caucasian 21 70.0 23 76.7 44 73.3
  Non-Caucasian 9 30.0 7 23.3 16 26.7

Diagnosis 0.300
  Multiple myeloma 8 26.7 13 43.3 21 35.0
  Leukemias 11 36.7 5 16.7 16 26.7
  Lymphomas 10 33.3 11 36.7 21 35.0
  Germ cell tumors 1 3.3 1 3.3 2 3.3

Type of HSCT 0.170
  Autologous 17 56.7 23 76.7 40 66.7
  Allogenic 13 43.3 7 23.3 20 33.3

Treatment modality 0.340
  CT only 21 70.0 26 86.7 47 78.3
  CT + TBI 2 or 4 Gy 4 13.3 2 6.7 6 10.0
  CT + TBI 12 Gy 5 16.7 2 6.7 7 11.7

Type of conditioning Regimen 0.671
  MAC 26 86.7 28 93.3 54 90.0
  RIC 4 13.3 2 6.7 6 10.0

Fig. 2  Comparison of OM incidence between IOPBM and EOPBM groups. a WHO scale. b NCI scale
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more likely to develop ulcerated OM, while autologous 
HSCT recipients were at lower risk (OR 0.079 95% CI 
0.009–0.67 p = 0.021) (Table 3).

Discussion

IOPBM using diode lasers has been recommended for the 
prevention of OM in adult HSCT patients [15]. Most studies 
have demonstrated that IOPBM is effective for the ameliora-
tion of OM. However, PBM parameters reported in the liter-
ature are highly variable [9, 10, 12, 16, 20, 21]. In addition, 
restricted mouth opening due to severe OM can compromise 
IOPBM application [17]. To obviate these limitations, we 
explored the clinical utility of EOPBM for the prevention 
of OM. To the best of our knowledge, this study is the first 
randomized, single-blind, controlled clinical trial to compare 
the efficacies of IOPBM and EOPBM for the prevention of 
OM in HSCT patients.

Both diode laser treatments were well tolerated, and 
no toxicity was reported. Both protocols (IOPBM and 
EOPBM showed similar efficacies for the prevention of 
oral mucositis. However, EOPBM reduced the duration of 
laser sessions by an average of 4 min. Similar data were 
also observed in a pilot study that evaluated the feasibil-
ity of EOPBM in pediatric HSCT patients [19]. In addi-
tion, no intergroup differences were detected in the mean 
times to OM development and healing, independent of 
OM grade and scale. Only 6 patients in IOPBM group and 
5 in EOPBM group experienced grade III OM and one 
patient developed grade IV mucositis in later group (such 
patient was the one who refused one laser session). The 
EOPBM group had a lower incidence of buccal mucositis 
than the IOPBM group. However, other oral mucosal sites 

such as the floor of the mouth, the lateral borders of the 
tongue, and soft palate showed similar incidence rates in 
both groups. In a literature review, it was also emphasized 
that EOPBM may be effective for controlling OM on buc-
cal mucosa and lips [22].

Acute oral pain caused by OM exacerbates cancer mor-
bidity and worsens quality of life [23]. PBM has been con-
sidered as an alternative to opioid analgesia for the palliation 
of OM-related pain [20]. In this study, both groups displayed 
low and similar OM-related pain scores.

OM severity may be influenced by the type of HSCT 
(autologous or allogeneic), conditioning regimen (MAC, 
RIC, or non-MAC), and the pharmacokinetics of CT agents 
[24]. Logistic regression analyses showed that the incidence 
of ulcerated OM (grade II to IV) in our study was similar 
in the IOPBM and EOPBM groups. However, higher rates 
of ulcerated OM were observed in young patients, MAC 
recipients, and allogenic HSCT patients. These findings are 
concordant with the results of an earlier study in which OM 
was more severe in allogeneic than autologous HSCT recipi-
ents and attributed to the higher intensity of conditioning 
regimens, particularly in MAC protocols using high-dose 
CT and TBI [25].

Another innovation of this study was the compari-
son of extra-oral HLLT using infrared wavelengths in 
defocused mode to visible-wavelength LLLT deliv-
ered in direct contact to mucosal surfaces. Intraoral 
and extraoral PBM have been correlated with lower 
scores of OM and enhanced biostimulation without 
cytotoxicity. In addition, HLLT modulates inf lam-
mation and accelerates healing more effectively than 
LLLT [12, 18]. Infrared wavelengths have better 
tissue penetration than visible-spectrum light, thus 
enhancing submucosal laser-tissue interactions to 

Fig. 3  Comparison of anatomic 
sites of ulcerated mucositis 
according to IOPBM and 
EOPBM groups
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improve wound healing [26]. The extraoral applica-
tion of high-energy infrared wavelengths in defocused 
mode may be the key to target deeper tissues and 
improve PBM efficacy [18].

In conclusion, both EOPBM using HLLT and IOPBM 
utilizing LLLT protocols presented similar results for pre-
venting OM in HSCT patients. Approximately 37% of the 
patients did not present any grade of OM. EOPBM protocol 
reduced application times (4-min decrease in duration of the 
laser session). However, further prospective, randomized, 
controlled studies are encouraged to define optimal laser 
parameters of EOPBM and further develop this modality 
as possible standard care for the prevention and treatment 
of OM.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00520- 021- 06228-3.
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CT Chemotherapy, TBI Total body irradiation, MAC Myeloablative conditioning, RIC Reduced intensity conditioning; * Statistically significant 
(Chi-Square and Fisher’s exact tests)
N No, Y Yes, OR Odds ratio

Variables Oral mucositis

Simple logistic regression Multiple logistic regression

N Y OR 95% CI p value OR adjusted 95% CI p value

n (%) n (%) Lower Upper Lower Upper

Groups
  IOPBM 13 (43.3) 17 (56.7) 0.87 0.31 2.43 0.793
  EOPBM 12 (40) 18 (60) 1

Sex
  Male 15 (40.5) 22 (59.5) 1.12 0.39 3.23 0.822
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  Multiple myeloma 12 (57.1) 9 (42.9) 1
  Leukemia 3 (18.8) 13 (81.3) 1 0.999
  Lymphomas 10 (47.6) 11 (52.4) 1 0.999
  Germ cell tumors 2 (100) 1 0.999

HSCT
  Autologous 21 (52.5) 19 (47.5) 0.22 0.06 0.79 0.021* 0.079 0,009 0.67 0.021*
  Allogeneic 4 (20) 16 (80) 1

Treatment
  CT only 22 (46.8) 25 (53.2) 1
  CT/TBI 2 or 4 Gy 3 (50) 3 (50) 1 0.999
  CT/TBI 12 Gy 7 (100) 1 0.999

Conditioning regimen
  MAC 20 (37) 34 (63) 8.5 0.92 78.02 0.058* 55.1 2.69 1129.3 0.009*
  RIC 5 (83.3) 1 (16.7) 1
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