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Abstract

To characterize oral sites affected by radiation-induced oral mucositis (OM) and related clinical outcomes in oral cancer patients
subjected to prophylactic photobiomodulation therapy (PBMT). This study included advanced oral squamous cell carcinoma
(OSCC) patients treated with prophylactic PBMT for OM. The site distribution of OM, OM grading (CTCAE NCI, Version 4.0,
2010), OM-related pain (VAS), analgesic protocol (WHO Analgesic Ladder), and use of enteral nutrition were evaluated weekly
during treatment. Data analysis was performed using descriptive statistics expressed as median values and percentages. A total of
145 OSCC patients were included. OM most frequently affected the lateral border of the tongue (44.1%), buccal mucosa (37.2%),
and labial mucosa (33.8%). Keratinized oral mucosa sites, including the tongue dorsum (6.21%), retromolar trigone (8.3%), and
hard palate (2.76%), were less frequently affected. Peak OM scores were observed at weeks 5, 6, and 7, with severe OM (NCI
grades 3 and 4) rates of 11%, 20%, and 25%, respectively. The cumulative occurrence of severe OM was 23%, which developed
as early as week 3 and as late as week 7. The highest mean value of OM-related pain (2.7) was observed at the sixth week, and
13.8% of the patients required feeding support. This study showed, compared with studies that did not provide PBMT, reduced
severity of mucositis, reduced pain and analgesic use, and reduced tube feeding in patients treated with PBMT. OM involving
keratinized and non-keratinized surfaces should be included in the prophylactic PBMT to reduce severe OM in future studies.

Keywords Oral cancer - Squamous cell carcinoma of head and neck - Radiotherapy - Oral mucositis - Oral mucosa site

Introduction

Oral cavity cancer is one of the most common cancers world-
wide with annual estimates of approximately 270,000 new
cases and 130,000 deaths [1]. An overwhelming majority of
cases are oral squamous cell carcinoma (OSCC) with over
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70% of patients diagnosed in advanced stages and with 5-
year survival rates of approximately 50% [1, 2]. OSCC treat-
ment may include surgery, radiation therapy (RT), and che-
motherapy (CT) [2]. RT and chemoradiotherapy (CRT) pro-
tocols have been associated with acute toxicities that affect
non-targeted tissues, including oral mucositis (OM) [3-8].
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Recently, The Multinational Association of Supportive
Care in Cancer/International Society of Oral Oncology
(MASCC/ISOO) Mucositis Study Group [3] following a sys-
tematic review of the literature suggested that OM pathogen-
esis is strongly linked to inflammatory signaling [3]. Thus,
targeting inflammatory mediators and modulating reactive ox-
ygen species continues to be a key consideration in OM man-
agement [3—6]. In this context, photobiomodulation therapy
(PBMT) utilizes low-energy red and near-infrared light to re-
duce inflammation, relieve pain, and ultimately promote tissue
regeneration, potentially a non-medication strategy to prevent
and reduce the severity of CRT-induced OM [7, 9-12].
MASCC/ISOO recently recommends the use of PBMT
(wavelength 632.8 nm) for the prevention of OM in head
and neck cancer patients undergoing RT with or without con-
comitant CT [7].

During PBMT, the red/near-infrared light photon energy is
absorbed by cytochrome c oxidase in the mitochondria, which
is the last enzyme in the electron transportation chain, playing
a pivotal role in metabolism and production of ATP [12—-15].
The more photons are absorbed by cytochrome ¢ oxidase, the
more oxidized (activated) state the cytochrome ¢ oxidase will
be; therefore, the accelerated oxygenation process and extra
production of ATP may protect the oral mucosa and promote
tissue healing [11, 13-16].

In PBMT, the following treatment parameters have been
recommended: wavelength (633—685 nm or 780-830 nm),
energy density (laser or light-emitting diode output 10—
150 mW), dose (2—10 J/em?), treatment schedule (two times
a week up to daily), emission type pulsed (< 100 Hz), and
route of delivery (intraoral or extraoral/transcutaneous) [10,
11, 17-19]. Itis unclear, however, to what extent the delivered
PBMT therapy effectively provides an adequate uniform dose
to the at-risk tissues. The objective of this retrospective study
was to describe the clinical features and outcomes of OM in a
large and homogeneous sample of patients with advanced
OSCC treated with prophylactic PBMT therapy while receiv-
ing CRT.

Patients and methods
Study design

This was a single-center retrospective study designed to eval-
uate the clinicopathological features of OM in patients under-
going RT with or without concomitant CT, for OSCC and
who received prophylactic PBMT therapy at Sao Paulo State
Cancer Institute (ICESP, Brazil) from January 2009 to
December 2014. This study was approved by the Ethics
Committee of the School of Medicine of the University of
Sao Paulo, Sao Paulo, Brazil (Protocol# 1.897.352), and con-
ducted in accordance with the Declaration of Helsinki. The
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data collection followed the guideline for reporting observa-
tional studies as per Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement
[20].

Inclusion criteria

This study included previously untreated advanced OSCC
patients subjected to postsurgical RT (with or without con-
comitant cisplatin) using a 6-MV linear accelerator (Synergy
Platform, Elekta AB, Stockholm, Sweden) and included pa-
tients undergoing curative protocols of head and neck RT, for
5 days/week for 67 weeks, with or without concomitant CT.

The RT protocols with radiation volumes encompassed the
primary site and areas of lymph nodes at risk and received
cumulative doses that ranged from 60 to 70 Gy. All included
subjects received stabilization of oral disease before starting
RT and all included subjects completed the institutional
standard-of-care PBMT protocol for prevention of OM [19].

Exclusion criteria

Subjects who missed one or more RT or PBMT sessions were
considered to have received incomplete treatment and were
excluded from the study. Subjects that did not have oral dis-
ease stabilized and patients that presented tumor site other
than the oral cavity and oropharynx were also excluded.

Photobiomodulation protocol

The PBMT institutional protocol used was established by the
Sao Paulo State Cancer Institute (ICESP), Brazil [16]. Trained
dentists administered the PBMT on outpatient basis. PBMT
was provided daily for 5 consecutive days (Monday to
Friday), immediately before each RT session. All patients
were treated using a Twin Flex (MM Optics, Sao Carlos,
Brazil) PBMT device. The PBMT parameters are described
in Table 1. The laser hand piece was activated when posi-
tioned flatly against several oral mucosa sites. For prophylax-
is, 10 s was used per point applied to the normal or erythem-
atous oral mucosa including the upper and lower lip mucosa,
bilateral buccal mucosa, bilateral ventrolateral tongue, bilater-
al lip commissure, floor of the mouth, and soft palate, whereas
60 s was used in ulcerated lesions for OM treatment [19].

PBMT therapy was not delivered over an active tumor site
but was performed in cases of clinically sound mucosa after
tumor surgical resection. PBMT was not prophylactically de-
livered to oral keratinized tissues including the tongue dor-
sum, hard palate, or gingiva [19]. Thermal effects reported
by the patients included in this study were not quantified be-
cause there is no evidence for tissue heating for PBMT proto-
cols operating with a wavelength of 660 nm.
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Table 1 Photobiomodulation

therapy parameters Parameters

Prophylactic protocol

Treatment protocol

Wavelength

Operating mode

Average power

Beam spot size at target

Beam shape

Irradiance

Exposure duration (s) per point
Radiant energy (J)

Radiant exposure (J/cm?)
Application technique*

Number and frequency of treatment sessions

660 nm
Continuous wave
40 mW

0.04 cm?
Circular

1 W/em?

10

0.4

107

Yes

From day 1 to
radiotherapy conclusion

660 nm
Continuous wave
40 mW

0.04 cm”
Circular

1 W/em?

60

24

60J

Yes

From ulcer onset to
complete wound healing

*Oral mucosa contact with interstitial optical fiber

During RT treatment the oral complications were recorded
daily. All electronic medical records were assessed and sub-
jects with missing or unclear information reported on the re-
cords were excluded from the study.

Oral mucositis assessment

A trained dental surgeon conducted OM grading using the
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE, Version 4.0, 2010) on the last
day of each week of treatment (D5, D10, D15, D20, D25,
D30, and D35) as part of standard of care. The following sites
were evaluated: buccal mucosa, floor of the mouth, gingiva,
hard palate, labial mucosa, oropharynx, retromolar trigone,
soft palate, tongue dorsum, and ventrolateral tongue.

Patient self-reported OM pain was recorded using a visual
analog scale (VAS) (where 0 is painless and 10 is the highest
level of pain) at the end of each week of RT. Pain levels were
not specifically recorded by each oral cavity anatomical sites
included in the OM assessment. Medication used for OM
analgesia was recorded weekly and classified by levels fol-
lowing the WHO Analgesic Ladder [21]: no analgesics, pa-
tients without pain related to OM; level 1, low level of pain
(VAS 1-3; paracetamol or dipyrone and/or ketoprofen or
celecoxib); level 2, moderate level of pain (VAS 4-6; codeine
or tramadol or dipyrone and/or ketoprofen or celecoxib); and
level 3, severe level of pain (VAS 7-10; morphine or oxyco-
done + paracetamol or dipyrone and/or ketoprofen or
celecoxib).

Statistical analysis

Data were analyzed using SAS software version 9.3 (SAS
Institute Inc., Cary, NC, USA) using descriptive statistics.
Results were expressed as median values and percentages.

Results
Patient characteristics

There were 145 patients with advanced oral cavity SCC who
met the inclusion criteria and were included in this study
(Table 2). The mean age was 58.8 years ranging from 35 to
86 years old (standard deviation (SD)=10.19) and 73.8% of
included patients were males. SCC of the lateral border of the

Table2  Clinicopathological features of 145 patients with advanced oral
squamous cell carcinoma managed with photobiomodulation therapy for
radiation-induced oral mucositis

Variables N (%)

Age range (mean/standard deviation) 35-86 years (58.9/10.19)

Gender
Male 107 (73.8)
Female 38 (26.2)
Primary tumor site
Tongue (lateral border) 68 (46.9)
Floor of the mouth 24 (16.5)
Retromolar area 15 (10.4)
Lower lip 42.7)
Soft palate 22 (15.2)
Gingiva 5(3.5)
Buccal mucosa 4(2.8)
Oropharynx with oral extension 3(2.0)
Clinical stage
Stage 111 19 (13.1)
Stage IV 126 (86.9)
Treatment
Surgery 86 (59.3)
Radiotherapy without chemotherapy 60 (41.3)
Chemoradiotherapy 85 (58.7)
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tongue was the most frequent primary site (46.9%), followed
by the floor of the mouth (16.5%) and retromolar trigone
(10.4%). All patients received complete and uninterrupted
postoperative RT (n=60) or CRT (n =85).

Oral mucositis assessment

All patients developed OM during the treatment period
(Table 3). During the first 2 weeks of treatment (D5-D10),
OM grades varied from 0 to 2 with a mean pain score of 0 and
0.52, respectively. By the end of the third week (D15), grade 3
lesions developed in 3.7% of patients with a mean pain score
of 1.72. Grade 3 OM increased to 5.5% and 11% during
weeks 4 and 5 (D20-D25) with mean pain scores of 2.19
and 2.57, respectively. Grade 4 OM were first observed at
the end of the sixth week (D30) and remained stable at 1.3%
until the end of the treatment (D35) with mean pain scores of
2.69 and 2.22, respectively. In the last week of RT, the most
affected OM sites were the ventrolateral tongue (92 (63.4%)
patients), buccal mucosa (58 (39.09%) patients), labial muco-
sa (52 (35.8%) patients), and soft palate (41 (28.2%) patients).
Oral sites with severe OM (grade 3) were the labial mucosa,
ventrolateral tongue, buccal mucosa, soft palate, floor of the
mouth, and oropharyngeal mucosa. Overall higher oral pain
levels were observed in those patients affected by OM in the
labial mucosa, ventrolateral tongue, buccal mucosa, soft pal-
ate, floor of the mouth, and oropharynx. The most frequently
oral anatomic sites affected by OM were also those associated
with increased pain as seen on Tables 4 and 5. The hard palate,
tongue dorsum, and retromolar trigone were rarely affected by
OM and its associated pain. Gingival tissue was not affected.

The most common oral sites affected by OM were the
lateral border of the tongue (44.1%), buccal mucosa
(37.2%), and labial mucosa (33.8%). Keratinized mucosal
sites were also affected by ulcerative OM lesions, including
the dorsal surface of the tongue (6.21%), the retromolar
trigone (8.3%), and hard palate (2.76%) (Fig. 1). On the last
day of RT, 113 (77.9%) patients had more than one site af-
fected by OM.

OM-related pain management is summarized in Table 5. At
the end of the first week of treatment (D5), no patients re-
quired analgesics. At the end of the third week (D15), 95
(65.5%) patients did not report OM-related pain, 23 (16%)
patients were using level 1 analgesics, 21 (14.5%) used level
2 analgesics, and 6 (4%) used level 3 analgesics. By the end of
RT (D35), 54 (37.2%) patients did not report OM-related pain,
21 (14.5%) patients used level 1, 50 (34.5%) patients level 2,
and 20 (13.8%) patients required level 3 analgesics.

On the first day of RT, 51 (35.2%) patients had unrestricted
diet, 76 (52.4%) had restricted diet (soft or liquid intake only),
and 18 (12.4%) by enteral diet (nasogastric tube or
gastrostomy). At completion of treatment (D35), 24 (16.5%)
of the patients had an unrestricted diet, 83 (57.3%) had re-
stricted diet (soft or liquid intake only), and 38 (26.2%) were
fed by enteral diet (nasogastric tube or gastrostomy) (Table 6).
There were no significant differences regarding OM preva-
lence or any of the investigated outcomes between patients
who undergo RT alone or combined with CT.

Discussion

Combined CRT protocols represent the standard of care for
advanced stage OSCC, although treatment increases acute
toxicities, including OM [22], which reinforces the need to
develop protocols to prevent and treat oral toxicities [23].
This study described the frequency and distribution of OM
lesions in patients with OSCC undergoing head and neck RT
with or without concomitant CT and receiving prophylactic
PBMT. The results of our study suggest that although the
main affected sites were non-keratinized tissues [24], such as
the lateral border of the tongue, buccal mucosa, and lip mu-
cosa; and the highly keratinized areas of the oral mucosa, such
as the dorsal surface of the tongue, the retromolar trigone, and
hard palate, were affected in less than 10% of patients, sug-
gesting that PBMT protocols may be further optimized for
best results to include the entire field of high-dose RT. As
the keratinized sites are not typically considered to be at high

Table 3  Oral mucositis grade and mean pain scores at the end of each week of radiotherapy

D5 D10 D15 D20 D25 D30 D35

(N (%)) N (%)) (N (%)) (N (%)) (N (%)) (N (%)) (N (%))
Grade 0 133 (92) 58 (40) 16 (11) 14 (9.6) 12 (8.2) 15 (10.3) 19 (13.1)
Grade 1 12 (8) 37 (25.5) 23 (15.8) 22 (15.1) 19 (13.1) 21 (14.4) 16 (11)
Grade 2 0 (0) 50 (34.5) 102 (70.3) 101 (69.6) 98 (67.5) 80 (55.1) 74 (51)
Grade 3 0 (0) 0(0) 4(3.7) 8(5.5) 16 (11) 28 (19.3) 34 (23.4)
Grade 4 0 (0) 0 (0) 0 (0) 0 (0) 0(0) 1 (0.68) 2 (1.3)
Pain score (mean VAS value) 0 0.52 1.72 2.19 2.57 2.69 2.22

VAS visual analog scale (0-10), D day
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Table 4  Site distribution of oral mucositis according to treatment duration
Anatomic site D5 D10 D15 D20 D25 D30 D35 Total

(N (%)) (N (%)) (N (%)) (N (%)) (N (%)) (N (%)) N (%)) (N (%))
Labial mucosa 0 (0) 12 (8.3) 49 (33.7) 56 (38.6) 57 (43.2) 55(37.9) 52 (35.8) 59 (40.7)
Buccal mucosa 0 (0) 21 (14.5) 65 (44.7) 66 (45.4) 63 (43.3) 60 (41.3) 58 (39.9) 70 (48.27)
Tongue dorsum 0 (0) 2(14) 3(2) 5(3.3) 9 (6.1) 6 (4.1) 13 (8.9) 13 (8.9)
Ventrolateral tongue 0(0) 21 (14.5) 61 (41.9) 63 (43.3) 78 (53.7) 83 (57.1) 92 (63.4) 92 (63.4)
Floor of the mouth 0 (0) 6 (4.1) 20 (13.7) 20 (13.7) 34 (23.4) 25(17.2) 24 (16.5) 34 (23.4)
Gingiva 0 (0) 0(0) 0 (0) 0 (0) 0(0) 0(0) 0(0) 0(0)
Soft palate 0 (0) 10 (6.9) 29 (15.7) 42 (28.9) 42 (28.9) 36 (24.7) 41 (28.2) 44 (30.3)
Hard palate 0 (0) 0(0) 2(14) 42.7) 0 (0) 2(1.4) 1 (0.6) 10 (6.9)
Retromolar trigone 0 (0) 3(2) 12 (8.3) 534) 3(2) 42.7) 3(2.0) 12 (8.3)
Oropharynx 0 (0) 0(0) 10 (6.9) 13 (8.9) 16 (11) 14 (9.6) 13 (8.9) 16 (11)
D day

risk for OM, these sites were not included in the PBMT
protocol.

The current study did not include a concurrent control
group as at our institution all OSCC patients are treated with
PBMT for prevention of OM as a routine standard of care
[19]. However, we attempted to address this issue by compar-
ing the results of this study with those of previously published,
randomized controlled trials that included treatment outcomes
of head and neck cancer patients treated with multimodal
therapy.

The epidemiology and severity of OM reported in the pres-
ent study are similar to those found in previously published
phase III studies in patients undergoing RT for head and neck
cancer who underwent prophylactic PBMT. Less than 30% of
the study patients developed severe OM (grades 3 and 4),
although almost all patients developed some grade of OM
during the course of treatment, similar to the existing literature
[25]. Our finding of 23% of patients with severe OM (grades 3
and 4) at the end of RT is very similar to those found in the
literature by Gouvéa de Lima et al. [10], who observed that
22% of the patients showed grades 3 and 4 of OM after re-
ceiving prophylactic PBMT, and by Gautam et al. [26] who
observed that oral cavity and head and neck cancer patients
presented 29% and 23.4% grade 3 and 4 OM, respectively.

The literature describes similar PMBT treatment schedules
(5 days per week during weekdays prior to RT) and exclusion
of active tumor areas from the PBMT application sites [19,
25-28]. Differences in PBMT dose with values of 2, 3, 4, and
10 J/em® are reported [19, 25-28]. A high heterogeneity in
oral site distribution treated with PBMT is reported, whereas
the institutional protocol in this study included sites with a
total of 7 different oral sites [19] while other studies reported
6, 5, or 3 oral sites included for the PBMT prophylactic appli-
cation [25-28]. Although PBMT is well established as a pro-
phylactic approach for OM, these considerable differences in
protocols adopted by different institutions may influence the
response to the treatment. According to Wang et al. [15], the
PBMT parameters used in the current study would not be able
to generate tissue heating, discomfort, or thermal changes with
potential to impact the OM management outcomes. Hence,
the treatment effects observed in this manuscript were most
probably induced by increased cytochrome ¢ oxidase and re-
lated with higher ATP synthesis as described by Karu et al.
[12].

The rates of severe OM observed in the present study were
considerably lower when compared with those of the placebo
groups of phase III OM studies reported in the literature,
where 1% of the patients developed grade 4 OM while studies

Table 5 Oral mucositis-related

analgesia protocol throughout ra-  Protocol* D5 D10 D15 D20 D25 D30 D35

diotherapy course (n (%)) (n (%)) (n (%)) (n (%)) (n (%)) (n (%)) (n (%))
No analgesics 145 (100) 123 (85)  95(65.5 70(48.0) 64(442) 56(38.6) 54(37.2)
Level 1 0 (0) 11(75  23(16) 35(24.1)  22(152)  20(13.8) 21 (14.5)
Level 2 0 (0) 11(75  21(145 30(21.0) 44(303) 49(33.8) 50 (34.5)
Level 3 0 (0) 0 (0) 6 (4) 1069  15(10.3)  20(13.8)  20(13.8)

*Institutional protocol for OM-related pain based on the WHO Analgesic Ladder [13]. Level 1, low level of pain
(VAS 1-3; paracetamol or dipyrone and/or ketoprofen or celocoxib); Level 2, moderate level of pain (VAS 4-6;
codeine or tramadol or dipyrone and/or ketoprofen or celecoxib); Level 3, severe level of pain (VAS 7-10;
morphine or oxycodone + paracetamol or dipyrone and/or ketoprofen or celecoxib)
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Fig.1 Images of oral mucositis in
areas that are not part of the laser
application protocols. a Oral
mucositis affecting the lip
commissure in both sides. b
Severe oral mucositis affecting
the hard palate. ¢ Severe oral
mucositis in the anterior tongue
dorsum. d Confluent oral
mucositis in the dorsal surface of
the tongue. e Ulceration areas in
the retromolar trigone. f Severe
oral mucositis affecting dorsal
surface and lateral border of the
tongue

reported values ranging from 4.2 to 20.8% for HNC and
OSCC patients, respectively [26, 29].

Low grades of OM similar to the ones found in the present
study are expected to occur in treatment of other primary
tumor sites such as the larynx and hypopharynx, due to the
lower RT dose delivered to the oral mucosa [10, 28]. The OM
assessment in the present study may be considered remarkable
when considering the large number of patients with stage IV
oral cancer receiving highly cytotoxic therapy, supporting the
use of PBMT. All patients included in this study received the
same PBMT protocol delivery encompassing the upper and
lower lip mucosa, bilateral buccal mucosa, bilateral ventrolat-
eral tongue, bilateral lip commissure, floor of the mouth, and
soft palate except active tumor site. This result may drive the
development of new PBMT protocol strategies optimized for
different oral anatomic sites during the course of CRT-
induced OM.

The mean pain rating related to OM in our study was con-
siderably lower than those reported in the literature. Gautan
etal. [26] observed the highest mean pain rating related to OM
to be 4.67 in the laser group on the fifth week of treatment,
whereas in the present study, the highest mean value of pain
was 2.69, in the sixth week of treatment. When compared with
the pain rating of the patients in placebo groups of phase III
studies, the low pain rating found in our study suggests that
the PBMT is capable of reducing the severity of pain reported
by the patients. Considering this result, further studies are

Table 6 Feeding pathway in the first and last days of radiotherapy

First day =~ Last day

(N (%)) (N (%))
Unrestricted diet 51(35.2) 24(16.5)
Restricted diet* 76 (52.4) 83 (57.3)
Enteral diet (nasogastric tube or gastrostomy) 18 (12.4)  38(26.2)

*Soft or liquid intake only

@ Springer

needed to determine if the use of prophylactic PBMT may
be correlated with reducing the need of opioid use and the
need of tube feeding, resulting in reduced cost of care and
improving the quality of life of these patients [28-30].

Although a number of interventions are available to relieve
pain associated with OM, there is weak evidence to support
one intervention over another. According to a recent Cochrane
review [31], randomized clinical trials designed to access the
efficacy of OM treatments are scarce and offer little clinical
guidance. In this context, our results, in terms of pain scores,
reinforce the potential of PBMT to prevent OM-related pain,
especially after the third week of treatment which is a time
point when increased oral pain is reported by patients [32].

Additional evidence of the benefits of PBMT to prevent
oral pain related to OM is evident in the smaller number of
subjects that required enteral feeding observed in the present
study (20 (13.8%)), when compared with existing literature
that shows rates of up to 35% of the patients requiring the
placement of enteral feeding tubes [23]. The institutional pro-
tocol for placement of a nasogastric tube is usually according
to the patients’ needs regarding poor nutritional intake due to
odynophagia or dysphagia. This lower percentage of patients
requiring enteral feeding is expected to be associated with
lower cost and improved quality of life during therapy, and
furthermore that return to improved function following treat-
ment would be facilitated [23].

Our findings suggest that the PBMT may offer the potential
to reduce the occurrence and severity of OM and associated
pain and reducing the use of enteral feeding and opioid anal-
gesic use. Although not usually reported by the literature, the
dorsal surface of the tongue, the retromolar trigone, and the
hard palate were often affected by OM, which suggests that
PBMT treatment should include these regions when included
in the high-dose radiation volume and provides an adequate
uniform dose to the at-risk oral mucosa tissues of advanced
OSCC patients. Nonetheless, future prospective randomized
controlled trials including keratinized mucosa sites in areas of
prophylactic PBMT application would be ideal to further
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validate these results and also improve the development of
new PBMT protocols for CRT-induced OM.

Limitations

The limitations of the present study include its retrospective
nature in that it was a single institutional trial and, most im-
portantly, it does not include a concurrent control group, as all
OSCC patients are treated at our institution with PBMT for
prevention of OM as routine standard of care. Because of the
retrospective nature of this study, we could not collect pain
outcomes specifically for each oral mucosa subsite. These
limitations may guide the design of future clinical prospective
studies.
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