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Abstract

Purpose The well-established clinical efficacy of photobiomodulation (PBM) therapy in management of oral mucositis (OM) is
leading to increasing use in oncology care. This protection and enhanced repair of damage to mucosal tissue have led to the
question of the potential effects of PBM therapy on pre-malignant and malignant cells. The purpose of this study was to examine
the outcome of cancer therapy and incidence of tumor recurrence in locally advanced oral squamous cell carcinoma (OSCC)
patients treated with PBM therapy for OM.

Methods A retrospective clinical analysis of 152 advanced OSCC patients treated with prophylactic PBM therapy for
radiotherapy-induced OM from January 2009 to December 2014 was conducted.

Results Ofthe 152 OSCC patients treated with PBM therapy in this study, 19 (12.5%) had stage Il and 133 (87.5%) had stage IV
tumors. Of these, 52 (34.2%) received initial treatment with surgery followed by adjuvant radiotherapy, 94 (61.8%) with
exclusive chemoradiation, and 6 (4%) with induction chemotherapy followed by surgery and radiotherapy. After a mean
follow-up of 40.84 (+11.71) months, the overall survival and disease-free survival rates were 46.7 and 51.8%, respectively.
Forty-five (29.6%) patients developed local-regional recurrence, 10 (6.57%) patients developed distant relapse, and 19 (12.5%)
developed new (second) primary tumors.

Conclusions Clinicopathological features and survival outcomes in the PBM-treated patients were similar to previously pub-
lished data for conventional treatments in patients with advanced OSCC. In this study, prophylactic use of PBM therapy did not
impact treatment outcomes of the primary cancer, recurrence or new primary tumors, or survival in advanced OSCC patients.
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Introduction

Photobiomodulation (PBM), previously known as low-
level light/laser therapy (LLLT), has been used for many
years to treat patients with a variety of diseases and con-
ditions. Due to its stimulatory biological effects, the po-
tential of PBM to promote malignant transformation or
tumor cell proliferation has been questioned. With the
growing popularity of this therapy, this appears to be a
key unresolved question [1]. The wavelengths used in
PBM therapy (visible and near-infrared) have non-
ionizing characteristics, and their low dose has been
shown to be incapable of inducing mutagenesis or
genotoxicity in vitro [2]. However, concern regarding
the potential for PBM therapy to stimulate malignant cell
proliferation in vivo remains to be investigated in the
clinical context.

Most of the PBM studies on tumor cells have been per-
formed in laboratory settings, and their results remain
equivocal [3-9]. In addition, in vitro cell culture-based stud-
ies do not account for effects of the tumor microenviron-
ment and immune system that play critical roles in vivo,
making it difficult to extrapolate laboratory experimental
results to human outcomes. Interestingly, a few animal stud-
ies have noted tumor-suppressing effects of PBM therapy
suggesting there maybe indirect, synergistic effects on tu-
mor cells or the host immunosurveillance system [3-9].

Oral mucositis (OM) is a severe complication of high-
dose radiation therapy and chemotherapy for head and
neck tumors that generates intense pain, interferes with
nutrition (need for parenteral nutritional support), in-
creases risk for local and systemic infections, result in
increased utilization of analgesics including opioids,
may lead to hospital admission, and affects overall prog-
nosis of cancer therapy [10]. The Multinational
Association of Supportive Care in Cancer (MASCC) and
International Society of Supportive Care in Cancer
(ISOO) have developed comprehensive evidence-based
mucositis management guidelines. In its most recent up-
date, PBM therapy is recommended as an effective ad-
junctive treatment in managing OM. This group recom-
mended that PBM be used to prevent OM in patients
receiving hematopoietic stem cell transplant conditioned
with high-dose chemotherapy, with or without total body
irradiation. The guidelines also suggest the use of PBM to
prevent OM in patients undergoing head and neck radio-
therapy [11]. Because of these recommendations and the
potential for broader use of PBM treatment, it is impera-
tive clinical safety of PBM therapy be documented.

Although PBM therapy has been used for many years
to prevent and treat OM in head and neck cancer pop-
ulations, there has been no attempt, to our knowledge,
examining its effects on clinical incidences of oral
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cancer recurrences or new oral cavity primary tumors.
The present study examined a single-center database
retrospectively to examine clinicopathological features,
treatment, and survival outcomes in locally advanced
oral squamous cell carcinoma (OSCC) patients treated
with radiotherapy, with or without chemotherapy that
used PBM therapy to prevent OM.

Methods
Study protocol

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 was conducted in
accordance with the Declaration of Helsinki. This retrospec-
tive, observational clinical study examined clinicopathologi-
cal features, treatments, and survival outcomes of locally ad-
vanced (stage III and IV, M0) OSCC patients. The data col-
lection followed the guideline for reporting observational
studies as per Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement [12]. The
study included data from a single institution (Sao Paulo
State Cancer Institute, ICESP, Brazil), from January 2009 to
December 2014.

Inclusion criteria

All subjects included in this study were treated with post-
surgical or cisplatin chemotherapy with concomitant ra-
diotherapy using a 6MV linear accelerator (Synergy
Platform, Elekta AB, Stockholm, Sweden). All included
subjects received the current institutional standard-of-care
PBM protocol (details below) for prevention of OM.

Exclusion criteria

Subjects who missed one or more radiotherapy sessions, che-
motherapy cycles, or PBM sessions were considered to have
received incomplete treatment and were excluded from the
study.

Clinical parameters and follow-up

The institutional electronic medical record system was
reviewed, and the following data were abstracted: age,
gender, tumor topography, alcohol consumption and
smoking habit, clinical cancer stage classification
(American Joint Committee on Cancer Staging System,
7th edition), and treatment modalities used in cancer
treatment, including total radiation dose prescribed to
the primary tumor volume (Gy). Patients were evaluated
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Table 1 Parameters for

photobiomodulation therapy used Wavelength 660 nm

in this study Average power 40 mW
Beam area 0.04 cm?
Irradiance 1 W/em?
Time per point 10s
Energy 0417
Fluence 10 J/em?

clinically every 3 months and with imaging using com-
puted tomography and ultrasonography 12 months after
completing therapy. The outcomes of therapy were re-
corded, as well as any clinical evidence of new poten-
tially malignant or malignant lesions in the oral cavity
or regional sites. The time that patients were followed
post-radiation therapy was recorded. Overall survival
(OS) rate, disease-free survival (DFS) rate, the incidence
of recurrences (local-regional and distant relapse rates),
or new (second) primary tumors were used as primary
outcome measures.

Fig. 1 Clinical images demonstrating intraoral photobiomodulation
therapy protocol at our center. The laser probe is represented by the red
circles at seven distinct sites on the oral mucosa including oral
commissures (a), labial mucosae (b, ¢), lateral borders of the tongue (d,

Photobiomodulation protocol

PBM therapy is the standard of care for OM prevention at
the study center, and all patients subjected to radiotherapy
for oral cavity cancers receive PBM treatment prophylac-
tically. All patients underwent full oral examination and
comprehensive dental treatment before beginning radio-
therapy. Trained dentists administered PBM therapy on
an outpatient basis and treatment consisted of daily appli-
cations for 5 consecutive days (Monday to Friday)
throughout radiation therapy, immediately before each ra-
diotherapy session. All patients were treated by a Twin
Flex (MMOptics, Sdo Carlos, Brazil) PBM device.
Details of PBM parameters used are described in
Table 1. During each intraoral PBM session, the treatment
probe was turned on when positioned perpendicular to
several points of seven different oral mucosa sites, 10 s
per point (Fig. 1). These sites included the oral commis-
sures (1 point for each commissure), lips mucosae (3
points for each lip), buccal mucosae (3 points for each
side), lateral borders of the tongue (3 points for each
side), ventral tongue (2 points), anterior floor of the

e), ventral tongue (f), anterior floor of the mouth (f), buccal mucosae (g,
H), and soft palate (i). PBM therapy was not delivered over active tumor
area (e)
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mouth (2 points), and soft palate (2 points). PBM therapy
was never delivered over an active tumor site. When tu-
mors were surgically removed prior to radiation, the laser
probe was activated over the entire surgical site.

Oral mucositis assessments

Participants were assessed for OM at baseline (first day of
radiotherapy), then daily (excluding weekends) until the last
day of therapy. OM was graded using the Common
Terminology Criteria for Adverse Events, National Cancer
Institute (CTAE, Version 4.0, 2010). PBM sessions were doc-
umented daily in electronic medical records by dentists who
performed full oral examinations and OM assessments.

Statistical analysis

Data obtained in the study were analyzed statistically with
SAS software version 9.3 (SAS Institute Inc., Cary, N.C.,
USA) by using descriptive statistics. Results were expressed
as mean values, standard deviation, and percentages.
Clinicopathologic results, treatment outcomes, and survival
data were compared with previously published randomized
controlled trials including survival rates of advanced OSCC
patients treated with multimodal therapy.

Results

From a total of 413 patients potentially eligible for the analy-
sis, 152 (36.8%) cases of histologically confirmed OSCC pa-
tients who had received PBM therapy for OM prevention met
the inclusion criteria and were included in this study.
Clinicopathologic patient characteristics, treatment modali-
ties, and survival outcomes are summarized in Table 2. The
mean age was 59.2 years, and there were more men (74.3%)
than women (25.7%). Most patients were diagnosed with pri-
mary lateral border of the tongue (46%) squamous cell carci-
nomas, followed by the floor of the mouth (17.1%) and
retromolar area (9.9%). All patients presented with local-
regionally advanced disease, of which 19 (12.5%) were clas-
sified as stage III and 133 (87.5%) as stage IV. Of these pa-
tients, 52 (34.2%) received initial treatment with surgery
followed by adjuvant radiotherapy, 94 (61.8%) were treated
with chemoradiation, and 6 (4%) with induction chemothera-
py followed by surgery and radiotherapy.

All patients were subjected to clinical postoperative or
cisplatin-associated radiation protocols. Radiation volumes
encompassed the primary site and areas of lymph nodes at
risk and received cumulative doses that ranged from 60 to
70 Gy (2 Gy/day; 5 days/week from Monday to Friday). Six
patients (4%) received induction chemotherapy with paclitax-
el 175 mg/m? combined with cisplatin 75 mg/m>
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intravenously repeating every 21 days (TP regimen); 94
(61.8%) patients received concomitant chemotherapy based
on cisplatin 100 mg/m?* on days 1, 22, and 43 of radiotherapy
(CDDP regimen), and 52 (34. 2%) patients received post-
surgical radiotherapy.

Systematic examination of the oral mucosa was performed
daily before each intraoral PBM session and failed to detect
any evidence of new potentially malignant or malignant le-
sions in the oral cavity or regional sites during the PBM pro-
tocol (Fig. 2). After a mean follow-up 0f40.8 (& 11.7) months,
the OS and DFS rates were 46.7 and 51.8%, respectively.
Forty-five (29. 6%) patients developed local-regional recur-
rence, 10 (6.6%) patients developed distant relapse, and 19
(12. 5%) patients developed new (second) primary tumors
(Table 2). All patients experienced some grade of OM during
the treatment period. The appearance of severe mucositis
(grades 3/4) was delayed to the last 2 weeks of treatment.

Table 2 Clinicopathological features and survival outcomes of 152
patients with advanced oral squamous cell carcinoma patients treated
with photobiomodulation to prevent oral mucositis

Age (mean) 59.2 years
Gender
Male 114 (74.3%)
Female 38 (25.7%)
Tumor topography
Tongue (lateral border) 70 (46%)
Floor of mouth 26 (17.1%)
Retromolar area 15 (9.9%)
Lower lip 4 (2.7%)
Soft palate 24 (15.8%)
Gingiva 5(3.3%)
Buccal mucosa 4 (2.6%)
Oropharynx with oral extension 4 (2.6%)

Risk factors

Tobacco 131 (86.2%)
Alcohol 126 (82.9%)
Clinical stage
Stage 111 19 (12.5%)
Stage IV 133 (87.5%)
Treatment
Surgery + radiotherapy 52 (34.2%)
Chemoradiation 94 (61.8%)
Induction chemotherapy + surgery/radiotherapy 6 (4%)
Survival
Follow-up (mean, months) 40.8 (£11.7)
Overall survival rate 46.7%
Disease-free survival rate 51.8%
Local-regional recurrence 45 (29.6%)
Distant relapse 10 (6.6%)
Second primary tumors 19 (12.5%)
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Fig. 2 Clinical images for the use
of photobiomodulation therapy to
prevent oral mucositis. The top
images show the frontal (a) and
lateral (b) views of a locally
advanced tongue squamous cell
carcinoma prior to beginning of
chemoradiation. The bottom
images show frontal (c) and
lateral (d) views demonstrating
complete clinical resolution of the
primary tumor after the
conclusion of last session of
radiation treatment

The incidence of grade 3 and grade 4 mucositis in the last
week of radiotherapy was 23 and 1%, respectively.

Discussion

This was a retrospective, single-center study examining 152
patients with locally advanced OSCC patients treated with
PBM to prevent OM. Despite aggressive cancer treatment
protocols, after a mean follow-up time of 40.8 (=11.7)
months, OS and DFS rates in the current series were only
46.7 and 51.8%, respectively. The survival outcomes of the
present study compare favorably with those reported in the
literature where OS rates ranged from 42 to 73% and DFS

rates ranged from 45 to 85% (Table 3) [17-20]. Similarly,
recent reports described local-regional recurrence rates that
ranged from 10 to 34% [21] as reported in this study as well
(29.6%) and represented the most frequent cause of treatment
failure. Distant failure rates (6.6%) were in accordance with
previous randomized clinical trials in which the incidence of
distant metastasis has ranged from 5 to 12.9% [20]. The inci-
dence of new (second) primary tumors observed in the current
series (12.5%) was also comparable with that of previous clin-
ical studies, which found an approximate incidence of 15% in
all stages of OSCC [18].

The demographic characteristics of the patients included in
this study were also similar to those of other OSCC series and
mainly composed of elderly male patients with a history of

Table 3 Summary of results reported in the literature from randomized controlled trials including treatment outcomes and survival rates of patients

with oral squamous cell carcinoma treated with multimodal therapy. OS overall survival, DFS disease-free survival, CT chemotherapy, y year

Author Year No. patients ~ Stage OS% DFS% Local-regional  Distant Second
relapse relapse primaries

Licitra et al. 2003 [13]  1989-1999 195 I-1v 57% (5y) - 31% 6.1% 8.2%

Including CT 68.2% (2'y) 63.6% (2y) 30.5% 8.7% -

Excluding CT

Zhong et al. 2013 [14]  2008-2010 256 IIT or IVA

Including CT 68.8% (2'y) 62.2% (2'y) 31.3% 5.5% -

Excluding CT 68.2% (2 y) 63.6% (2y) 30.5% 8.7% -

Bossi et al. 2014 [15] - 198 -1v

Including CT 46.5% (10y)  485% (10y)  29.6% (10y) 41% (10y) 10.6%

Excluding CT 37.7% (10y)  36% (10y) 32% (10y) 93% (10y) 22.1%

Zhong et al. 2015 [16] 20082015 256 III or IVA

Including CT 61.1% (5y) 52.7% (S'y) 31.3% 7% 3.1%

Excluding CT 61.1% (5y) 52.7% (5 y) 39.1% 10.9% 7%

Current series 20092014 152 -1v 46.7% (3.4y) 51.8% (34y) 29.6% 6.57% 12.5%
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tobacco and alcohol consumption [14, 18, 19]. The treatment
approaches used in this study were similar to those used at
most major oncology centers that include surgery followed by
radiotherapy and chemotherapy in case of high-risk patholog-
ical features or primary chemotherapy and radiation for pa-
tients whose tumors are technically or functionally
unresectable [20]. All patients included in the present study
were managed with postoperative radiotherapy or cisplatin-
associated chemo-radiation protocols.

Multiple primary tumors can arise by “field cancerization”
in which the oral and oropharyngeal mucosa have been
preconditioned by long-term exposure to tobacco and
alcohol-related carcinogens. As a consequence, multiple car-
cinomas may develop as a result of independent or additional
mutations. Results of the present study suggest that PBM ther-
apy is not capable of promoting mutagenesis in clonally relat-
ed dormant tumor cells. Thus, PBM therapy does not appear
to increase risk of recurrent or new primary tumors within the
treatment field [1]. Despite the aggressive multi-modality ther-
apy noted in this study, disease outcomes have remained poor
as noted with high incidences (87.5%) of stage IV tumors.
Long-term overall survival and tumor control rates still remain
unsatisfactory in advanced OSCC and remain a challenging
disease to treat effectively [21, 22]. A summary of results
reported in the literature from randomized controlled trials
on treatments and survival outcomes in patients with OSCC
is presented in Table 3. These analyses showed treatment with
multimodal therapy, and disease outcomes do not demonstrate
a significant difference compared to results from the current
series that had additional PBM therapy.

Our study failed to identify discrete relationship between
the PBM protocol used for preventing OM and increased rates
of local-regional recurrences, distant failures, new (second)
primary tumors, and, finally reduced OS or DFS. Similarly,
no evidence of malignant transformation of potentially malig-
nant lesions, such as oral leukoplakia or erythroplakia, was
identified in the oral cavity or regional sites during the PBM
sessions. It should be noted that the current PBM protocol
followed previous suggestions for higher dose administration
for increased efficacy in reducing incidence of grade 3 (23%)
and grade 4 (1%) mucositis compared to prior clinical studies
[23]. A review of the current literature noted one prior con-
trolled, human study with long-term follow-up of 94 patients
with nasopharynx, oropharynx, and hypopharynx tumors
[24]. The authors noted PBM therapy appeared to improve
survival outcomes in head and neck cancer patients treated
with chemoradiation. The authors attribute these to the im-
proved quality of life enabling compliance with cancer treat-
ment regimens as well as better overall general health likely
leading to improved response to therapy.

The lack of deleterious effects of PBM therapy upon tumor
recurrence rates or patient survival should be interpreted with
caution given the small number of patients as well as the
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retrospective nature of this study. In addition, the current study
did not include a concurrent control group as all OSCC pa-
tients are treated at our institution with PBM for prevention of
OM as routine standard of care. We attempted to address this
issue by comparing the results of this study with previously
published, randomized controlled trials that included treat-
ment and survival outcomes of patients with OSCC treated
with multimodal therapy. Therefore, the present findings
should be considered hypothesis-generating rather than con-
crete proof of PBM safety and can be used to design definitive
clinical studies in the future.

In summary, this retrospective analysis examined treatment
outcomes in advanced OSCC patients that were treated with
PBM for prevention of OM. The results of this study noted
PBM did not impact incidence of local-regional or distant
control and survival outcomes in OSCC patients compared
to conventional interventions alone. This study suggests that
PBM therapy is a safe clinical modality for prevention of OM
in OSCC patients. Future prospective, randomized controlled
trials would be ideal to further validate these results.
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