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Abstract
Objectives This study aimed to assess the cost-effectiveness of photobiomodulation therapy (PBMT) in association with a
Preventive Oral Care Program (POCP) compared with POCP alone in the treatment of radiotherapy (RT)-induced oral mucositis
(OM).
Methods The cost-effectiveness was evaluated from the health provider perspective and conducted alongside a randomized,
double-blind clinical trial. Participants were randomly assigned to either PBMT (n = 25) or control (n = 23) group. The PBMT
group participants received PBMT associated with POCP. In the control group, patients were submitted to POCP alone. Costs
were identified, quantified, and valued through observation and consultation of the hospital’s financial sector database and
estimated in Brazilian real and converted to international dollars using the purchasing power parity exchange rate. The incre-
mental cost-effectiveness ratio (ICER) was estimated by considering the prevention of severe OM, interruption of RT, and oral
health-related quality of life (OHRQoL) scores, measured by the OHIP-14 and patient-reported OM symptoms scale (PROMS).
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Results The incremental cost of PBMTwas $857.35, and the cost per session was $25.69. The ICERwas $ 2867.39 to avoid one
case of severe OM and $ 2756.75 to prevent one interruption in RT due to OM. ICER to reduce 1 point in OHIP-14 and PROMS
scores were $170.79 and $31.75, respectively.
Conclusion PBMT is more cost-effective than POCP alone in preventing severe OM, worsening of the OHRQoL, and RT
interruptions. PBMT is a promising therapy, especially to avoid interruptions in oncological treatment.
Trial registration ReBEC-RBR-5h4y4n

Keywords Oralmucositis . Photobiomodulation therapy . Low-level laser . Cost-effectiveness . Quality of life

Introduction

Oral mucositis (OM) is one of the main adverse effects of
radiotherapy (RT), whether or not associated with chemother-
apy (CT), in the treatment of head and neck cancer (HNC).
OM is an inflammatory reaction that can affect the entire oral
cavity and the gastrointestinal tract [1, 2], and its severity
depends on the dose and number of RT sessions [3–5].
Severe OM is often associated with severe pain, increased
number of consultations, hospitalizations, treatment interrup-
tion, and need for supplemental nutrition. These events could
influence patient survival, reduce the patient’s quality of life,
and increase HNC treatment cost [6–12].

Along with the impacts on the patient’s clinical condition
and treatment regimen, OM has also meaningful economic
implications for the healthcare system. For instance, at a cu-
mulative RT dose of 10 Gy, patients may need topical pallia-
tive agents or nonsteroidal anti-inflammatory drugs (NSAIDs)
to relieve OM symptoms [5]. It is estimated that OM also leads
to a significant increase in the HNC treatment cost, ranging
from US$1700 to more than US$40,000, depending on the
severity and treatment approach [6, 9, 13]. Increased costs
are attributed to increased use of hospital resources, days of
hospitalization, and opioid use [14].

Nevertheless, the use of photobiomodulation therapy
(PBMT) is reported to reduce incremental costs due to the
incidence of severe OM. Bezinelli et al. [10] reported a reduc-
tion of up to 30% in overall costs of hematopoietic stem cell
transplantation for patients who received PBMT used to pre-
vent and minimize the risk of severe OM. This therapy is
recognized as being patient-friendly and well-tolerated, espe-
cially to patients who are unable to be submitted to other
modalities, such as mouthwashes [15]. In addition, no side
effects associated with PBMT are described, except for situa-
tions of nonpainful burning sensation. Despite its safety and
efficacy, the decision-making of choosing PBMT inOM treat-
ment should consider other issues, such as the cost of the laser
device, the need for a license to perform PBMT, dental staff
working time, a specific setting for the therapy, and local
regulations [15].

However, few studies assessed the economic aspects of the
use of PBMT as an adjuvant intervention for the management
of OM in HNC treatment. Antunes et al. [14] evaluated the

cost-effectiveness of using PBMT for the prevention of severe
OM in HNC patients receiving RT concurrent with CT, from
the perspective of the Brazilian public health system. Results
showed that PBMT had an incremental cost of US$1689 com-
pared with a control group (sham laser beam), and an incre-
mental cost-effectiveness ratio (ICER) of US$4961.37 per ad-
ditional grade 3–4 OM (severe OM) event prevented. They
also recommended further studies to assess the economic im-
pacts of PBMT on patient quality of life outcomes, as a result
of the management of OM [14].

There is a need for studies assessing whether it is worth
including PBMT as an adjuvant treatment for prevention and
control of OM, as well as its impacts on patient-centered out-
comes and clinical symptoms. Therefore, this randomized
clinical trial aimed to assess the effects of the PBMT associ-
ated with standard preventive oral care compared with a pre-
ventive oral care program alone in preventing severe OM in
patients with HNC receiving RT or combined chemoradio-
therapy. Additionally, we assessed the impacts of PBMT on
changes in patient’s oral health-related quality of life and se-
verity of oral symptoms related to OMduring the RT regimen.
Finally, a trial-based cost-effectiveness analysis was per-
formed to assess the economic impacts of introducing the
PBMT in private healthcare settings as a complementary treat-
ment for the prevention and control of OM.

Materials and methods

This is a randomized, double-blind, placebo-controlled clini-
cal trial that included a cost-effectiveness analysis. A detailed
description of the study protocol is published elsewhere [16].
The study protocol was approved by the Ethics Research
Committees of the Federal University of Goias, Brazil
(Protocol 2.053.687/2017) and the Araujo Jorge Cancer
Hospital (Protocol 2.131.323/2017). All participants provided
signed, informed consent to participate in the study. The study
was also previously registered at the Brazilian Clinical Trials
Registry (REBEC; RBR-5h4y4n).

The study setting was the dental care service of a cancer
hospital, which includes a dental office and a waiting room,
and a dental staff comprising a trained dentist in PBMT and a
dental assistant.
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Participants

Participants of this study were regular patients of the HNC
service of the Araujo Jorge Cancer Hospital in Goiania,
Brazil, who were recruited between July 2017 and
June 2019. The study interventions and data collection were
finished in October 2019.

The prescribed HNC treatment for all participants included
conventional RT, 2 Gy/day, five times a week, associated or
not with CT. HNC patients with tumors located in the oral
cavity, oropharynx, nasopharynx, and with advanced stages
of laryngeal tumors were included. All included participants
were aged ≥ 18 years, of both genders, and received a minimal
overall RT dose of 50 Gy. The exclusion criteria comprise
potential confounding conditions that could potentially affect
the study results. These criteria are applied in case of potential
study participants who meet the inclusion criteria but present
additional characteristics not related to the study that could
interfere with the success of the interventions or increase their
risk of an unfavorable outcome.

Thus, the exclusion criteria comprised the presence of sal-
ivary gland disorders (Sjögren syndrome or salivary gland
tumors), presence of infectious diseases, or previous treatment
with CT or RT in the head and neck area. Additionally, pa-
tients under palliative care or those diagnosed as having lym-
phoma or melanoma, skin cancer, were also excluded.
Additionally, patients under palliative care or those diagnosed
as having lymphoma or melanoma, skin cancer, were
excluded.

Clinical, demographic, and pathological data were re-
trieved from the patient’s medical records.

Sample size estimation was performed considering
the incidence of severe OM in patients that were sub-
mitted to PBMT and control groups, according to data
retrieved from a systematic review [17]. The following
parameters were used for sample size calculation: 5%
significance level, a study power of 80%, and a 1.0
ratio of unexposed/exposed. An incidence of severe
OM of 60% for the control group and 20% for the
PBMT group was considered the between-group differ-
ence for sample size estimation.

Study groups

The participants were randomly assigned to one of the two
study groups: (I) control group—Preventive Oral Care
Protocol (POCP) and (II) experimental group—PBMT com-
bined with POCP.

I. Control group (POCP)

The participants of this group received standard preventive
oral care (POCP) [18] that comprised elimination of infection

focuses, prescription of fluoride rinse 0.05% three times a day,
chlorhexidine 0.12% rinse (diluted in water in a 1:1 propor-
tion) three times a day, the recommendation to drink at least
1.5 L of water, and maintenance of good oral hygiene. The use
of oral ointment containing a corticoid (topical triamcinolone
acetonide, 3 times/day) was prescribed in case of the occur-
rence of OM.

The patients also received a sham laser procedure, 5 times a
week. The laser equipment was turned on, and the character-
istic sound of the laser device was emitted, but the laser was
not irradiated. At the end of RT or when RT was suspended
because of severe OM, the patients in this group received
PBMT as an adjuvant treatment.

II. Experimental group (PBMT)

Participants assigned to this group received the stan-
dard POCP similarly to the control group, associated
with the PBMT protocol, which was delivered 5 times
a week between the RT sessions, using an InGaAlP
diode laser (Twin Flex Evolution Laser, MMOptics,
São Paulo, Brazil).

PBMT parameters were as follows: use of a red laser
(660 nm), with a power of 25 mW and deposited energy of
0.25 J per point, or 6.2 J/cm2, for 10 s; the daily energy applied
was 15.25 J. The laser was applied in a continuous mode and
punctual and perpendicular in contact with the mucosa; how-
ever, the laser was not irradiated in the surgical bed of tumoral
resection or near a malignant lesion, if observed. The anatom-
ical points considered for PBMT were according to the study
by Oton-Leite et al. [12].

Randomization and blinding/masking

A simple randomization scheme, considering a 1:1 allo-
cation ratio, was produced using a computer-based ran-
dom number generator (www.randomizer.org). The
randomiza t ion sequence was genera ted by an
independent collaborator who was blinded to the study
groups. The use of letters A and B determined the
group (A = PBMT; B = control). Subsequently, the
sequence of the assigned groups was concealed in
consecutively numbered envelopes. In the first PBMT
appointment, immediately before the first RT session,
the respective research assistant opened the envelope
and allocated the patient to the assigned group. All
participants were blinded to their assigned group since
all the procedures were similar in both groups, except
for the use of real or sham laser beam when using the
PBMT equipment. Additionally, OM assessment was
per formed by one researcher on the bas is of
photographs of the patients to assure blinding in OM
assessment.
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Outcomes

Oral mucositis

OM was classified according to the World Health
Organization (WHO) [19] and the National Cancer Institute
(NCI) scales [20]. The WHO classification scale rates OM on
a 5-point ordinal scale ranging from 0 to 4, as follows: “0”—
no signs or symptoms; “1”—oral soreness and erythema;
“2”—erythema, ulcer, both solid, and liquid diets tolerated;
“3”—ulcers and liquid diet only; and “4”—oral feeding is
impossible. The NCI scale rates OM on a 6-point ordinal scale
ranging from 0 to 5, where “0”—no visible alterations; “1”—
asymptomatic or mild symptoms (intervention not indicated);
“2”—moderate pain or ulcer that does not interfere with the
oral intake (modified diet indicated); “3”—severe pain (inter-
fering with oral intake); “4”—life-threatening consequences
(urgent intervention indicated); and “5”—death.

Patients with grades 3 or 4 OM according to the WHO
scale and grades 3, 4, or 5 OM according to the NCI scale
were considered having severe OM. The number needed
to treat (NNT) was calculated considering the two scales
(WHO and NCI). For the rating of OM scores, one mem-
ber of the research team was previously trained and cali-
brated using clinical photographs of ten patients with OM
who were not included in the study. Two repeated assess-
ments were carried out separated by a 90-day time inter-
val. The overall agreement (weighted kappa statistics) for
the two scales was 87.5%.

The diagnosis of OM severity was based on the as-
sessment of intraoral pictures of the patients (labial and
buccal mucosa, hard and soft palate, lateral surface of
the tongue, and floor of mouth) at the first appointment
and at the 7th, 14th, 21st, and 30th RT sessions.
Dietary information registered in non-identified clinical
records was provided to the evaluator.

Oral health-related quality of life

Oral health-related quality of life (OHRQoL) was
assessed using the shortened version of the Oral
Health Impact Profile (OHIP-14) previously translated,
adapted, and validated for Brazilian Portuguese [21,
22]. Additionally, patient-reported symptoms related to
OM were assessed using the Brazilian version of the
Patient-Reported Oral Mucositis Symptoms (PROMS)
scale [18, 23]. The summative score of the scale items
was considered the PROMS score. Both questionnaires
(OHIP-14 and PROMS) were administered at baseline
(before the first appointment) and at the 30th RT ses-
sion. The difference between the scores of the first and
the last evaluations was considered the measure of ef-
fectiveness for the OHRQoL and PROMS scales.

Economic analysis

For this study, the economic analysis was performed from the
perspective of the health provider. We considered the costs
associated with the PBMT protocol and the costs associated
with the incidence of severe OM. Personnel costs were limited
to the dentist, as hired only for performing the PBMT. The
time frame considered for economic evaluation was the RT
period. The CHEERS (Consolidated Health Economic
Evaluation Reporting Standards) checklist was used for the
planning and reporting of the economic analysis of this study.
This study was based on a previous cost-effectiveness analysis
[14].

Cost estimation

PBMT costs included the direct costs of resources associated
with the use of PBMT to prevent/treat OM during the RT
regimen. Variable cost items included consumables (70% eth-
anol, gauze, procedure glove, etc.), and fixed costs included
the income of the dental staff and equivalent annual cost
(EAC) of the laser equipment. EAC of the laser equipment
was calculated by considering a 5% discount rate and a 5-year
use.

The clinical time for each PBMT session was registered,
and the number of daily appointments was retrieved from the
patient’s records. The average cost per PBMT session was
calculated as the sum of the variable and fixed annual costs
divided by the total number of PBMT sessions provided in a
1-year period. For this calculation, we estimated a total of 251
working days a year and an average number of 10 patients
receiving PBMT per day. The personnel cost was based on the
salary of the members of the staff, informed by the adminis-
tration of the hospital.

Data on consumable costs were retrieved from the purchas-
ing department of the hospital, whereas data on the cost of the
laser equipment was calculated based on the mean market
price.

We assumed that the costs of RT, CT, and POCP-related
procedures were similar in both groups and were not consid-
ered for analysis. Indirect costs related to wider societal costs
(e.g., loss of productivity resulting from treatment and family
costs) and other capital costs or those associated with the
implementation of the dental care service were also not
considered.

The additional costs related to the occurrence of se-
vere OM were also calculated. It included visits to the
emergency service and hospitalizations, consumable
items, medication (nonsteroidal analgesics, corticoids,
opioid analgesics), and advanced additional procedures
such as nasoenteral intubation, electrolyte replacement,
and parenteral nutrition. These data were retrieved from
the patient’s medical records.
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The detailed description of cost items and methods used for
quantification, cost estimation, and source of valuing the
PBMT and OM-related costs are described in the
Supplementary Material. All costs were estimated in
Brazilian currency (Brazilian real, BRL) and later converted
to international dollars. The international dollar is a hypothet-
ical currency that allows comparisons of costs from one coun-
try to the other, using the US dollar as reference [24].
Monetary values in Brazilian currency were converted into
international dollars using the Purchasing Power Parity
(PPP) exchange rate for the year 2018, which was 2.03 ($ 1
PPP = $ 2.03 BRL) [25].

Cost-effectiveness analysis

The percent of severe degrees of OM that was avoided, in both
groups, was considered the measure of effectiveness for the
calculation of the ICER. ICER was calculated by dividing the
difference in costs (cost2 − cost1) by the difference in the
incidence of non-severe OM between the two groups (effec-
tiveness2 − effectiveness1), where “1” is the standard inter-
vention (control) and “2” is the experimental intervention
(PBMT group). Thus, ICER value represents the incremental
cost to avoid the occurrence of one case of severe OM using
PBMT; this calculation was based on previous study [14].

Additionally, ICER was also calculated considering
the patient-reported outcomes as the measure of effec-
tiveness, representing the incremental cost to avoid a 1-
point reduction in the OHRQoL measure. Two different
ICERs were calculated considering the scores of each
instrument (OHIP-14 and PROMS). Finally, an ICER
was calculated considering the prevention of RT inter-
ruption due to OM-related symptoms. This information
was retrieved from patients’ forms.

A tree-type decision diagram was constructed to represent
all clinically relevant events, assuming that OM is an acute,
short-term condition that does not recur over time, due to these
characteristics [5]. The graphical model of the decision tree
described the decisions and their possible outcomes. The de-
cision nodes (square node) represent the two competing inter-
ventions (control and PBMT groups), the chance nodes (circle
node) represent the chances of occurrence of a specific out-
come, and the terminal nodes (triangle node) depict the out-
comes of the decision-making process.

Sensitivity analysis

Furthermore, a one-way sensitivity analysis was performed to
verify the uncertainty of the parameters associated with
PBMT, by varying one value in the model by a given amount
and then examining the impact that the change has on the
model’s results.We tested the effects of both varying the costs
and the effectiveness parameters of the model. Since POCP

was similar in both groups, the variations in parameters were
performed only for the PBMT group.

For the variation in cost of the dental staff, the variation of
the average salary in Brazil, ranging from the highest (+ 28%)
to lowest (− 12.9%) values was included. For the variation in
drug prices, a ± 17% variation in the reference prices in the
Drug Price List of the National Health Surveillance Agency of
Brazil (ANVISA) was considered. For the variation in effec-
tiveness regarding OM incidence, data from a systematic re-
view by Oberoi et al. [17] were used, considering the 95%
confidence interval limits of the relative risk of the incidence
of severe OM in patients who underwent PBMT (RR = 0.37;
95%CI = 0.20–0.67). For the OHRQoL measurements, the
interquartile range was applied—the first (Q25) and the third
(Q75) quartiles were considered for the best and worst scenar-
ios, respectively.

Statistical analysis

Pearson chi-square test for categorical variables was used to
compare the clinical and demographic characteristics of the
participants between groups, and to compare the OM severity
scores (severe vs non-severe OM). The Mann-Whitney test
was used to test between-group differences in OHRQoL
scores between groups, and the Wilcoxon test was used to test
within-group changes at the RT stages compared with base-
line. Statistically significant differences were set when
p < 0.05. All statistical analyses were performed using the
IBM SPSS 20.0 statistical package (SPSS Inc., Chicago, IL,
USA). Cost analyses, ICER calculation, and sensitivity anal-
ysis were performed using Microsoft Office Excel (Microsoft,
Albuquerquer, NM, USA).

Results

A total of 71 participants who were recruited for the study
were randomized to the two intervention groups. However,
outcomes were analyzed for 48 patients who completed the
follow-up in the PBMT group (n = 25) and the control group
(n = 23). The detailed flowchart of the study, according to the
CONSORT guidelines [26] for reporting of randomized clin-
ical trials, is provided in Fig. 1. The clinical and pathological
data are presented in Table 1.

Prevention of severe OM

Considering the prevention of new-onset severe OM (WHO
scale) as a measure of treatment effectiveness, 16 patients of
the PBMT group (64.0%) and 8 of the control group (34.8%)
did not have severe OM. According to the NCI classification,
56% (n = 14) of the PBMT group and 26.1% (n = 6) of the
control group did not have severe OM. NNT was 3.4 and 3.3
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for WHO and NCI scales, respectively. No side effects or
harms related to PBMT or POCP were observed. PMBT
group presented lower incidences of severe OM compared
with the control group at the 21st and 30th RT sessions for
both the WHO and NCI scales (Fig. 2).

RT interruption

RT was interrupted due to severe OM for 2 (8%) patients in
the PBMT group and 9 (39.1%) patients in the control group
(p = 0.010). In the PBMT group, one interruption occurred in
the second week (between the 7th and 14th RT sessions) and
other in the third week (between the 21st and 30th RT ses-
sions). In the control group, RT interruptions occurred in the
second (n = 2), third (n = 4), and in the final week (n = 2) of
the RT regimen. One patient had two RT interruptions in the
first and last weeks.

Oral health-related quality of life

In the PBMT group, the OHIP-14 median score was 1.32 at
the first appointment (0 RT) and increased to 3.78 in the 30th
session (p = 0.05). While in the control group, median score at
the first appointment (0 RT) was 0.49 and on the 30th was
9.76 (p = 0.001). Statistically significant difference was ob-
served between the PBMT and control groups at the 30th
RT session (p = 0.006).

The total variation of OHRQoL was 1.96 and 6.98 in the
PBMT and control groups, respectively (p = 0.01).

Concerning the PROMS scale, there was a statistically sig-
nificant difference (p < 0.001) in the PBMT group between
baseline (median = 0) and final (median = 24) scores. In the
control group, the baseline median PROMS score was 0, and
it increased to 38.8 at the 30th RT session (p < 0.001).
Although patients in the control group reported worse symp-
toms in the last evaluation, the difference did not reach statis-
tical significance (p = 0.06).

The total variation in the OM patient-reported symptoms
was 11 in the PBMT group and 38 in the control group (p =
0.03) (Supplementary Table 1).

Costs

The average cost of the laser equipment was $3349.75 with an
EAC of $773.71. The cost related to the PBMT license was
$1418.72. The items, services, and equipment used to calcu-
late PBMT costs are presented in Supplementary Table 2.

To calculate the cost of one PBMT session, the average
time of one PBMT session was 12.56 min/patient.
Considering the fixed and variable costs, the cost of each
PBMT session was $25.69. The cost of the entire therapy
ranged from $774.50 to 1032.67. Each patient received ap-
proximately 35 PBMT sessions, resulting in an average cost of
$900.16 per patient.

Fig. 1 Flowchart of the study
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Additional interventions due to OM involved the use of
nasoenteral tubes, opioids, NSAIDs, corticosteroids, electro-
lyte replacement agents, and polyvitamins. Only one patient in
the control group required hospitalization. There was no dif-
ference between the groups regarding the number of patients
requiring additional interventions (p = 0.39). Four patients

(16%) from the PBMT group required complementary inter-
ventions due to OM, with an average cost of $27.44 PPP,
ranging from $11.38 to $56.45. Six patients (26.1%) from
the control group required additional interventions. The aver-
age cost of these interventions was $185.17 (range =
$12.83–$745.08). Considering all patients from both groups,

Table 1 Clinical and pathological data of participants (percent in parenthesis)

Total n (%) PBMT n (%) Control n (%) p value

Sex Female 7 (14.6) 5 (20.0) 2 (8.7) 0.26
Male 41 (85.4) 20 (80.0) 21 (91.3)

Age in years—mean (SD) 59.75 ± 11.69 60.32 ± 9.76 59.13 ± 13.68 0.32

Location Oral mucosaa 2 (4.2) 1 (4.0) 1 (4.3) 0.51
Hard palate 1 (2.1) - 1 (4.3)

Tongue 7 (14.6) 3 (12.0) 4 (17.4)

Floor of the mouth 2 (4.2) 1 (4.0) 1 (4.3)

Tongue base 26 (54.2) 16 (64.0) 10 (43.5)

Rhinopharynx 1 (2.1) - 1 (4.3)

Hypopharynx 5 (10.4) 1 (4.0) 4 (17.4)

Glottis and supraglottis 4 (8.3) 3 (12.0) 1 (4.3)

Size (T) T1 2 (4.2) 1 (4.0) 1 (4.3) 0.79
T2 10 (20.8) 5 (20.0) 5 (21.7)

T3 18 (37.5) 8 (32.0) 10 (43.5)

T4 18 (37.5) 11 (44.0) 7 (30.4)

Nodal metastasis (N) N0 23 (47.9) 10 (40.0) 13 (56.5) 0.22
N1 6 (12.5) 2 (8.0) 4 (17.4)

N2 13 (27.1) 8 (32.0) 5 (21.7)

N3 6 (12.5) 5 (20.0) 1 (4.3)

Distant metastasis (M) M0 44 (91.7) 23 (92.0) 21 (91.3) 0.51
M1 1 (2.1) - 1 (4.3)

MX 3 (6.2) 2 (8%) 1 (4.3)

Adjuvant CTb Yes 6 (12.5) 3 (12.0) 3 (13.0) 0.56
No 42 (87.5) 22 (88.0) 20 (87.0)

Neoadjuvant CT No 45 (93.8) 23 (92) 22 (95.7) 0.23
DXT 1 (2.1) - 1 (4.3)

TPF 2 (4.2) 2 (8.0) -

RT dose (Gy)—mean (SD) 63.88 (± 14.24) 66.88 (± 4.28) 60.61 (± 19.79) 0.13

RT type 2D 4 (8.3) 3 (12.0) 1 (4.3) 0.33
3D 44 (91.7) 22 (88.0) 22 (95.7)

Medicationsc Antihypertensive 10 (25.6) 4 (20) 6 (31.6) 0.41

Antidepressive 2 (5.1) - 2 (10.5) -

Multidisciplinary support team (yes) Nutritionist 28 (58.3) 15 (60.0) 13 (56.5) 0.81

Psychologist 19 (39.6) 9 (36.0) 10 (43.5) 0.77

Speech therapist 6 (12.5) 1 (4.0) 5 (21.7) 0.06

Physiotherapist 1 (2.1) - 1 (4.3) -

Social worker 33 (68.8) 18 (72.0) 15 (65.2) 0.61

Nurse 12 (25.0) 5 (20.0) 7 (30.4) 0.40

a Refers to buccal, labial mucosa, retromolar area, and vestibule
b The used drug was cisplatin (doses of 40 mg/m2 for week scheme and 100 mg/m2 for every 21 days)
c Refers to medications that may cause salivary flow rate change, information was available in 20 participants of PBMT group and 19 of control group

2D, bidimensional; 3D, tridimensional; CT, chemotherapy; DTX, docetaxel (75 mg/m2 ), cisplatin (75 mg/mg2 ); PBMT, photobiomodulation therapy;
RT, radiotherapy; SD, standard deviation; TPF, docetaxel (75 mg/m2 ), 5-fluoracil (750 mg/m2 ) and cisplatin (75 mg/m2 )
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the average cost was $905.65 and $48.30 in the PBMT and
control groups, respectively. Thus, the incremental cost of
using PBMT was $857.35 (Table 2).

Supplementary Figure 1 shows the decision tree diagram of
the clinically relevant events, based on the WHO scale for the
definition of occurrence of severe OM for the two interven-
tions, as well as the course of action according to the need for
additional interventions for each of the possible treatment
outcomes.

Cost-effectiveness analysis

The cost-effectiveness analysis and ICER values for each
measure of effectiveness are detailed in Table 3.

The sensitivity analysis was based on changing the cost and
effectiveness measures to obtain a best and worst scenario for
each of the study outcomes. For the best scenario, the number
of severe OM cases in the PBMT group was considered to be
20% of the number of cases in the control group. A variation
of − 17% and − 12.9% was taken into account in the medica-
tion and staff salary, respectively. For an interruption of treat-
ment due to OM, the RR found was 0.20 (95%CI, 0.05–0.85);
thus, in the best-case scenario, the number of interruptions of

RT in the PBMT group was 5% of the value found in the
control group. For OHRQoL measurements, Q25 of the vari-
ation found in the laser group was considered. For the OHIP-
14 questionnaire, the variation in the best scenario was − 1.26
and 8.65 for the PROMS scale.

For the worst-case scenario, we consider that in the PBMT
group the incidence of severe OMwas 67% of the cases found
in the control group. There was a variation of + 17% in the
price ofmedicines and + 28% in the staff’s salary. The number
of interruptions avoided due to PBMT was considered to be
25% of those occurring in the control group. For the OHRQoL
variation, the Q75 of the PBMT group were considered.
Therefore, for the OHIP-14 questionnaire, the variation in
the worst scenario was 4.97 and 32.6 for the PROMS scale.

Considering these changes in parameters, ICERs were cal-
culated for the best (discounts) and worst (increases) scenari-
os, as described in Table 4.

Discussion

Despite the significant burden of OM in cancer treatment [13],
only few studies explored the economic implications of

Table 2 Cost in $ PPP of
interventions to treat oral
mucositis

n (%) Mean ± SD

PBMT Control PBMT Control

PBMT - - 900.16 ± 37.52 -

Visits to the emergency service 4 (16.0) 6 (26.1) 27.44 ± 17.93 185.17 ± 280.43

Nasoenteral tube 2 (8.0) 4 (17.4) 37.89 ± 18.32 36.25 ± 28.67

Opioids 2 (8.0) 4 (17.4) 0.25 ± 0.28 4.44 ± 6.73

NSAIDs - 4 (17.4) - 1.35 ± 1.37

Corticosteroids 2 (8.0) 5 (21.7) 0.19 ± 0.21 2.11 ± 3.25

Electrolyte replacement/polyvitamins 5 (20.0) 6 (26.1) 1.71 ± 1.86 15.63 ± 24.60

Hospitalization - 1 (4.3%) - 253.49

Final cost 905.65 48.30

PBMT incremental cost 857.35

NSAIDs, nonsteroidal anti-inflammatory drugs; PBMT, photobiomodulation therapy; SD, standard deviation

Fig. 2 Incidence of OM throughout the follow-up period. Connections between bars indicate statistically significant differences between groups (chi-
square test). WHO: World Health Organization; NCI: National Cancer Institute; RT: Radiotherapy
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treatments for mucositis [10, 14, 27]. Bezinelli et al. [10]
showed that Brazilian patients undergoing stem cell transplan-
tation who underwent PBMT for OM control had 30% lower
hospital costs compared with patients who received only oral
care instructions. These findings corroborate our study results,
in which we identified that the hospital costs of the PBMT
group, excluding the cost of PBMT, were lower than those of
the control group.

Antunes et al. [14] investigated the cost-effectiveness of
PBMT in the treatment of OMdue to radiochemotherapy from
the perspective of the Brazilian Public Health System. The
estimated cost for a PBMT session was US$41.18, and the
incremental cost was US$1689.00 per patient. The calculated
ICER was US$4961.37 to avoid one case of severe OM [14].
In our study, the estimated cost per session was $25.69 PPP
and the incremental cost of PBMT was $857.35 PPP, and the
ICER found was $2936.13 PPP and $2867.39 PPP to avoid
one case of severe OM, according to the WHO and NCI
scales, respectively.

In their study, Antunes et al. [14] calculated the cost related
to the implementation of a dental care center for cancer pa-
tients. Whereas in our study, these costs were not included,
because we assumed that, regardless of the treatment admin-
istered (PBMT or POCP), they are similar. In addition, the
dental staff considered a great number of professionals in the

study previously cited [14] and all events resulted from OM
derived from secondary data. However, our results corrobo-
rate with the findings by Antunes et al. [14], who suggested
that the costs due to OM were lower in patients undergoing
PBMT and that this therapy is more cost-effective than the
standard approach.

Another promising finding of our study was ICER to pre-
vent an interruption in RT due to OM, whichwas of $2756.75.
It is important to note that unintentional interruptions in cancer
treatment are associated with lower survival rates and
locoregional control [28–30]. To date, there are no similar
studies that can be compared with the findings of our study.

Our results showed that the ICERs, to prevent a 1-point
reduction in OHRQoL, were $170.79 for the OHIP-14 instru-
ment, and $31.75 for the PROMS scale. These findings sug-
gest that PBMT is cost-effective for reducing both severe OM
and preventing OHRQoL negative impacts. This also is the
first study to assess the ICER of PBMT considering patient-
reported outcomes. Since the most common instrument used
for cost-utility analysis may not be suitable to measure
OHRQoL [31, 32], we did not measure the quality-adjusted
life years (QALY). However, the use of OHIP-14 scores as a
parameter of effectiveness, and as health state values, has been
described in other studies [31, 32], especially in patients to
whom QALY cannot be measured [33].

Table 3 Cost-effectiveness analysis and the incremental cost-effectiveness ratios (ICERs) of the introduction of photobiomodulation therapy in the
treatment of oral mucositis

Outcome Parameter PBMT Control ICER Interpretation

Cost ($PPP) Incremental cost of PBMT 905.65 48.30 $ 857.35 Incremental cost of PBMT

Effectiveness Incidence of OM (WHO
scale)

% severe OM prevented 64% 34.8% $ 2963.13 Cost to avoid one case of severe OM

Incidence of OM (NCI scale) % severe OM prevented 56% 26.1% $ 2867.39 Cost to avoid one case of severe OM

Incidence of RT interruption % RT interruptions
prevented

92% 60.9% $ 2756.75 Cost to avoid one case of RT interruption

OHIP-14 score OHIP-14 variation 1.96 6.98 $ 170.79 Cost for 1-point reduction in OHIP-14
score

PROMS score PROMS variation 11 38 $ 31.75 Cost for 1-point reduction in PROMS
score

PBMT, photobiomodulation group; NCI, National Cancer Institute; OM, oral mucositis; RT, radiotherapy; WHO, World Health Organization

Table 4 ICER considering the
best and worst-case scenario Base-case Best scenario Worst scenario

Prevention of severe OM (WHO scale) $ 2936.13 $ 1398.55 $ 4315.94

Prevention of severe OM (NCI scale) $ 2867.39 $ 2339.71 $ 4367.93

RT Interruption $ 2756.75 $ 2002.77 $ 18,484.89

OHIP-14 $ 170.79 $ 90.29 $ 541.10

PROMS $ 31.75 $ 25.35 $ 201.41

OM, oral mucositis;WHO, World Health Organization; NCI, National Cancer Institute; RT, radiotherapy; ICER,
incremental cost-effectiveness ratio
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There are no previous economic studies of other therapies
adopted for OM in patients undergoing HNC treatment.
Nooka et al. [27] showed that the ICER of palifermin to avoid
1 day of intravenous narcotic analgesics (the use of this drug
was associated with severe OM) in patients undergoing hema-
topoietic stem cell transplantation was US$5500 for patients
with myeloma and US$14,000 for patients with lymphoma.
Palifermin was able to reduce the costs associated with these
hematopoietic cancers [27]. This drug may be effective in
preventing severe OM in patients with HNC treated with RT
associated with CT [34]. However, further studies on the ef-
fectiveness and cost of palifermin are needed to allow com-
parisons between this drug and PBMT.

It is important to note that, before initiating RT, participants
of this study were submitted to a comprehensive assessment
of dental and oral conditions, as well as the control of all local
problems that could affect patient outcomes during the course
of the longitudinal assessments. After that, during the RT
treatment regimen, the participants were rigorously monitored
in order to preserve a satisfactory oral health. This means that
all participants were submitted to the Preventive Oral Care
Program [18, 35].

A limitation of our study was the fact that the patient’s
follow-up was interrupted when RT was discontinued.
Typically, this occurred because most of the study participants
were originally from the state countryside or small cities of the
state, and most of them preferred to stay at home to recover
from OM during the treatment interruption. We believe that
this could have influenced the costs of treating severe OM
because rather than visiting the hospital’s emergency depart-
ment, patients either attended an emergency service at their
hometown or did not attend at all. Additionally, this study was
based on the hospital costs, and the costs of ambulatory treat-
ment of OM, such as the use of NSAIDs, were not considered
due to the difficulty of gathering this information. Therefore,
the costs for the public health system may be higher than the
overall costs described in our study.

Recent guidelines for prevention of OM in patients under-
going RT [36] describe the use of red laser at 660 nm, with an
energy per point of 3 J and laser application less than 1 cm of
the tissue [37]. For patients undergoing RT associated with
CT, the use of the protocol described by Antunes et al. [38]
and Oton-Leite et al. [39] was recommended. The protocol
used in our study was similar to that used by Oton-Leite
et al. [39], except for the weekly frequency of the PBMT. In
our study, PBMT was administered 5 times a week, whereas
Oton-Leite et al. performed PBMT 3 times a week. Thus, we
believe cost-effectiveness studies must be conducted, espe-
cially considering the protocols previously described.

The relevance of our study lies especially within the con-
text of the public health systems, as it strengthens the scientific
evidence toward implementing PBMT as a new technology to
treat adverse effects of HNC treatment. Although our study

was conducted from the providers’ perspective, the hospital in
which the study was performed is a private philanthropic in-
stitution with 80% of the patient treatments funded by the
public health system. Therefore, we believe that the results
can be extrapolated to public health hospitals. Our results
contribute to provide evidence for the incorporation of
PBMT in the list of procedures available in both public and
private hospital care.

Conclusion

Our results favor the incorporation of PBMT as a therapy to
prevent and treat severe OM associated to HNC treatment, in
public and private hospitals. PBMT was a more cost-effective
option than standard oral care measures alone in preventing
severe degrees of OM, reducing OHRQoL impacts, and inter-
ruption of RT protocol.
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