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Abstract

Purpose The objective of this trial was to evaluate the safety and efficacy of melatonin oral gel mouthwashes in the preven-
tion and treatment of oral mucositis (OM) in patients treated with concurrent radiation and systemic treatment for head and
neck cancer.

Methods Randomized, phase II, double-blind, placebo-controlled trial (1:1 ratio) of 3% melatonin oral gel mouthwashes
vs. placebo, during IMRT (total dose > 66 Gy) plus concurrent Q3W cisplatin or cetuximab. Primary endpoint: grade 3—4
OM or Severe Oral Mucositis (SOM) incidence by RTOG, NCI, and a composite RTOG-NCI scales. Secondary endpoints:
SOM duration and grade 2—4 OM or Ulcerative Oral Mucositis (UOM) incidence and duration.

Results Eighty-four patients were included in the study. Concurrent systemic treatments were cisplatin (n=54; 64%) or
cetuximab (n=30; 36%). Compared with the placebo arm, RTOG-defined SOM incidence was numerically lower in the 3%
melatonin oral gel arm (53 vs. 64%, P=0.36). In patients treated with cisplatin, assessed by the RTOG-NCI composite scale,
both SOM incidence (44 vs. 78%; P=0.02) and median SOM duration (0 vs. 22 days; P=0.022) were significantly reduced
in the melatonin arm. Median UOM duration assessed by the RTOG-NCI scale was also significantly shorter in the mela-
tonin arm (49 vs. 73 days; P=0.014). Rate of adverse events and overall response rate were similar between the two arms.
Conclusions Treatment with melatonin oral gel showed a consistent trend to lower incidence and shorter SOM duration and
shorter duration of UOM. These results warrant further investigation in phase III clinical trial.
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Introduction unsuitable patients. About 90% of the patients treated with

radiation therapy for upper aero-digestive tract tumors suffer

Head and neck cancer (HNC) is the sixth most common can-
cer, with more than 800,000 new cases occurred worldwide
in 2016 [1]. Locally advanced HNC commonly requires a
multidisciplinary approach with radiotherapy and concur-
rent systemic treatment or surgery followed by radiotherapy
with or without systemic therapies. Concurrent systemic
treatment includes platinum-based chemotherapy [2] or the
anti-EGFR monoclonal antibody cetuximab [3] for platinum
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oral mucositis (OM) [4-6]. When radiation is administered
with concurrent systemic treatment, between 65 and 90% of
the patients experience grade 3—4 OM, known as severe oral
mucositis (SOM) [6, 7].

OM is the main adverse event of concurrent treatment
with both cisplatin [4] and cetuximab [8]. OM is a relevant
adverse event because it is troublesome for the patients,
impacts their general health and nutritional status [6], quality
of life, and can become a gateway to opportunistic infections
[9]. Of concern, treatment breaks or delays may be forced
by all these complications compromising the continuity of
the antitumor treatment [6], ultimately leading to impaired

@ Springer


http://orcid.org/0000-0002-2963-7713
http://crossmark.crossref.org/dialog/?doi=10.1007/s12094-021-02586-w&domain=pdf

1802

Clinical and Translational Oncology (2021) 23:1801-1810

outcomes [10]. In addition, OM leads to an increase in the
overall costs of the treatment of the patients with HNC due
to increased rates of hospital admission, opioid use, and
nutritional support [9, 11-13].

The most frequently used scores for assessing OM are
the RTOG (morphology and pain), NCI-CTCAE (function
and pain), and WHO (functional and morphological) scales.
Anterior (mouth, tongue) and posterior (larynx, hypophar-
ynx) tumor sites are best captured by RTOG and NCI scales,
respectively [7]. Incidence of OM is really underestimated
[71.

OM related to concurrent treatment for HNC has no effec-
tive treatment options beyond symptomatic management [7].
Furthermore, no drugs have been approved by any regula-
tory body to prevent or treat OM as yet.

OM is triggered by oxidative damage directly caused by
radiation and/or systemic antineoplastic treatments. Oxida-
tive stress signal upregulation leads to the release of reac-
tive oxygen species (ROS), subsequent DNA damage and
increased cell death. Increased ROS levels activate inflam-
matory cytokines by generating NAPDH oxidase, mitochon-
drial generated ROS, activation of NFKB and inflammasome
components (NLRP3). This stimulates the transcription of
proinflammatory cytokines such as IL1b, TNF-a and IL-6.
The inflammation caused subsequent ulceration and pain
of the oral mucosa. After healing, the tissues may appear
healthy, but the cell physiology remains significantly altered
[14].

Melatonin is an ubiquitous methoxyindole produced
in the pineal gland and many other organs of vertebrates.
Despite being commonly known as the hormone of dark-
ness due to its sleep promotion effects, cytoprotection may
have been the first phylogenetic function of melatonin [15].
Indeed, melatonin synthesis and release do not exhibit a
daily cycle in these other organs [16]. In the extra-pineal
organs, melatonin behaves as a potent radical-free scavenger
that prevents mitochondrial damage [17] and plays a role as
an antiinflammatory and cytoprotective agent which helps
to resist oxidative stress [18, 19].

Oral administration of 3% melatonin oral gel prevented
OM in rats subject to irradiation, restoring and maintain-
ing pre-irradiation levels of NFkB and NLRP3 signaling
inflammatory pathways involved in mucositis, and restor-
ing physiological melatonin levels in irradiated tissues [20].
Based on this preclinical background, the rationale of the
present study postulates that this effect can also be seen in
humans. High-load 3% melatonin mucoadhesive oral gel
would prevent the mucosal damage caused by chemoradia-
tion or bioradiation. Therefore, this strategy could be used
to avoid inflammation, mucosal disruption, and ulcer forma-
tion during and after irradiation. To test this hypothesis, we
designed a proof of concept randomized phase II, placebo-
controlled, clinical trial aiming to evaluate the safety and
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efficacy of 3% melatonin oral gel in the prevention and treat-
ment of oral mucositis in patients with HNC undergoing
chemo/bioradiation.

Methods
Study design

This Phase Ila, multicentric, prospective, randomized, dou-
ble-blind, and placebo-controlled exploratory clinical trial
was performed in 11 centers in Spain. The study protocol
was registered at ClinicalTrials.gov. All centers and oncolo-
gists gained centralized quality assurance accreditation for
the trial on radiation dosimetry and specific training in OM
grading assessment. The investigator team included one radi-
ation oncologist and one medical oncologist in every center.
Assessment of radiation total volume and mucosa volume
were standardized to ensure homogeneity between centers.
Key inclusion criteria were as follows: age over 18; ECOG
PS [0-1]; pathology-proven diagnosis of HN squamous cell
carcinoma or nasopharyngeal undifferentiated carcinoma;
stage III or IV-MO (TNM-2010 7th edition) tumor of the
oral cavity, oropharynx, or any HN site with lymph nodes
at cervical level II to increase surface oral mucosa involved
in the radiation field; planned total dose > 66 Gy. Patients
must be deemed eligible for treatment with chemo- or bio-
radiation with either cisplatin or cetuximab and a radiation
plan with IMRT.

Treatment
Antitumor treatment

Patients were treated with Volumetric Modulated Arc Ther-
apy-Simultaneous Integrated Boost (VMAT-SIB) once daily,
5 days per week for 7 weeks, either 2.12 Gy/day, total dose
69.96 Gy in radical treatment or 2 Gy/day, total dose 66 Gy
in postoperative treatment. The design of the volumes and
dose levels was previously agreed upon by three radiation
oncologists. The planned total dose was > 66 Gy. Concur-
rent systemic treatments were either cisplatin 100 mg/m?
Q3W starting on the first day of radiation therapy (day 1) or
cetuximab 400 mg/m? loading dose (day -7), then 250 mg/
m?/week from day 1 for the entire duration of radiation treat-
ment. Up to three cycles of platin-based neoadjuvant chemo-
therapy were allowed.

Investigational medicinal products
Figure 1 shows the overall study design, treatment, observa-

tion, and follow-up plan. Eligible patients were randomly
assigned (1:1 ratio) to receive 3% melatonin oral gel or
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Fig.1 Study design. All patients were to be treated with the IMP
from two or three days before the start of systemic treatment (cispl-
atin or cetuximab) until one to four weeks after completion of radi-
otherapy, when oral mucositis improved to RTOG grade 1. If oral
mucositis improved to RTOG grade 1 between one to four weeks
after the end of radiation therapy, patients permanently discontinued

placebo oral gel. Investigational medicinal products (IMPs)
were administered as five mouthwashes a day (10 ml per
mouthwash, 1,500 mg/day in the melatonin arm). Each
mouthwash must be 2 min long and to be followed by swal-
lowing the product.

Endpoints, populations, and procedures

OM was the adverse event of interest. The severity of the
mucositis was graded according to both RTOG and NCI
scales. A composite of both scales, from now on RTOG-
NCI composite scale, was also used. The composite scale
captured patients who had OM as assessed either by RTOG
or by NCI. In other words, a patient experienced a grade
3—4 adverse event by the composite scale if he or she expe-
rienced a grade 3—4 RTOG- or a grade 3—4 NCI-adverse
event or both. An investigator meeting was held before study
initiation to achieve an agreement in criteria harmonization
between investigators. OM was assessed two times per week
by a trained investigator at every visit until improvement to
lower than grade 2. Intention-to-treat (ITT) population com-
prised all randomized patients. Both modified ITT (mITT)
and safety populations comprise all randomized patients
who received at least one medication dose. Percentage of
patients with RTOG grade 3—4 OM, named RTOG severe
oral mucositis (SOM), in the mITT population, was the pri-
mary endpoint of the trial. Extension of SOM to grade 2,

IMP. Patients with RTOG grade > 2 OM at four weeks after the end
of radiation discontinued IMP treatment. Thus, the duration of the
treatment with IMP was between 8 and 12 week. All patients received
standard symptomatic treatment for OM along the study according to
the routine clinical practice of the hospital

leads to the definition of grade 2-3-4 OM or ulcerative oral
mucositis (UOM). Secondary endpoints were NCI-defined
SOM incidence, RTOG-NCI composite scale-defined SOM
incidence, SOM duration, UOM incidence, UOM duration,
and safety. Adverse events were assessed by NCI-CTCAE
v4.0. Efficacy analyses were performed in the mITT popula-
tion. Additional endpoints were the need for opioids and the
need for special nutritional support and procedures (feeding
tubes). The protocol included a subgroup analysis according
to the systemic antitumor treatment (cisplatin or cetuximab).

Statistics

Based on previously published data [21, 22], we assumed
that 70% of patients treated with placebo would experience
RTOG-defined SOM. Estimation of efficacy allowed for
predicting that this percentage would be decreased to 35%
in the melatonin arm. Sample size calculation showed that
a total of 76 evaluable patients (38 patients per treatment
arm) would provide at least 80% power to detect as signifi-
cant (at 0.05 two-sided significance level) this 35-percentage
points difference (from 70 to 35%). Foreseeing a 10% drop-
out rate, a total of 84 patients (42 per arm) was planned to
be included.

A comparison of incidence rates of SOM or UOM (2
dichotomous variables leading squared tables) was per-
formed with the Chi-square Fisher-exact test. A comparison
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of duration of SOM or UOM (independent quantitative vari-
ables, less than 30 observations) was performed with the
Mann—Whitney U test. Other qualitative variables were com-
pared with the Chi-square test (or Chi-square-Fisher exact
test if squared tables). Missing data were handled with the
last observation carried forward method.

Ethics

The study was approved by the Institutional Review Board
of all the participant centers and was conducted in accord-
ance with the Declaration of Helsinki as adopted by the
World Medical Association in the Fortaleza-2013 meeting.
All patients provided written informed consent before start-
ing any of the procedures of the study.

Results
Patient disposition
Ninety patients were screened for eligibility and signed

informed consent. Six of them were screening failures (all
due to non-fulfillment with selection criteria). Therefore,

84 patients (ITT) were randomized to the investigational
3% melatonin oral gel arm (n=42; 50%) or to the pla-
cebo arm in 11 Spanish centers between October 2015 and
August 2017 (Fig.2). Five patients were excluded before
the administration of the first dose of the IMP. Therefore,
79 patients (mITT) were randomly assigned to the mela-
tonin arm (n=40; 51%) or the placebo arm (n=39; 49%).

Demographics

The baseline characteristics of the 84 patients included in
the ITT population are shown in Table 1. All demograph-
ics were well balanced between arms. Fifty patients (63%)
were treated with cisplatin, and twenty-nine patients (37%)
were treated with cetuximab.

Efficacy
Efficacy results for SOM and UOM incidence and duration

were analyzed in the mITT population (n=79), and are
summarized in Table 2.

Fig.2 Study flow-chart. mITT
modified intention to treat, PP

Assessed for eligibility (n=90)

per protocol. *Per protocol
(PP) population comprise the
patients of the mITT population

Screening failures (n=6):Not meeting
selection criteria (n=6)

\4
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the IMP and no were subject to

Randomised (n=84)

major violations of the protocol.
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v
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n=79)
Safety population (n=39)

|

Excluded (n=28)":

*Compliance with study drug <70% (n=25)
*Not permitted medication (n=2)
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*Violation of inclusion criteria 8 (n=1)

PP (n=39)* v

]
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PP population (n=27)

|

@ Springer




Clinical and Translational Oncology (2021) 23:1801-1810

1805

Table 1 Baseline characteristics by treatment group

Characteristic MLT (n=42) PLC All
n (%) (n=42) (n=84)
Age Median [range] 59 [36-94] 56 [37-84] 57 [36-94]
Gender
Male 36 (86) 40 (95) 76 (90)
Female 6 (14) 2(5) 8 (10)
Previous surgery
Yes 6 (14) 2(5) 8 (10)
No 36 (86) 40 (95) 76 (90)
Tumor site
Oropharynx 19 (45) 19 (45) 38 (45)
Larynx 1(24) 4 (10) 5(6)
Hypopharynx 4 (10) 3(7) 7(8)
Oral cavity 13 (31) 11 (26) 24 (29)
Nasopharynx 5(12) 5(12) 10 (12)
Stage
I 10 (24) 5(12) 15 (18)
IVA 27 (64) 29 (69) 56 (67)
IVB 5(12) 8 (19) 13 (16)
Cancer status at baseline
New diagnosis 37 (88) 40 (95) 77 (92)
Relapse 2 (4.8) 2 (4.8) 4(4.8)
NED after surgery?® 3(7) 0(0) 33.6)
Neoadjuvant chemotherapy®
Yes 413 (31) 118(43) 531(37)
No 29 (69) 24 (57) 53 (63)
Concurrent systemic agent 34 (81.0%)
Cisplatin 29 (69) 25 (60) 54 (64)
Cetuximab 13 (31) 17 (40) 30 (36)
Total planned RDT dose (Gy)
66 49 1(2) 5(6)
69 2(5) 0(0) 2 (2.4%)
69.9 34(81) 39 (93) 73 (87)
72 0(0) 1(24) 1(1.2)
Missing 2(5) 12.4) 3(3.6)

NED No evidence disease, RDT Radiation treatment, MLT High-dose
melatonin oral gel, PLC Placebo

*Patients with postoperative oral cavity tumors with high-risk factors
were included

**Platin-based induction chemotherapy before study entry was
allowed

SOM incidence and duration: mITT population

The percentage of patients who experienced SOM was
numerically lower in the melatonin arm compared with the
placebo arm when assessed by the RTOG scale (53 vs. 64%;
P=0.36). The ascertainment of this result was the primary
objective of the study. The percentage of patients treated
with cisplatin who experienced SOM was significantly lower
in the melatonin arm compared with the placebo arm, when

assessed by the RTOG-NCI composite scale (44 vs. 78%;
P =0.02). The absolute reduction of SOM incidence in the
melatonin group was 34%.

When SOM duration was calculated in all patients,
regardless of the patient experience of SOM or not, accord-
ing to the RTOG-NCI scale, the median duration of SOM
was 15 days shorter in the melatonin group than in the pla-
cebo group; this clinically relevant difference was statisti-
cally significant (6 vs. 21 days; P=0.022). In patients treated
with cisplatin, the median duration of SOM according to
the RTOG-NCI scale was 22 days shorter in the melatonin
group; this clinically relevant difference was also statisti-
cally significant (0 vs. 22 days; P=0.022). In the subgroup
of patients treated with cetuximab, the median duration of
SOM according to the RTOG-NCI scale, was numerically
shorter (15 vs. 21 days; P=0.44) in the melatonin arm.

SOM duration calculated in those patients who experi-
enced SOM according to the RTOG-NCI scale was numeri-
cally lower in the melatonin arm in the entire population (19
vs. 30 days; P=0.34) and the subgroup of patients treated
with cetuximab (17 vs. 30 days; P=0.22). No statistically
significant differences were observed in SOM duration in
patients who experienced SOM.

UOM incidence and duration: mITT population

The percentage of patients who experienced UOM, accord-
ing to the RTOG-NCIT scale, was not significantly different
in the melatonin arm compared with the placebo arm (88
vs. 92%; P=0.71).

UOM duration was calculated in those patients who expe-
rienced UOM (about 90%). The median duration of UOM
was significantly shorter in the melatonin arm compared
with the placebo arm according to the RTOG-NCI com-
posite scale (49 vs. 73 days; P=0.014). In the subgroup of
patients treated with cisplatin, the median duration of UOM
was significantly shorter in the melatonin arm compared
with the placebo arm according to the RTOG-NCI scale (40
vs. 63; P=0.026). In the cetuximab subgroup, median UOM
duration in patients who experienced UOM was numerically
lower in the melatonin arm (58 vs. 74 days; P=0.35), also
according to the RTOG-NCI composite scale.

Additional efficacy analysis

In the mITT population, the percentage of patients who
required major opioids was numerically lower in the
melatonin arm compared with the placebo arm (60 vs.
74%; P=0.17). In the mITT population, compared with
patients in the placebo arm, the percentage of patients who
required nutritional support (73% vs. 95%; P=0.01) and
the rate of patients who required either an enteral feeding
tube or parenteral feeding (18% vs. 36%; P =0.06) were
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Table 2 Efficacy results

Endpoint SOM incidence (%) UOM incidence (%)
MLT* PLC* P valve MLT PLC P value
Overall mITT RTOG 53 64 0.36 85 90 0.74
NCI 50 67 0.17 83 96 0.52
RTOG-NCI 57 79 0.05 88 92 0.71
Cisplatin mITT RTOG 37 61 0.16 78 83 0.74
NCI 44 70 0.09 74 87 0.31
RTOG-NCI 44 78 0.02 82 87 0.72
Cetuximab mITT RTOG 85 69 0.41 100 100 NA
NCI 62 63 1.00 100 94 1.00
RTOG-NCI 85 81 1.00 100 100 NA
Additional endpoints Percentage of patients who needed
Overall mITT Major opioids 60 74 0.17
Nutritional support” 73 95 0.01
Enteral feeding tube 18 36 0.06
Non-pharmacological treatment® 30 54 0.04

MLT High-dose melatonin oral gel, PLC Placebo, NCI-RTOG Composite NCI-RTOG, NA Not available

4N =40 in the melatonin oral gel arm and N=39 in the placebo arm

"Nutritional support was defined as a composite endpoint comprising oral supplements, enteral feeding tube (nasogastric, gastrostomy, jejunos-

tomy), and parenteral feeding

“Non-pharmacological treatment comprise vitamins, herbal, and other dietary supplements

both numerically lower in the melatonin arm. Three (7.5%)
and one patient (2.6%) required systemic antibiotics in the
melatonin and placebo arm, respectively.

Patients with previous surgery, as well as those who
received neoadjuvant chemotherapy (many of whom
may have a complete or almost complete response before
concurrent treatment), could not be evaluated for tumor
response. Overall response rate was not different between
the 24 evaluable patients in the melatonin group and the
31 evaluable patients in the placebo group (75% vs. 81%;
P=0.62).

Compliance: miITT population

Tolerability was the most frequent reason for ending the
study treatment (total 26 patients, 17/40 melatonin vs. 9/39
placebo), lack of compliance (total 8 patients, 5 vs. 3),
and patient decision (total 7 patients, 3 vs. 4). Median
treatment duration was shorter in the melatonin arm com-
pared with the placebo arm (28 vs. 57 days). The duration
of the IMP treatment (melatonin or placebo) was shorter
in the group of patients treated with concurrent cisplatin
compared with patients with concurrent cetuximab in both
the melatonin arm (21 vs. 65 days; P=0.0022), and the
placebo arm (48 vs. 72 days; P <0.01).

@ Springer

Tolerability: safety population

Table 3 summarizes safety results. The rate of adverse events
(AEs) was calculated in 79 patients (40 from the melatonin
arm and 39 from the placebo arm). Overall, seventy-seven
patients (98%) experienced AEs, and 28 patients (35%) pre-
sented serious AE (SAESs), 14 in the melatonin arm (35%),
and 14 in the placebo arm (36%). The most frequent SAEs
were gastrointestinal AEs, which were observed in 15
patients (19%), 5 in the melatonin arm (13%), and 10 in the
placebo arm (26%).

Most of these AEs were related to systemic oncologic
treatment (cisplatin or cetuximab) and with radiotherapy.
The rate of patients with grade 3—4 RTOG AEs was lower
in the melatonin arm compared with the placebo arm, 12
patients (30%) vs. 19 patients (49%). Nineteen patients expe-
rienced AEs deemed to be related to the IMP, 11 in the mela-
tonin group (28%) and 8 in the placebo group (21%). There
were 3 deaths in the safety population (3.7%), none of them
related to the IMP: two patients in the melatonin arm (one
tumor hemorrhage and one hip fracture and post-surgery
infection) and one patient in the placebo arm (hematem-
esis). The rate of AEs of particular interest that could match
with the safety profile of melatonin, such as somnolence or
increased liver function tests was not significantly higher in
the melatonin arm. The percentage of patients that required
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Table 3 Safety
Safety population
MLT PLC All
(N=40) (N=39) (N=79)
Patients with any AE 39 (98%) 38 (97%) 77 (98%)
Patients with any SAE 14 (35%) 14 (36%) 28 (35%)
Patients with any AE related to cisplatin or cetuximab 36 (90%) 35 (90%) 71 (90%)
Patients with grade 3—4 related to cisplatin or cetuximab 26 (65%) 28 (72%) 54 (68%)
Patients with any AE related to RT* 36 (90%) 34 (87%) 70 (89%)
Patients with grade 3—4 AEs related to RT, OM excluded 12 (30%) 19 (49%) 31 (39%)
Patients with any AE related with the study treatment 11 (27%) 8 (20%) 29 (37%)
Grade 1-2 Grade 34 Grade 14
MLT PLC MLT PLC MLT PLC All
(N=40) (N=39) (N=40) (N=39) (N=40) (N=39) (N=79)
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Anaemia 5(13) 5(13) 2(5) 2(5) 7 (18) 7 (18) 14 (18)
Neutropenia 3(8) 6 (15) 3(8) 2(5) 6 (15) 8 (20) 14 (18)
Ear pain 2(5) 4(10) 0(0) 0(0) 3(8) 5(13) 8 (10)
Ageusia 7 (18) 7 (18) 0(0) 12.5) 7 (18) 8 (21) 15 (19)
Cheilitis 12.5) 5(13) 12.5) 2(5) 3(8) 7 (18) 10 (13)
Constipation 16 (40) 16 (41) 0 (0) 0(0) 17 (43) 17 (44) 34 (43)
Diarrhea 10 (25) 4(10) 0(0) 0(0) 10 (25) 4 (10) 14 (18)
Dry mouth 20 (50) 27 (69) 4(10) 3(8) 24 (60) 30 (77) 54 (68)
Dysgeusia 17 (43) 22 (56) 6 (15) 2(5) 23 (58) 24 (62) 47 (60)
Dysphagia 9(23) 13 (33) 5(13) 7 (18) 14 (35) 21 (54) 35 (44)
Hypogeusia 6 (15) 4 (10) 0 (0) 0(0) 6 (15) 4 (10) 10 (13)
Nausea 23 (58) 19 (49) 2(5) 2(5) 26 (65) 21 (54) 47 (60)
Odynophagia 19 (48) 22 (56) 10 (25) 12 (31) 29 (73) 34 (87) 63 (80)
Vomiting 17 (43) 9(23) 2(5) 3(8) 19 (48) 13 (33) 32 (41)
Asthenia 20 (50) 25 (64) 4(10) 3(8) 25 (63) 29 (74) 54 (68)
Pyrexia 5(13) 0(0) 0(0) 12.5) 6 (15) 6 (15) 12 (15)
Oral candidiasis 5(13) 4(10) 0(0) 0(0) 6 (15) 5(13) 11 (14)
Pneumonia 0(0) 0(0) 2(5) 0(0) 3(8) 0(0.0) 3(3.8)
Respiratory infection 5(13) 1(2.5) 0 (0) 0(0) 6 (15) 1(2.6%) 709)
Radiation skin injury 18 (45) 9 (23) 1(2.5) 2(5) 20 (50) 12 (31) 32 (41)
Weight decreased 7 (18) 12.5) 0(0) 0(5) 7 (18) 1(2.6) 8 (10)
Decreased appetite 17 (43) 12 (31) 3(8) 0(0) 20 (50) 13 (33) 33 (42)
Trismus 2(5) 3(8) 0(0) 2(5) 2(5) 5(13) 709)
Headache 3(8) 2(5) 1(2.5) 0(0) 5(13) 3(8) 8 (10)
Insomnia 4 (10) 4(10) 0(0) 0(0) 4 (10) 5(13) 9(11)
Renal failure 4 (10) 12.5) 0(0) 1(2.5) 6 (15) 2(5.1) 8 (10)
Cough 3(8) 4(10) 0(0) 0(0) 3(8) 5(12.8) 8 (10)
Productive cough 3(8) 4(10) 0(0) 0(0) 4 (10) 4 (10) 8 (10)
Acne 2(5) 12.5) 0(0) 0(0) 2(5) 1(2.6) 3(3.8)
Dermatitis 8 (20) 14 (36) 2(5) 6 (15) 10 (25) 20 (51) 30 (38)
Dermatitis acneiform 1(2.5) 0(0) 0(0) 0(0) 1(2.5) 0 (0.0%) 1(1.3)

MLT high-dose melatonin oral gel, PLC Placebo
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hospital admission was 33% in the melatonin arm and 38%
in the placebo arm.

Discussion

The results of this exploratory study indicate that 3% mela-
tonin oral gel can prevent and shorten SOM and UOM in
patients with HNC undergoing concurrent chemoradiation.
A strong trend in favor of the melatonin arm is observed for
multiple endpoints of incidence and duration of SOM and
UOM, with some endpoints reaching statistical significance,
mostly in the subgroup of patients treated with concurrent
cisplatin-radiation treatment. However, the exploratory
design makes statistical significance less relevant than it is
in other trial designs. Radiation-cetuximab treatment leads
to extensive and highly symptomatic OM even at a lower
dose of radiation therapy [23]. In these patients, the antiin-
flammatory attributes of melatonin shorten the duration of
UOM despite having no impact on the incidence of UOM.

High-dose melatonin oral gel was well tolerated. The dose
we investigated to treat OM was high compared with the low
doses used to treat sleep disorders (Circadin™, melatonin
tablets 2 mg). This was necessary to enable melatonin to
reach the mitochondria, where the molecule works as a scav-
enger of reactive oxygen species leading to an antioxidant
effect [24].

Moreover, the tumor response rate was not different
between arms, indicating no impact of 3% melatonin oral
gel on concurrent chemoradiation treatment efficacy. This
observation is in line with the expected lack of interaction
of melatonin with cytotoxic treatments. Evaluation of any
possible beneficial antitumor effect of melatonin [25] was
outside the scope of this study.

While most published studies on OM have used the WHO
scale [7], which is based on the appearance of oral cavity
ulcers and diet tolerance, this scale fails to take into account
relevant symptoms associated with OM such as pain. We
think that using a composite scale RTOG-NCI with dual
morphologic-functional assessment resulted in an improved
ability to capture all SOM episodes. The antitumor regimen
of the study is consistent with widely used regimens with
cisplatin at 100 mg/m? Q3W, and high median radiation
dose, with 82% of the patients (those who had no previous
radical resective surgery) treated with 69.9 Gy. This similar-
ity to real life is one of the strengths of the study.

Several other medicinal products have been investigated
with the same objectives of OM prevention and treatment,
and have data vs. placebo from randomized phase II tri-
als. GC4419, a superoxide dismutase mimetic, has been
shown to reduce the incidence of SOM from 65% (pla-
cebo) to 43% with GC4419 (P =0.009) [26]. GC4419 is

@ Springer

administered daily, the intravenous route over 60 min,
before each radiation fraction. A few oral agents have
also been compared with placebo and recently reviewed
in a comprehensive article [27]. Results with rebamipide,
an agent orally administered as a liquid that stimulates
prostaglandin synthesis in gastric mucosa, were published
in 2017 and showed a non-significant reduction of the
incidence of SOM (25% vs. 39%; P=0.17) [28]. In turn,
results with clonidine, an agonist of the alpha-2-adren-
ergic receptors, administered as a mucoadhesive buccal
tablet, were published in 2020 showing a non-significant
reduction of the incidence of SOM (45 vs. 60%; P=0.06)
[29]. Finally, a small study with oral melatonin capsules
enrolled only 39 patients out of 80 planned, and showed
a reduction of SOM in these patients and was also pub-
lished in 2020 [30]. The favorable safety profile of 3%
melatonin oral gel, the convenience of the oral form of
administration, which is more comfortable for patients,
as well as the mechanical cleaning effect on oral mucosa
derived from 5 mouthwashes a day, are considered benefits
of this approach compared with parenteral or other oral
treatments.

Our study has limitations such as multiple testing and
suboptimal compliance, particularly in the cisplatin arm,
despite the higher efficacy observed in this subgroup of
patients. Compliance is a known challenge in studies deal-
ing with supportive measures. In contrast, our study has
strengths too. The homogeneity of the results in several
scales and endpoints, mostly in the subgroup of patients
treated with cisplatin, supports the validity of the trial.
Moreover, the reproducible results in the RTOG-NCI com-
posite scale further support the robustness of the data.

In conclusion, treatment with 3% melatonin oral gel
demonstrated a consistent trend to lower the incidence and
shorten SOM duration, and lower the duration of UOM. In
the subgroup of patients treated with cisplatin, the reduc-
tion of duration and incidence of SOM reached statistical
significance. These results deserve further investigation in
a large phase III clinical trial.
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