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Oral Mucositis, a debilitating side effect of radio and chemotherapy for head and neck cancers, involves
inflammation and ulceration of the mucous membranes in the oral cavity. This condition often leads to severe pain,
difficulty in eating, and compromised quality of life for cancer patients. The use of natural compounds such as
polyphenols has shown promise in preventing and alleviating Oral Mucositis as they possess anti-inflammatory,
antioxidant, and healing properties, capable of mitigating the adverse effects of chemo and radiotherapy on the oral

mucosa.
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| 1. Introduction

Head and neck cancers are common tumours, representing approximately 10% of all malignancies in men and 5%
in women [, They originate in the upper aero-digestive tract at various levels including the larynx, upper trachea,
pharynx, and oral and nasal cavity 2. The onset of these diseases is currently upward and seems to be related to
some diffuse risk factors such as consumption of alcohol and tobacco (separately or in combination) and virus
infections (e.g., Human Papilloma Virus—HPV) WEl Among the head and neck cancers, oral cancers are
remarkably relevant for human health and about 90% of them belong to the squamous cell carcinoma type. In
particular, Oral Squamous Cell Carcinoma (OSCC) represents the most frequent malignant tumour affecting the
oral mucosal epithelium, with a higher incidence in the male population !, although a share of OSCC appears to
involve an increasingly younger population (under 40). Despite the progress in therapy, the mortality of patients
with OSCC has remained steadily high during the last 20 years as compared to other cancers 2. Its early detection
and treatment are still crucial to improve the prognosis, and, in this regard, a combination of multiple therapeutic
approaches is frequently recommended to remove cancer and prevent any recurrence 8. Conventional therapies
include surgery, radiotherapy, and chemotherapy; however, these are characterized by several side effects and low
patient compliance. Therefore, other more specific treatments such as localized and personalized therapy (which
target some genes in cancer cells), administration of natural molecules as adjuvant and chemopreventive agents [
8 as well as immunotherapy with monoclonal antibodies could be employed 2. The routine recommendation is
surgical management of the primary tumour followed by post-operative radiotherapy or chemoradiotherapy
depending on the presence of intermediate/high risk. However, radio- and chemotherapy currently remain the most
common therapeutic strategies 19, Chemotherapy is generally based on drugs such as 5-Fluorouracil (5-FU),
Cisplatin, Cetuximab, and Taxanes which being non-selective drugs L1112 gre characterized by several side effects
such as gastrointestinal disorders, immune and hematopoietic deficit with consequent infections, inflammation and

mucositis in the entire gastrointestinal tract including the oral cavity. On the other hand, head and neck
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radiotherapy shows unpleased local effects such as severe hyposalivation/xerostomia due to impairment of normal
salivary gland function, damage of the oral mucosa, and dermatitis in the overlying epithelium 22!, Major damage to
the oral cavity occurs if chemotherapy is associated with radiotherapy as their synergistic effect in the reduction of
the epithelial cell turnover leads to thinning of the mucosa itself causing a loss of integrity. Therefore, a
compromised function of the epithelium together with a strong inflammation process, oxidative environment, and
high susceptibility to bacterial infections often originate in a complex clinical scenario defined as Oral Mucositis
(OM) 241, Considering that oral cancer itself is a disabling disease with a low survival rate, the onset of OM during
treatments could further compromise the patient’s overall conditions, lowering their quality of life due to the severe

repercussions on nutrition and other mouth functions (as speaking, digesting, or even simply opening the mouth).

| 2. Oral Mucositis (OM)

OM is a severe acute inflammation affecting the oral mucosa characterized by tissue swelling, ulceration, and
erythema 2, OM develops in around 40-60% of patients with head and neck cancer who receive standard
radiotherapy and chemoradiotherapy 8. OM is described as a painful condition generally resulting in hard
discomfort and a negative impact in terms of patients’ quality of life. Depending on the cancer treatment used, it is
characterized by a different onset. The common signs that characterize OM are erythema, erosions, and
ulcerations of the tissues, which cause a painful condition that can be severe, depending on the size and
localization of the damage to the mucous membrane 728 This condition can be further worsened by bacterial
infections M. In this regard, the World Health Organization (WHO) developed a grading system for the OM severity,
ranging from 0 (no OM) to 4 (highly severe OM), which is used to assess its clinical features such as symptoms
(e.g., pain), signs (e.g., erythema and ulceration), and oral function (e.g., swallowing ability). This scale also
evaluates the severity of clinical manifestations which depends on several factors, such as the type of treatment,
the dose, and such individual variables (response to treatment, age, diet, oral hygiene, tumour type, and genetic
factors) 19, Although the onset of OM is the result of different mechanisms that may occur simultaneously, it is
possible to identify a common sequence of events that characterizes the pathogenesis of both chemo- and
radiotherapy-induced OM. The model described by Sonis in 2004 2% is useful for the recognition of this sequence

of five events:

» Inflammatory/vascular phase: It is induced by chemotherapy and/or radiotherapy, which induce cytotoxicity in
normal cells by directly damaging the DNA and leading to excessive ROS generation. This phenomenon acts as
a trigger for the inflammatory process activating different signalling pathways such as proinflammatory
cytokines (e.g., IL1 B, IL6, and TNF-a) and prostaglandins [211122],

» Activation of transcription factors such as nuclear factor-k B (NF-kB) and NF-E2-related factor 2 (Nrf2) which
can be directly activated by the chemotherapeutic agents, e.g., 5-FU activates the NF-kB, thereby upregulating
the genes encoding pro-inflammatory cytokines such as Tumour Necrosis Factor a (TNF-a), interleukin 1B (IL-
1B), and IL-6, cyclooxygenase 2 (COX-2), and high-mobility group box 1 protein (HMGB1) or radiation, and
indirectly through the ROS release, producing inflammatory mediators, which increase the tissue damage

stimulating angiogenesis and vascular permeability 23],
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» Up-regulation and signal amplification stage, leading to loss of the epithelium integrity and, hence, ulcer

formation (beginning of OM evolution).

« Rich inflammatory infiltrate stage, containing macrophages, neutrophils, and mastocytes 24!, In addition, lesions
are strongly subjected to bacterial colonization, which contributes to stimulating the innate immune system,

thereby increasing the inflammatory response.

» The final healing phase, characterized by the proliferating and differentiating epithelial cells, leading to the

restoration of the integrity of altered mucosa.

Almost 20—-40% of cancer patients undergoing conventional chemotherapy manifest this condition (CT-OM) within

4-7 days of treatment, and the clinical sighs and symptoms continue for 1 to 2 weeks after.

In head and neck cancer patients, immunotherapy is amongst the most promising strategies. Moreover, the

prevalence of related OM seems to be lower compared to traditional chemotherapeutics (methotrexate, cisplatin)
125]

However, OM represents a potential side effect of both targeted therapy and immunotherapy (mammalian target of
rapamycin inhibitor-associated stomatitis (mIAS) and immunotherapy-related adverse events (irAEs)) with both
severity and clinical presentation depending on the agent used [28. When combined with conventional
chemotherapy, these therapies may increase the risk and severity of mucosal involvement, with a combined

presentation of both superficial and deeper, classic Oral Mucositis ulcers 27,

Moreover, Amy et al. reported severe chronic OM associated with pembrolizumab immunotherapy lasting for
months even after the drug was stopped and representing the major cause of suffering and eating difficulties for

cancer patients (28],

Also, radiation therapy for head and neck cancer causes OM,; in this case, side effect onset is delayed, but the
duration is longer (between 2 and 6 weeks). Radiation therapy-induced OM (RT-OM) depends on the dose
administered, the volume of the tissue treated, and the type of radiation used. The sequelae of CT/RT-OM,
including pain, odyno/dysphagia, dysgeusia, decreased oral intake, and local/systemic infection, often require
treatment delays, interruptions, and discontinuations which have negative impacts not only on the quality of life but

also on tumour control and survival 22,

Currently, the clinical management of OM is mainly aimed at alleviating symptoms, and it is therefore based on the
use of conventional drugs suitable for treating pain, inflammation, and infection such as topical anaesthetics (e.g.,
lidocaine), systemic opioid analgesics (e.g., morphine and fentanyl), and topical and systemic antibiotics and
antifungals, which are generally recommended for the prevention of infection BUBL. Treatment of oral mucosal

irAEs is generally carried out with high-potency topical steroids, or systemic steroid/immunosuppressive agents 28,
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However, preventing and/or treating any recurrence remains quite complex and often requires multiple approaches
which can cause multiple side effects. Therefore, the identification of alternative ways to prevent and treat CT and
RT-OM is necessary, especially considering the new targets recently discovered in the pathogenesis of mucosal

damage 22,

As the abnormal release of Reactive Oxygen Species (ROS) and the massive inflammatory phase are the main
causes of the onset and recurrence of OM, the use of natural antioxidants and anti-inflammatory compounds could

be a wise strategy. Among these, polyphenols have recently emerged 331,

Polyphenols in the Prevention and Management of OM

Naturally, plants produce a wide variety of molecules in response to various environmental stimuli (e.g., microbial
infection, temperature, etc.). The same compounds, due to their natural actions, could also show interesting
properties in humans, useful in the prevention and treatment of several disorders B4I33136] Among the wide variety
of plant-derived bioactive molecules, polyphenols represent a class of secondary metabolites that are widely
distributed in the plant kingdom and are generally synthesized as a defense against such environmental stresses
and pathogens B4, Tea, cocoa powder, grapes, and spices are just a few examples of rich natural sources of

polyphenols, but they are also found in edible plants and natural products such as propolis and honey 28],

The large class of polyphenols comprise a broad group of phytochemicals that includes hundreds of natural
molecules which are divided into different subclasses according to their main chemical structure. These
compounds range from small molecules such as phenolic acids or stilbenes to larger molecules such as tannins
89 The chemical characteristic that units all of the polyphenols are a phenolic structure based on phenyl ring(s) as
a core which presents one or more hydroxyl substituents, essential for the radical scavenging activity (due to
electron delocalization and stabilization of the formed radical) 7. According to their structure polyphenols can be
classified into two main groups: flavonoids and non-flavonoids (Figure 1). Flavonoids possess two phenyl rings
fused with a central heterocyclic ring containing oxygen 9. They can be further subdivided into flavonols,

flavones, flavanones, flavanols isoflavones, anthocyanidins, and chalcones.
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Figure 1. Classification of polyphenols: main classes and subclasses with some representative molecules.

On the other hand, the non-flavonoids can be divided into different subclasses such as phenolic acids, tannins,
coumarins, curcuminoids, and stilbenes 41, In recent years, polyphenols have gained the attention of researchers
all around the world thanks to their broad spectrum of bioactive properties, which may be useful in improving
human health, as well as their low side effects. They can interact with different cellular pathways, enzymatic
mechanisms, and hormones controlling gene expression 2. Thus, the mechanisms involved in their activity are
complex and often still controversial. Their wide range of biological activities includes antioxidant 28, antifungal 43
(441 anti-inflammatory 2, anti-aging 48, osteogenic 42, chemopreventive 48, and antitumoural 42 properties
which makes them potentially useful in several fields ranging from pharmaceuticals to cosmetics Y. Several in
vitro studies, in vivo studies, and clinical trials have been conducted to assess the efficacy of polyphenols against
the oral mucosa damage that occurs as a side effect of anticancer therapies. The broad-spectrum activities of
polyphenols make them ideal candidates for clinical use in many areas of medicine. However, their use is still
limited due to their unfavourable physicochemical properties such as low water solubility, instability at high
temperatures and alkaline pH, as well as a massive first-pass effect after oral administration, resulting in extremely
low bioavailability B, Recently, researchers have proposed several innovative solutions to mitigate these
drawbacks in order to benefit from the therapeutic effects of these potent molecules. Some of the most recent
innovations are related to new techniques for their extraction and manipulation and the design of innovative drug

delivery platforms and systems suitable for minimizing the degradation phenomena and improving bioavailability
51

| 3. Curcuminoids
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Curcuminoids are the main active components of the rhizomes of Curcuma longa L., an herb widely used as a
traditional remedy in China and Southeast Asia. The term “curcuminoids” indicates a mixture of compounds such
as curcumin, Dimethoxy curcumin, and Bis-dimethoxy curcumin. Furthermore, there is also a fourth molecule
called Cyclocurcumin, which was initially identified as curcuminoid but was later considered only to be a structural
isomer of curcumin 2. Curcuminoids are composed of a core structure having two aromatic benzene methoxy
rings linked by an unsaturated seven-carbon chain consisting of an a,B-unsaturated B-diketone. The presence of
this specific group ensures the pH-dependent keto-enol tautomerism 23l This keto-enol balance is very important
for the physico-chemical and antioxidant properties of curcuminoids. Considering curcumin as an example, when it
is in the enolic form both aromatic rings can interact, delocalizing the electrons present in the 1 orbitals. The
chemical structure of curcuminoids also permits a wide range of beneficial and therapeutic effects as antimicrobial
B4l anti-inflammatory 2258 neuroprotective 24, and anticancer 281,

Curcumin (CUR, Figure 2), the most studied of the curcuminoids, exerts its anti-inflammatory effects through
upregulation of the peroxisome proliferator-activated receptor gamma (PPAR-y) B2 and downregulation of NF-Kp,
thereby suppressing the subsequent synthesis of cytokines such as TNF-a, IL-1(3, IL-6 and IL-8 and vascular
endothelial growth factor (VEGF) (9. |t increases the plasma levels of superoxide dismutase (SOD) and
glutathione peroxidase, enhancing the catalase activity and reducing the plasma levels of lipid peroxidase. CUR is
able to participate in many signalling pathways by modulating several signalling molecules (e.g., pro-apoptotic

proteins, COX-2, C-reactive protein, prostaglandin E2) and adhesion molecules 611,

0O )

HO OH
OCHs3 H3CO

Figure 2. Chemical structure of curcumin.

The liphophilic-like structure confers to CUR a very low bioavailability after oral intake. Indeed, in healthy human
subjects, after oral ingestion of 10 g, CUR showed an area under the curve (AUC) of 35.33 + 3.78 pg/mL x hr and
a Cmax of 2.30 £ 0.26 pg/mL, with a half-life (T4;,) of 6.77 + 0.83 hr. In all subjects, CUR was detected in plasma
primarily as glucuronide and sulfate conjugates, rarely as free CUR. Notably, no subjects reported mild or severe
side effects 162,

3.1. In Vivo Animal Studies

The ability of curcuminoids to accelerate the resolution of inflammation and the reepithelization of the buccal

mucosa lesions is enlightened in a prospective randomized controlled—blinded in vivo study performed by Schmidt
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et al. 83 in 2019. This study included 72 male golden Syrian hamsters affected by 5-FU induced OM and evaluated
the effects of a topical treatment with (i) a mucoadhesive formulation containing curcuminoids (indicated as MCF
and consisting of mucoadhesive gel containing CUR 20 mg/mL), (ii) a Chamomilla recutita L. fluid extract (indicated
as Ad-Muc®), used as a phytotherapeutic positive control, and (i) a placebo, corresponding to the CUR-free
mucoadhesive formulation, each administered twice daily (0.5 g/dose) for 2 weeks. The treated groups (including
the placebo) were compared with a further control group, which received 5-FU alone to induce OM and was then
treated twice daily under identical conditions, but no substances were applied. The collected histopathological and
macroscopic analyses showed that both MCF and Ad-Muc® enhanced the tissue healing processes through the
formation of new epithelial tissue thus covering the entire thickness of wounds. Moreover, the reepithelization
process occurred rapidly as a result of the therapy. The so-treated hamster also exhibited lower angiogenesis,

vascularization, and TGF-B1-labelling than the control group (animal treated with 5-FU alone) and the placebo

group.

In 2022, Dvoretskiy et al. 84 evaluated the efficacy of polyphenols and nutrient topical administration in reducing
radiotherapy-induced OM in Syrian golden hamsters. Eighty 5-6-weeks-old animals were subjected to a single
dose of radiation (40 Gy) on day 0, resulting in OM after 6 days and achieving a peak (moderate or severe OM,
WHO score =3) at days 14-16. Animals were evaluated up to 28 days and treated topically from day 1 to day 20,
as follows: (i) receiving 0.25 mL of CUR 50 ug/mL in a 2% (v/v) ethanol in water solution; receiving 0.25 mL of CUR
100 pg/mL in a 2% (v/v) ethanol in water solution; (iii) control 1 receiving 0.25 mL of a 2% (v/v) ethanol in water
solution; (iv) receiving 0.25 mL of Quercetin (QRC) 50 pg/mL in a 2% (v/v) DMSO in water solution; (v) receiving
0.25 mL of QRC 100 pg/mL in a 2% (v/v) DMSO in water solution; vi) control 2 receiving 0.2 mL of a 2% (v/v)
DMSO in water solution; (vii) control 3 receiving 0.25 mL of water; (viii) receiving 0.2 mL of alanyl-glutamine
dipeptide 30 mg/mL in water; (ix) receiving 0.2 mL of Arg/GIn/HMB 50 mg/mL in water; and (x) receiving 0.2 mL of
Arg/GIn/HMB 100 mg/mL in water. With regard to CUR effectiveness, it is first remarkable that the animals in the
control ethanol group experienced severe OM (score =3) for 35.5% of the experimental days, whereas this value
decreased to 17.6% in the CUR 50 group. The OM score in the CUR 50 group was statistically reduced compared
to the control from day 10, while the CUR 100 treatment showed significant results only after 28 days. According to
the Mann—Whitney test, only CUR 50 was effective as it achieved almost 2 days of significant reduction during the
period of study. In contrast, the amino acids-based treatments did not display the expected benefit probably due to

low dosage.

3.2. Clinical Trials

The role of curcumin and curcuminoids in restoring buccal tissue in OM injuries induced by radio- and chemo-
therapies is well established in the literature. Indeed, Normando et al. 63 published a systematic review in 2019
with the aim of evaluating the effects of turmeric and curcumin in the management of chemo- and radiotherapy-
induced OM. In addition, the literature already collected by these colleagues will not be reported here again, even if
several papers should meet the inclusion criteria here selected. Consequently, only the newest papers are reported
below. It is relevant to emphasize that even if the considered time span here is limited (the last 4 years), several

papers reporting on clinical trials continue to prove the usefulness of curcuminoids to prevent and treat chemo- and
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radiotherapy-induced OM. In 2020, Shah et al. [¢8] conducted a triple-blind clinical trial to assess the effectiveness
and safety of a mouthwash containing CUR 0.1% (w/v), compared to a commercial one containing benzydamine
0.15% (w/v) (COOLORA™) for the treatment of radiotherapy-induced OM. Seventy-four patients with conclusive
OSCC and undergoing radiotherapy (60-70 Gy) were divided into two groups receiving each 10 mL of CUR-
containing mouthwash or the commercial formulation (control group) three times daily for 6 weeks. Patients were
evaluated once a week and assigned an OM score (ranging from 0 to 4). Both the preventive and the curative
effects of the treatment were assessed by evaluating the OM score. In particular, a score =1 was defined as the
onset of OM, while a score < 2 was defined as tolerable mucositis and = 3 as intolerable mucositis. There were no
significant differences between the two groups in terms of healing effect as both formulations were effective in the
treatment of OM. However, CUR emerged as a more effective preventive strategy, as the use of the CUR-
containing mouthwash reduced the risk of OM onset in almost 50% of patients and also showed a promising delay
in the OM onset of 2 weeks. Furthermore, at the end of this clinical trial, there were no subjects in the CUR group

characterized by an OM score = 3.

In 2022, de Céssia Dias Viana Andrade et al. [¢7 investigated the role of both photobiomodulation and antimicrobial
photodynamic therapy mediated by CUR and blue LED as an adjuvant strategy to manage OM in patients
undergoing chemo- or radiotherapy. Thirty patients, with stable oral mucosa lesions and treated by radio- or
chemotherapy, were randomly divided into three groups: (i) the control group receiving nystatin as standard
treatment protocol; (ii) the group treated with low-level laser (A = 660 nm, power: 100 mW) 3 times a week for 1
month; and (iii) the group treated with 450 nm blue LED and CUR (7.5 mg in 10 mL, prepared at the time of use) as
photosensitizer once a week, for 1 month each. Patients were evaluated weekly for OM score and Candida
albicans infection. Results showed that the participants who received the photo-treatments both in the presence
and in the absence of CUR, showed a long-term (after 21 or 30 days of therapy) reduction of C. albicans infection,
pain, and OM score (from the 21st day of treatment) when compared to the control group (which worsened after
the 14th day and for the entire duration of the experiment). In particular, the CUR-based option was more effective
than the photo-treatment alone in both minimizing infections and reducing OM symptoms. A double-blind clinical
trial comparing the effect of three formulations loaded with mucosamin, chlorhexidine, and CUR in the treatment of
OM was performed by Fardad et al. [8] in 2023. Specifically, 82 patients undergoing chemotherapy were divided
into three groups treated with (i) commercially available Mucosamin® oral spray (Professional Dietetics®, Milan,
Italy) four puffs/day for two weeks; (i) commercially available 0.2% (w/v) chlorhexidine mouthwash (Behsa®,
Tehran, Iran) in 1:1 dilution for 1 min four times/day for two weeks; and (iii) 0.5% (w/v) CUR-loaded gel, four
times/day for two weeks. Patients were assessed daily using the WHO score (0—4 scale) and OMAS scores (0-2
scale for erythema intensity; 0—-3 scale for ulceration). Results showed that the severity of OM, as measured by
WHO score, was significantly reduced in patients subjected to the CUR-based treatment compared to the other
groups, with a complete restoration of the lesions after 4 days. On the other end, the other two approaches did not
lead to complete recovery in the time period considered. CUR was also superior in terms of the OMAS score: the
erythema disappeared after 4 days, compared to the 6 days required for the mucosamin-based treatment, while
chlorhexidine did not resolve this symptom. Moreover, the ulcerative section parameter confirmed the complete

tissue restoration after 5 days of treatment in the CUR group (tissue restoration was almost complete after 4 days),
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whereas mucosamin required 11 days of therapy and chlorhexidine was not fully effective again. In conclusion, all
the formulations were found to be useful in the management the OM symptoms, but the use of CUR resulted in

extremely rapid effects.

Another recent example of the efficacy of turmeric in the treatment of OM is the study published by Soni et al. 69 in
2022. A double-blind clinical trial was performed on sixty patients undergoing chemotherapy. Patients were divided
into three groups: (i) low dose of bioenhanced turmeric formulation containing curcuminoids and essential oil of
turmeric (1 g/die, per 0s); (ii) high dose of bioenhanced turmeric formulation (1.5 g/die, per 0s); and (iii) placebo, for
a total of 6 weeks with concurrent chemotherapy. OM severity, dysphagia, pain, dermatitis, and weight loss were
the considered parameters evaluated during the study. Results highlighted that OM severity (grade 3) and OM-
associated symptoms were significantly lower in both the two turmeric-treated groups. Additionally, the 1.5 g/die
dose therapy was slightly more effective than the 1 g/die therapy, thus suggesting a real dose dependence.
Furthermore, the groups treated with curcuminoids were more compliant, lost less weight, and did not require
hospitalization compared to the placebo group. Due to the unfavourable physico-chemical properties of
curcuminoids, their use in human studies could be limited in terms of the choice of formulation to be administered.
As a result, the last 3 clinical studies reported below will all employ a nanostructured CUR formulation. The latter is
SinaCurcumin®, a registered nanomicellar formulation designed for oral use containing curcumin,
bisdemethoxycurcumin, and desmethoxycurcumin. This product was developed by the Nanotechnology Research
Center of Mashhad University of Medical Science and marketed by Exir Nano Sina Company in Tehran, Iran. Each
softgel capsule contains 80 mg of curcumin as nanomicelles having a CUR loading efficacy of almost 100% and
significantly higher bioavailability after oral intake than the simple curcumin powder form Q7 A double-blind
clinical trial was conducted by Delavarian et al. 2 in 2019 to assess the effects of SinaCurcumin® on radiotherapy-
induced OM. Thirty-two patients undergoing radiotherapy (50 Gy) were equally divided into study and control
groups receiving SinaCurcumin® capsules and lactose-loaded placebo tablets, respectively, once a day for 6
weeks. As observed, the study group displayed a one-week delay in the OM onset compared to the control group.
However, once OM manifested, its severity gradually increased over time in both groups throughout the
radiotherapy treatment in a time-dependent manner. Nevertheless, the beneficial effects of SinaCurcumin® were
undoubtedly confirmed as the study group showed less weight loss, probably related to the ameliorative effect of
CUR leading to better food intake, and no grade 4 OM was registered. In contrast, almost 50% of patients in the

control group manifested the highest WHO grade of mucositis.

Kia et al. 2] also evaluated the effectiveness of SinaCurcumin® in 2021. Fifty patients undergoing chemotherapy
(30-50 mg Cisplatin or 640-750 mg 5-FU) and/or radiotherapy (60-70 Gy) to treat head and neck cancers were
selected and divided into two groups: the treated group received SinaCurcumin® and the control one received
placebo capsules, both twice daily for 7 weeks. The severity of mucositis and pain scores were evaluated after 1,
4, and 7 weeks of treatment. It was shown that OM was significantly more severe in the control group than in the
treated group for the entire duration of the trial, while SinaCurcumin® reduced the pain only at the end of the
experiment. Furthermore, as expected, patients who received both chemo- and radiotherapy experienced a
worsening of the OM clinical signs compared to the patients who underwent chemotherapy alone. CUR-based

treatment was then confirmed to be effective in decreasing the severity and progression of OM, while also
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ameliorating patients’ quality of life, especially for those subjected exclusively to chemotherapy. The efficacy of
SinaCurcumin® was further demonstrated by Ramezani et al. /4 in 2023 through a randomized clinical trial
comparing the latter oral dosage form with a CUR-loaded mouthwash. Forty-five patients affected by radiotherapy-
induced OM (severity 1-3 in the WHO scale) and still ongoing radiotherapy were divided into three groups
receiving (i) 40 mg/die of SinaCurcumin®, (i) CUR mouthwash 0.1% (w/v), or (iii) placebo mouthwash, both liquid
dosage forms for 1 min, three times daily. After 21 days, all the patients treated with CUR both topically and orally
showed a reduction in OM severity, signs, and symptoms compared to the placebo group. In addition, between 15
and 33% of the subjects in the CUR-treated groups showed a complete resolution of the ulcer, while patients in the
placebo group still had OM at the end of the trial. However, no statistical differences in the efficacy of the two CUR-
loaded formulations were observed, probably due to the limited number of participants involved in the study as a
result of the COVID-19 pandemic.
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