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Abstract

In recent era, cancer is a major global health hazard and is mostly treated with either radio or chemotherapy. The above treat-
ment procedure induces a secondary concern named as oral mucositis (OM). The disorder OM is specifically associated with
oral mucosa and leads to bleeding, pain, difficulty in swallowing of solids, as well as fluids and speech difficulty. Curcumin
is explored for prevention as well as treatment of OM. The article was organized via collection of enormous literatures by
using the keywords like oral mucositis, chemotherapy, anti-inflammatory, curcumin, and clinical trials from search engines
of different domains like Scopus, PubMed/MEDLINE, Science Direct, and Google Scholar with an increasing order of
their year of publications. A numerous antineoplastic therapies resulted OM, as a devastating side effect. Moreover, the
expanded pathogenesis of the disease permits a sound predictability over the patient’s risk, thereby directing its adaptability
and management protocols towards the achievement of novel therapeutics. An augmented interest towards curcumin as a
potential therapeutic emerged because of its easy accessibility, antioxidant, anti-inflammatory, antiulcer, antimicrobial, and
wound-healing abilities along with reduced side effects. Curcumin can potentially alter OM and OM-induced weight loss

but showed a great heterogeneity.
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Introduction

Currently, cancer is a prevailing health issue throughout the
world. Around 19.3 million new cancer cases were detected
globally in 2020 [113], and on an average 70% of the case
prevailed in low and middle-income countries. The oral can-
cer scenario in India is accomplished with one third of the
global incidence/mortality rate and considered to be pre-
dominant in men at their younger age group compared to
the western world. Despite of the significant modernization
in theranostics of oral cancers, the up growing treatment
cost created a financial strain over patients as well as health-
care providers [3, 85]. The treatment protocols comprising
of radiation therapy (RT), cytotoxic chemotherapy (CT),
or both is considered to be more effective including their
long- and short-term adverse effects together with mucositis
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[28, 111]. The secondary reactions can be associated with
any region of the mucosal layer associated with gut, with
a special emphasis to oral cavity. The mechanisms associ-
ated with the cytotoxicity include inhibitory impact over the
repair and replication of DNA, cell death followed by DNA
damage, and restriction over cell-cycle [77]. Nevertheless,
the complexity of molecular pathways associated with dam-
age of oral epithelia is yet a known phenomenon [104, 110]

Oral mucositis (OM) is critically manifested via ulcer-
ation, edema, and erythema of oral mucosa resulting an
intrusive life quality through the tenure of treatment. The
development of OM predominantly allied with several
factors such as gender, poor oral hygiene, tobacco use,
age, dosage and types of drugs used in chemotherapy,
frequency of radiotherapy, and alcohol consumption [108,
109]. OM induced via chemotherapy is manifested with a
reduced keratinocyte growth factor (KGF), early release
of inflammatory cytokines, as well as reactive oxygen
species (ROS) leads to an increased mucosal apoptosis
and instigation of transcription factors like NF-Kf [27].
Moreover, the OM prorogued via radiotherapy is exhib-
ited with the release of ROS and inflammatory cytokines,
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aggravating several reaction oriented cellular apoptosis
followed by mucosal inflammation and injuries of sali-
vary glands and arterioles [18, 84]. OM is usually preva-
lent with patients subjected for conventional CT (20 to
40%), high-dose CT (80%), recipients (patients) of hemat-
opoietic cell transplants (75 to 100%), and with almost
each victim associated with head and neck squamous
carcinoma (HNSC) and experiencing RT [32, 88, 106].

The OM aggravated via chemotherapy seems to be milder
and recovered faster compared with its onset via radiother-
apy of head and neck carcinoma [10, 19]. Conversely, as per
as the studies are concerned, the treatment of OM is found to
be controversial and provides supportive treatment modali-
ties which was disapproved for preventive and therapeutic
measures [26, 56, 65, 66]. Because of the inevitable situa-
tions provoked via OM, there may be a need for parenteral
or enteral nutrition [48, 57], followed by administration of
systemic analgesics like opoids [15, 40, 58], hospitalizations
[34, 42], use of costly resources [42, 93], and risk of sepsis
[6, 64-66, 101, 117].

OM could be resulted via injuries governed by bruxism,
sharpened teeth, microorganisms, and food [1, 98]. Fur-
thermore, the xerostomia, taste alteration, and dysphagia,
developed by OM, could be manifested with some systemic
syndromes like psychological changes, anorexia, and leth-
argy. Consequently, the prolonged and recurrent hospitaliza-
tions along with the nutritional, analgesic, and supportive
care aggravated by OM condition might increase the need of
major economy and potential resources as the severity of the
disease is concerned. Three tools like Oral Mucositis Grad-
ing Scale from World Health Organization (WHO-OMGS)
(incorporating clinical criteria for evaluation of OM) [38],
Common Terminology Criteria for Adverse Events in fifth
revision (CTCAE v5.0) (for considering OM impact via
capability of eating, necessity for intervention, and pain
intensity), and finally the Radiation Therapy Oncology
Group (RTOG) (for defining harshness of RT-prompted OM
by means of a four-point scale) [38]. With the acclimatiza-
tion of immense novel anticancer agents, a quenched thera-
peutic alternatives (with mere success rate) are available
towards the prevention and/or treatment of OM [40, 110].

Despite of the devastating clinical consequences, the
patients were being offered very less towards the effective
treatment policy for prevention or mitigation of OM. Still,
the OM continues to be a substantial challenge for patients
experiencing cancer treatment. Few of the smart interven-
tions with their strong supportive evidences are nevertheless
applicable for OM. Meanwhile, the impacts of such therapies
are quite unclear, which causes great variance in the treat-
ment protocols in several medical centers [40, 125]. Regard-
less of an intense understanding of the in-depth complexi-
ties of pathogenesis and interventions for OM, there is an
urge for adapting brilliant strategies which can reduce the
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disruptive treatment impacts over the healthy tissues [40,
125].

Thus, the mission for searching of challenging alterna-
tives from the natural sources become a significant option
for transforming the field of research. In contrast with the
synthetic ones, natural compounds reveal easy accessibility
with fewer side effects and offer beneficial properties (e.g.,
antioxidant, antimicrobial and anti-inflammatory properties),
thus converting them to be considered promising therapeu-
tics. The assessment of results of objective and subjective
mucositis was described in Table 1 [12]. Apart from the
fewer side effects, toxicity robustness (caused by antineo-
plastic drugs or radiation) by the natural products is found
to be one of the finest protective measures in victims during
their therapy [37, 38].

The article was a systematic review organized via collec-
tion of enormous literatures by using the keywords like oral
mucositis, chemotherapy, anti-inflammatory, curcumin, and
clinical trials from search engines of different domains like
Scopus, PubMed/MEDLINE, Science Direct, and Google
Scholar with an increasing order of their year of publica-
tions. Around 300 articles from several publishers were being
analyzed; few of them were rejected based on non-suitability
of the required information. It takes a long period between
December 2022 and May 2024, for compiling the informa-
tion for making such an excited and impactful article.

Curcuma longa (turmeric) is a popular, culinary/traditional
medicine system in the regions like Southeast Asia and China.
Among the contents, three curcuminoids, such as demethoxy-
curcumin, bisdemethoxycurcumin, and curcumin are the key
components present in turmeric. Diferuloylmethane or cur-
cumin (1,7-bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-diene-
3,5-dione) is usually obtained from the rhizomes of C. longa
and other species of Curcuma [54, 68]. Curcumin showed a
potential antioxidant as well as anti-inflammatory (via reduc-
tion of TNF-a and NF-K) properties along with maintain cell
growth and apoptosis [9, 17, 54, 79, 79]. The antioxidant effect
of curcumin was governed by an elevated plasma levels of glu-
tathione peroxidase (GSH) and superoxide dismutase (SOD),
improved activity of catalase, and reduced level of lipid per-
oxidase in plasma. The above changes used to suppress the
oxidative stress level thereby contributed for anti-inflammatory
response [99]. Because of the bioavailability issue, curcumin
(belongs to class IV under biopharmaceutical classification)
via oral route of administration possesses a low systemic
availability and chemical instability, rapid elimination, and
low therapeutic response [7]. The in vivo study data revealed
that the nano-curcumin at a dose of 20 mg/kg is equipotent
with pure curcumin at a dose of 400 mg/kg [115]. Several
techniques/approaches like administration with adjuvants e.g.
bioconjugates [glycine, turmeric oil, epigallocatechin-3-gallate
(EGCG) and alanine], piperine, and lipids (phospholipids),
nanoparticulate approaches like micelles, liposomes, nanogels,
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Table 1 Showing the

L Scale Group Parameter  Week 1  Week2  Week3  Week4  Two month’s
assessment results of subjective follow u
and objective mucositis P

Subjective scale P value 0.488 0.171 0.001 0.001 0.001

(in grade)

GroupA 0 96.7 433 33 33 33
1 33 53.3 83.3 76.7 90
2 0 33 133 20 6.7
3 0 0 0 0 0
4 0 0 0 0 0

GroupB 0 93.6 194 0 0 0
1 6.4 74.2 22.6 19.3 19.3
2 0 6.4 71 67.7 77.5
3 0 0 6.4 12.9 32
4 0 0 0 0 0

Objective scale P value 0.488 0.171 0.001 0.001 0.001

(in grade)

Group A 1 96.7 43.3 33 6.7 6.7
2 33 533 86.7 73.3 86.6
3 0 33 10 20 6.7
4 0 0 0 0 0
5 0 0 0 0 0

Group B 1 93.6 19.4 0 0 0
2 6.4 74.2 22.6 19.3 19.3
3 0 6.4 71 67.7 71.5
4 0 0 6.4 12.9 32
5 0 0 0 0 0

The data presenting the % of patients at each grade with each point of time, unless indicated otherwise.
Group A dealing with turmeric extract (study) (n =30) and group B dealing with placebo (control) (n=31)

niosomes, dendrimers, metal and solid lipid nanoparticles,
nanomicelles, by using proteins (soy protein isolate and BSA)
and several other methods like emulsification and hydrogel
have been implemented for enhancing the bioavailability and
metabolic resistance of curcumin [53, 90]. Figure 1(1) and 1(2)
were showing the bioavailability issues, delivery strategies,
and different forms of curcumin needed for its bioavailability
enhancement [5, 116]. The effectiveness of curcumin (Sina
Curcumin) against chemotherapy (CT) and radio-chemother-
apy (RCT) induced OM was also found to be promising [24,
35, 39,49, 63, 74, 86]. The current review is basically empha-
sizing on the effectiveness of curcumin on patients undergoing
CT and RCT with or without head and neck radiotherapy but
associated with OM development.

Cytotoxic Regimens Associated with Oral
Mucositis
Epidemiology

Cancer in its devastating mode is expanding globally
with an ultimate race. Several patients treated either by

myeloablative chemotherapy or with radiation therapy
(RT)/RCT (specifically in head & neck (H&N) cancer)
will mostly develop OM as an adverse event of the treat-
ment intervention [118]. Moreover, OM is considered
to be the greatest severity that occurs with the patients
during Hematopoietic cell transplantation (HCT) (42%)
[29]. The onset rate for severe OM (SOM) in clinical
trial patients (placebo-treated), with an exposure of total
body irradiation, is around 98% [119, 121]. The severity
of OM is highly prevalent in adults (24.4%) and children
(25.6%) compared to the elderly (9.2%). The frequency
of OM development among the patients enduring HCT
regimens of reduced-intensity was of 73.2% versus the
myeloablative of 86.5% and methotrexate, cyclosporine/
methotrexate and prophylaxis via sirolimus/tacrolimus
modulated graft-versus-host disease (GvHD) [25, 52].
H&N cancer patients (65%) treated with RT or RCT
revealed SOM [8, 20]. The incidence rate of OM is
greatly influenced via radiation field, tumor site, and
use of concomitant and dose variable RT/RCT [114].
Similarly, the incidence rate of OM in numerous chem-
otherapy treated patients include the following: breast
cancer (in 65% of patients (> 1400 patients) treated with
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Fig. 1 (1) Showing bioavailabil-
ity issues, delivery strategies,
and forms of curcumin to be
administered for its bioavail-
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doxorubicin, docetaxel, and cyclophosphamide with 5%
SOM), lung cancer (in 15% of patients (> 1500 patients)
treated with platinum/gemcitabine along with 1% SOM),
colon cancer (in 14% of patients (898 patients) treated
with 5-fluorouracil along with 1.7% SOM), non-Hodg-
kin lymphoma (in 6.6% of > 1400 treated patients), and
63.57% in pediatric cancer patients [30, 37].

Clinical Manifestations and Outcomes

The acute OM is manifested with pseudomembranous for-
mations, ulceration, and atrophy followed by a primary
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erythema of oral mucosa (initial 3—4 days) [15]. The inten-
sity got maximized within 2 weeks followed by a sponta-
neous healing at around 21 days [28, 69]. The progression
of OM in myeloablative HCT was reported to be worst and
faster compared to nonablative chemotherapy. The clinical
manifestations of OM specifically generated via a cumula-
tive doses of radiation (from 15 to 20 grays (Gy) with low
severity and up to 30 Gy with maximum severity) [4, 28,
69]. RT-induced OM in H&N cancer patients revealed a
significant weight loss [20, 43, 89, 96, 122, 124]. Chronic
OM was developed in (approximately in 8% of patients
with 3.8% developing mouth ulcerations) after H&N RT
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(post radiation therapy) and revealed with atrophy, telan-
giectasias, and erythema [41, 67].

Differential Diagnosis

OM can be diagnosed on the basis of onset, patient history,
and clinical findings. The clinical course of OM (evaluat-
ing the lesions) should not be confused with viral (Herpes
simplex virus [HSV]) or secondary fungal (candidiasis)
infections. The HSV-induced ulcers differs from OM and
usually localized in the areas like the gingivae, keratinized
mucosa of the tongue dorsum, and hard palate. On a clini-
cal back ground (swab test or biopsy), the non-HSV viral
infections, bacterial, and deep fungal infections (oral)
should be differentiated from OM. However, the differ-
ential diagnosis towards oral ulceration in OM is deeply
associated with erythema multiforme/Stevens—Johnson
syndrome and drug eruption [40].

Risk Factors
Patient-Linked Factors

Sex is an important criteria as most of the reported data
revealed that females are highly prone towards develop-
ment of OM [98] and also equally supported by dosimetric
analysis (on the basis of calculation of body weight (in kg)
or surface area) and performance of baseline [22, 98]. In
addition to the above, some non-significant factors like
smoking habit, age, body mass index, oral hygiene, genetic
variations with drug metabolic pathway, immune signal-
ing, and mechanism of cellular repair are also associated
with the risk of OM [50, 98]. Similarly, various other
factors associated with development of OM include use
of certain medication, comorbidities, preceding therapy,
neutropenia/leukopenia, and uncontrolled diabetes mel-
litus [41].

Tumorigenic Factors

Few tumorigenic factors like stage and site may aggravate
the risk for OM and SOM [98]. Radiation regimen (field and
dose) associated with H&N cancer therapy increases the risk
of exposure for the mucosal tissues leading to development
of OM [40].

Treatment-Linked Factors

Several risk factors linked with prognosis of OM are
enhanced dose/fractions of RT [70], chemotherapy (by

melphalan and methotrexate) [22], and myeloablative situa-
tion prior to HCT [23, 77, 105].

Risk Associated with Pediatric Patients

Children with high level of anxiety, low body weight, nau-
sea/vomiting, and previous history of OM are on high prior-
ity towards development of OM [16, 75]. Microbial disease
conditions such as oral Candida infections, HSV type 1,
non-specific bacterial infections [44, 75], retinoblastoma,
lymphoma, nephroblastoma, neuroblastoma, and chemother-
apy (via daunorubicin, doxorubicin, methotrexate, etoposide,
vincristine, cytarabine, and busulfan) reportedly enhanced
the risk of OM in pediatric cancer patients [30, 44, 120].

Pathophysiology of OM

Since last decades, the researchers have put significant
impact for indulging the complexity of mucositis [110].
A model of five phases started with (i) commencement of
cell injury, (ii) boosting of cytokines level, (iii) responses
associated with primary damage, (iv) amplification of the
signals of inflammatory cascades, and finally (v) the ulcera-
tion followed by mucosal repair via proliferation of epi-
thelia [28, 40, 71, 111]. The cascades of OM along with
their phases were narrated in Fig. 2 [79, 80]. The phase
initiation in mucositis resembles with the CT and/or RCT-
based cell damage/injury of oral mucosa in different cancer
patients and begins instantly with the initiation of antineo-
plastic therapy [21, 104, 110]. The upregulation of second
phase was by generation of messengers which is associated
with development of cytotoxicity, reactive nitrogen species
(RNS) and the oxygen species (ROS) causing DNA dam-
age and death of suprabasal and basal epithelial cells [28,
110, 111] with the activation of apoptosis via the induction
of nuclear factors like kB (NF-xB) and p53 [13, 123]. The
stimulation and release of pro-inflammatory cytokines (via
activation of transcription factor) such as tumor necrosis
factor (TNF-a), interleukin-1p (IL-1f), and interleukin-6
(IL-6) lead to endothelial damage by restraining tissue oxy-
genation, thereby resulting death of basal cells of epithelia
[11, 13, 15, 28, 62, 123]. The pathways depicting the impact
of radio-chemotherapy over the healthy oral mucosa and
the impact of herbal medicines on cancer chemotherapy-
induced OM were depicted in Fig. 3A & B [97]. The sign-
aling as well as amplification (third phase) is subjected to
enzyme activation, apoptosis, vascular permeability, and tis-
sue damage resulting in the activation of molecules towards
innate immune response causing additional tissue damage
[15, 33]. The mucositis-based ulceration (due to the dis-
ruption between mucosal and submucosal integrity) as the
clinical symptom was noticed in fourth phase along with
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Fig.2 The schematic descrip-
tion of different phases in the
biologic progression of mucosi-
tis. Reproduced with permission
from reference [55]
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pain [40, 104, 111]. The increased production of pro-inflam-
matory cytokines leading to tissue damage was observed in
neutropenic [13, 123]. The pathophysiology mucositis was
narrated in Fig. 4 [88]. The common infectious elements
causing several infections in such patients include Candida
albicans, herpes simplex, and Aspergillus [88]. The natural
healing of the conditions are usually achieved after the ces-
sation of chemotherapy which can be confirmed by migra-
tion, epithelial proliferation, and promotion of extracellular
matrix differentiation [28, 111]. After the recovery of the
oral mucosa, still the patient has a high risk of recurrence
of the disease (because of the residual angiogenesis) [15,
40, 87].

Curcumin, a Potential Therapeutic Against
oM

Curcumin, the key content among the components of cur-
cuma longa is a lipophilic polyphenol and was vastly studied
as well as applied towards numerous therapies [55, 61]. Cur-
cumin regulates the cellular apoptosis and proliferation via
interacting with kinases, growth factors, transcription fac-
tors, enzymes, proteins, and receptors [31, 51, 60, 103]. Cur-
cumin is proven to be beneficial against OM by upregulating
TGF-f1, thereby promoting re-epithelialization via stimu-
lation of fibronectin and production of collagen through
fibroblasts, thereby accelerating the granulation rate [73,
95, 103]. Apart from that, the nuclear factor-kB (NF-kB)
instigation was significantly inhibited by curcumin followed
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by the activation of nuclear factor erythroid 2-related factor
2 (Nrf2) [73, 95, 103]. COX-2 could be induced selectively
via inflammatory and mitogenic stimuli, thereby resulting
an elevated prostaglandin synthesis (IL-6). The upregulation
of superoxide dismutase (SOD) expression was significantly
activated by NF-xB [73, 95, 103]. The summary of descrip-
tive characteristics of included clinical studies containing
turmeric preparations against mucositis that was discussed in
Table 2 [76]. The expression of the enzymes like glutathione
peroxidase (GSH-px), catalase (CAT), SOD, and glutathione
(GSH) were enhanced by curcumin by regulating Nrf2 [73,
95, 103]. Similarly, curcumin prorogued the wound-healing
activity by declining the levels of lipid peroxides (LPs) [81].

The assessment of a placebo-controlled study of curcumin
mouthwash (on pediatrics undergoing CT) towards prevention
of OM was conducted [39] and compared with chlorhexidine
mouthwash (0.2%, 30 drops twice daily) and Curcumall® (a
ginger-curcumin dietary supplement) at 10 drops twice daily
during the CT treatment. The results revealed the safety and
tolerability of curcumin mouthwash on the patients [39]. In
another study, the effectiveness of curcumin mouthwash was
analyzed (via a randomized trial) in cancer patients endur-
ing RT and experiencing OM [86]. The case group received
curcumin mouthwash (0.004% at a dilution ratio of 1:5, thrice
daily for 20 days), whereas the targeting of control group was
carried out via chlorhexidine mouthwash (0.2% at a dilution
ratio of 1:1, thrice daily for 20 days). The result unveiled a
faster wound healing efficiency with a better patient compli-
ance by curcumin mouth wash for managing RT-induced
OM (p <0.001) [86]. The nanomicelles containing curcumin
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Fig.3 A Schematic summary of pathways depicting the possi-
ble effects of radio-chemotherapy on the healthy oral mucosa and
potential effects of herbal medicine on cancer therapy-induced oral
mucositis and its potential related mechanisms. B The potential
mechanisms of the effectiveness of herbal bioactive compounds for
the treatment of cancer therapy-induced oral mucositis. Herbs with
anti-inflammatory and anti-microbial properties can disrupt two main
stages of mucositis development with chemotherapy and radiation
therapy. Radio-chemotherapy in the first phase of mucositis devel-
opment increases inflammatory markers. On the other hand, herbal
medicine with several mechanisms suppresses inflammatory path-
ways. For example, these natural products prevent LOX and COX-
2activity. As shown in the figure, LOX increases the levels of LTE-

was evaluated for their efficacy against OM (32 patients) in
neck and head cancer patients undergoing RT [35]. The case
group was receiving Sina Curcumin® [one capsule containing
nanomicelles of curcumin (80 mg)] developed by Exir Nano
Sina, an industry from Tehran (Iran) during RT, and the con-
trol group was subjected to placebo tablets containing lactose.
As per the available report, all patients developed OM from
placebo group, compared with 32% of the test group [35].

4, and COX-2 increases PGE2, both metabolites of polyunsaturated
fatty acids, which play a significant role in increasing inflammation.
Radio-chemotherapy also increases the amounts of NF-Kb, which
increases inflammatory cytokines such as TNF-a, IL-6, and IL-1.
NF-Kb also increases the level of NO and the level of COX-2. These
inflammatory factors initiate the process of progression of mucositis.
Herbal medicine also suppresses the activity of NF-Kb, which results
in a significant reduction in inflammatory markers. In addition, herbs
with anti-microbial properties can play a significant role in inhibiting
mucositis development. COX, cyclooxygenase; LOX, lipoxygenase;
PG, prostaglandin; LT, leukotriene; NO, nitric oxide; iNOS, inducible
NO synthase; TNF-a, tumor necrosis factor-a; NF-Kb, nuclear factor-
KB; IL, interleukin. Reproduced with permission from reference [62]

Kia et al. revealed the effectiveness of the curcumin
nanomicelles (capsules) towards the prevention/treatment
of CT/RT induced OM over the palliative treatments against
the head and neck RT induced OM. The report denoted no
such significant difference in OM severity at an elevated
dose (more than 1 capsules a day) [59]. Normando et al.
reported that the patients receiving curcumin mouthwash
or gel experienced a low grade pain, mucositis, erythema,
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Fig.4 Mucositis pathophysiology: a normal tissue and b initiation
phase and primary injury response. Radio and chemotherapy-induced
damages lead to an increase in DNA double strand brakes and ROS
production with a consequent induction of cell apoptosis and DAMPS
release. DAMPs and ROS signaling promote the NF-kB-mediated
transcription of cytokines; ¢ amplification of the injury signal. The
effectors produced during the previous phase lead to an amplifica-
tion of the injury signal. The released TNF-a initiates the activation

and ulceration, denoting an effective control system. Moreo-
ver, further clinical trials are obligatory for confirming the
impact of curcumin against OM [76]. Shah et al. conducted
a randomized clinical trial (with 74 neck and head cancer
patients) for evaluating the safety and efficacy of mouth
wash containing curcumin nanoparticles (0.1%) and benzy-
damine mouthwash (0.15%) against radiation-induced oral
mucositis (RIOM). The outcomes of MIT analysis revealed
a reduced risk (50%) of onset of RIOM in both the mouth-
washes. Moreover, curcumin mouthwash (0.1%) has signifi-
cantly delayed the onset of RIOM [102].

Soni et al. evaluated the impact of turmeric formulation
against RCT induced OM in oral cancer patients. Patients,
randomized in different groups, received capsules with equal
volume of bio-enriched turmeric formulation (BTF) [either
at high or low dose, i.e., 1.5 or 1.0 g/day or with the amend-
ment of placebo] on regular basis for a duration of 6 weeks
along with RCT. The finding revealed that, BTF (BCM-95®)
showed a substantial reduction in RCT induced OM, oral
pain, dermatitis, and dysphagia in cancer patients (oral)
[107]. Adhvaryu et al. evaluated the impact of curcumin
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of MAPK that sustains NF-kB activity. During this stage, the primary
damage signaling is amplified through positive-feedback loop mecha-
nisms. d Ulceration. Breaks in the submucosa allow microorgan-
isms to invade this tissue district leading to mononuclear-infiltrating
cells-mediated inflammation response. (e) Tissue re-epithelialization.
Stimuli from the submucosa extracellular matrix and mesenchyme
promote the healing process. Reproduced with permission from ref-
erence [64]

against head and neck cancer induced OM undergoing RCT
via a controlled clinical trial group. The results demonstrated
a significant reduction in onset of mucositis in both, the cur-
cumin treated and the control groups. Curcumin denoted a
remarkable protective efficiency against RCT induced OM.
However, a perfectly designed RCT with a prolonged follow-
up towards the prognostic implications is imperative [2].

Rao et al. evaluated the effectiveness of turmeric for
prevention and treatment of radiation-induced OM. A ran-
domized controlled clinical trial (single-blind) was con-
ducted by considering patients (n =40) for turmeric gargle
or povidone-iodine (n=40) undergoing CT/RCT. The OM
was assessed via RTOG (Radiation Therapy Oncology
Group) all over the investigation period. The findings of the
study revealed that, in comparison to the gargle of povidone-
iodine, the case group who received turmeric gargle showed
a delayed and reduced level of OM with the statistical sig-
nificance (P <0.001 to P<0.0001). Patients dealing with
turmeric gurgles and undergoing radiation therapy denoted a
delayed and reduced severity of OM thus received complete
recommendation [91].
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Fardad et al. estimated the effectiveness of curcumin,
mucosamin, and chlorhexidine against RT/RCT induced
OM. The double blind randomized trials (with 71 adult
patients suffering from RT/RCT induced OM) were con-
ducted for mucosamin, curcumin, and chlorhexidine groups.
On the basis of WHO modulated measures (such as Numeri-
cal Rating Scale (NRS) and Oral Mucositis Assessment
Scale (OMAS) towards erythema), a thorough recovery
was noticed (after third day of receiving the medication) in
curcumin group and was considered to be too early paral-
leled to other groups (P <0.05). Similarly, the OMAS score
towards ulceration revealed (from 5th day onwards) a smart
and faster approach in the curcumin group, compared with
other groups (P =0.04). Thus, on the basis of the findings, it
can be concluded that though all approaches were effective
against OM, but curcumin bids a faster recovery compared
to chlorhexidinem and ucosamin [45].

Clinical trials conducted by Zhang et al. have explored
curcumin for treatment as well as prevention of OM in car-
cinoma patients (head and neck). The meta-analysis has
unveiled the safety and efficacy of curcumin against CT/
RT prompted OM in different cancer patients. Curcumin
has significantly abridged the weight loss (conducted six
studies with 266 patients) of patients in both therapeutic
as well as prophylactic phases. It has also reduced the OM
severity compared with chlorhexidine. It has been concluded
that curcumin was found to be a safe and natural bioactive
which can efficiently preclude and treat RT/CT induced OM
along with weight loss [126]. Mansourian et al. evaluated the
impact of topical gel of curcuma longa against RT-induced
mucositis in neck and head carcinoma patients against a con-
trol group. The patients (37) were administered with topi-
cal gel of curcuma longa (for 8 weeks) prior of undergoing
RT for evaluating the presence/absence of OM. The results
revealed an impact of curcumin gel for restricting the pro-
gress of OM in case group compared to controls. Thus, it has
been concluded that the curcuma formulation was successful
in limiting mucositis and thereby helpful in reducing the
RT-induced oral lesions size [74].

Another research comprised of the determination of
combinational therapeutic response of curcumin and honey
against OM by adopting pre and post-test design quasi-
experimental non-equivalent control group along with the
non-probability purposive sampling technique. The results
inferred the effectiveness of the curcumin honey combina-
tion against OM [49]. Luer et al. studied the potential dif-
ference between the synthetic (SCUR) and naturally derived
curcumin (nCUR) against OM. They reported an equipoten-
tiality (via in vitro assays) of both sCUR and nCUR against
OM. The sCUR was found to be highly pure, soluble (in
DMSO), odorless, tasteless, and lacking batch-to-batch vari-
ability of CUR content compared to nCUR. Thus, it was
recommended as a promising agent against OM [72].

@ Springer

Dharman et al. have conducted the clinical trials
[nine studies with 582 patients undergoing radiation
therapy (RT)/RCT] of curcumin administered orally
(1500-2000 mg/day), mouth wash of nano curcumin
(80 mg/day/0.1%mouthwash), and curcumin topical gel
(at an increased frequency) without observing any serious
adverse effects. The meta-analysis of case data revealed
a reduction in severity as well as delayed onset of the
OM during the exposure of RT/RCT compared with the
control group. The therapy (curcumin) reduced the level
OM (Grade 3). The pain score of curcumin treated group
exhibited a significant reduction compared to chlorhex-
idine. The therapy of curcumin was found to be safe, effi-
cacious, and immensely delay the severity and onset of
the RT/RCT-induced OM. Hence, it was recommended
against OM with more clinical trial approaches for further
clarification [36].

Patents

The prevention and treatment protocol for mucositis
containing either single or combinational approaches of
curcumin was invented by Sonis et al. for the patients/
individuals preparing to undergo or undergoing can-
cer therapy [112]. In another study, Rezvani et al. have
invented the anticipation and management of mucositis by
a combinational approach of curcumin with sunflower oil
and a-tocopherol [92]. Novel methods and compositions
were designed by Bascomb et al. that provide cytoprotec-
tion (either alone or in amalgamation with several chemo
or radiation cancer therapies) against cancer-induced
digestive mucositis, oral mucositis, intestinal mucositis,
and esophageal mucositis [14]. Similarly, the innovative
approach of Rosenthal et al. comprised of a therapeutic
composition containing biocompatible reverse-thermal
gelation polymer against mucositis [94]. Moreover, a novel
composition comprising of gamma-cyclodextrin and cur-
cumin (1:1) was invented by Parkkinen et al. The devel-
oped complex of curcumin (stable and water-soluble) was
effective against cancer-induced gastrointestinal and oral
mucositis and was found to be applicable against animal
and human subjects [82].

Expert Opinion

Being a culinary constituent, curcumin is effective towards
the prevention/treatment of OM (palliative and local treat-
ments) induced either by radiotherapy or chemotherapy.
Though plenty of options are available for the treatment
of OM, but still curcumin in its differential formulation
approaches could be highly effective (evidenced from



Indian Journal of Surgical Oncology

clinical trial outcomes) with minimum side effects and
maximum safety. The need of the hour to explore such
therapeutic is maintenance of its purity, defining of dos-
ing accuracy, wide clinical trial approach with a sufficient
number of patients, validated/approved clinical trial proto-
col by the competent authority, and the industrial scale-up.
Statistical approach—based validation of clinical data could
be an advanced approach which can accelerate the process
of clinical trial efficacy with minimum error and maxi-
mum output. Some advanced therapeutic controlled trials
with novel formulations like nano-therapeutics such as
curcumin-loaded liposomes, phytosomes, trasferosomes,
and ethosomes could be developed which can accelerate
the healing process. Similarly, some oral mucoadhessive
sprays containing the drug components could be planned
for a better and prompt therapy. Multiple drug approach
from natural origin could be a great choice to overcome
resistant mucositis.

Conclusions and Future Perspectives

A numerous antineoplastic therapies resulted OM, as a dev-
astating side effect. Moreover, the expanded pathogenesis of
the disease permits a sound predictability over the patient’s
risk thereby directing its adaptability and management pro-
tocols towards the achievement of novel therapeutics. Nev-
ertheless, standard guidelines towards management of OM
(prevention and treatment) have displayed any effectiveness
significantly. In recent era, an augmented interest towards
curcumin (a natural product) as a potential therapeutic
was emerged because of its easy accessibility, antioxidant,
anti-inflammatory, antiulcer, antimicrobial, and wound-
healing abilities along with reduced side effects. Curcumin
can potentially alter OM and OM-induced weight loss but
showed a great heterogeneity. Furthermore, in view of the
limitations, the benefits must be corroborated via high-
quality RCTs. Over few years, multiple efforts have been
appended for developing nature based therapies. Natural
compounds were now being exposed for clinical trials.
Despite of the advancements made in this area (few products
already existing in the market), still more investigations are
essential to ensure the market appearance/launching of such
products in bulk.
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