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Abstract: Oral mucositis is a toxic side effect of non-surgical cancer treatments: chemotherapy and
radiotherapy, which strongly impair quality of life and can not only cause strong pain, but also
lead to problems with basic physiological needs as eating and swallowing. Development of oral
mucositis is associated with type, dosage, and schedule of radiation or chemotherapy and other factors
related to patients. Management of oral mucositis is a valid problem, requiring topical application
of anesthetics, coating agents, cryotherapy, low level laser therapy, pharmacological methods as
usage of keratinocyte growth factors, supplementation of vitamins, and a proper diet. Another
approach to oral mucositis measurement includesphotobiomodulation, which brings analgesic and
anti-inflammatory effects. Although oral mucositis is a general health issues, the role of proper
dental care is essential. It should include elimination of all potential sources of mucosal injury and
microorganisms inhabiting theoral cavity through oral hygiene education, professional management
ofdental plaque, and treatment of the caries and periodontium, which are necessary to reduce the risk
of inflammation in the oral cavity. This paper describes the possibilities of monitoring oral mucositis,
taking into account the latest therapeutic achievements.
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1. Introduction

Chemotherapy and radiotherapy are widely used methods of non-surgical cancer treatments for
head and neck tumors which prolong life or even completely treat the disease. However, they cause
numerous toxic side effects, including oral mucosa disorders [1,2], which strongly impairs quality of
life [3]. The most widely observed disorderis oral mucositis, which concerns 75% of high risk patients
treated with radiotherapy or high-dose chemotherapy [1,4]. Otherwise, according to Sonis, almost all
patients who receive chemotherapy and cumulative radiation doses of >30 Gy are likely to develop
oral mucositis [5], whereas Elting at al. claim that clinical evidence of radiation-induced oral mucositis
is 80-91% [6]. Severe oral mucositis might be the cause of unplanned hospitalization or even lead to
treatment changes including breaks in radiation [7] or reduction of chemotherapy dosage [8], resulting
in negative effects on treatment outcome [9,10]. Management of oral mucositis requires a holistic
approach, including cooperation with dental practitioners, to provide patients with a proper care.
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Aim of the present study is to present an interdisciplinary overview on oral mucositis in patients
treated for head and neck tumors.Therefore, a descriptive review of the literature onpathogenesis, risk
factors, diagnosis, and treatment strategies has been performed.

2. Pathogenesis and Risk Factors of Oral Mucositis

The process of oral mucositis development is very complex and includes five phases: initiation,
primary damage response, signal amplification, ulceration, and healing [11]. The initiation of oral
mucositis requires DNA damage which causes lack of proliferation ability in epithelium basal cells.
However, even more important is generation of reactive oxygen species (ROS) [12-14]. In primary
damage response the activation of transcription factors is observed, which results in upregulation of
pro-inflammatory cytokines, cytokines modulators, adhesion molecules, stress responders, and matrix
metalloproteinases. This leads to thinning of the epithelium and oral mucosa destruction caused by
tissue injury and cell death [15,16]. Signal amplification is the ability of some of the molecules present
in previous phases to potentiate and strengthen tissue injury [11]. However, development of ulceration
is the most significant mucositis stage due to the fact that it is highly symptomatic for the patient.
Ulcers are colonized by both gram-positive and gram-negative bacteria present in the oral cavity [15].
Products of bacterial metabolism may exaggerate damage of the oral mucosa and stimulate additional
release of pro-inflammatory cytokines. Healing of ulcerative lesions in oral mucositis is spontaneous
and requires a series of biological processes appearing on the submucosa layer [15,16].

Risk factors of oral mucositis might be divided to treatment- and patient-related categories.
However, even the tumor itself can be highly significant. Treatment-related factors are associated
with the type, dosage, and schedule of the radiation or chemotherapy, drug selection, and potential
usage of adjuvant agents [15]. Patient-related factors are older age, body mass index, oral environment,
and genetic predispositions [15]. Female gender also plays a significant role, as it has been proven
that female patients present higher risk of oral mucositis for methotrexate [17] and 5-fluorouracil
(5-FU) treatments [18]. Oral mucositis is a disease which may also concern children;however patients
under the age of 10 present less severe symptoms and shorter duration chemotherapy-related oral
mucositis [19].

Genetic factors also play an essential role in development of oral mucositis. Firstly, genes pose
an impact on the action of enzymes which metabolize chemotherapy drugs, for instance a defect of
dihydropryrimidine dehydrogenase would increase the potential toxicity risk of 5-FU [15]. However,
known enzymatic deficiencies regarding oral mucositis predisposition are rare.

3. Clinical Features of Oral Mucositis

Clinical manifestation of oral mucositis takes various forms and might develop from mucosal
erythema to small lesions and ulceration. The most commonly used scale to measure symptoms of oral
mucositis for both clinical and research purposes is the World Health Organization WHO scale [20].
(Table 1):

Table 1. The World Health Organization (WHO)scale for oral mucositis.

Grade 0 No oral mucositis

Grade 1 Erythema and soreness

Grade 2 Ulcers, able to eat solids

Grade 3 Ulcers, requires liquid diet (due to mucositis)
Grade 4 Ulcers, alimentation not possible (due to mucositis)

Another scale, divided into clinical examination and symptoms, was developed by the National
Cancer Institute (NCI) [21] (Table 2).
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Table 2. The National Cancer Institute (NCI) scale for oral mucositis.

Oral mucositis (clinical examination)

Grade1 Erythema of the mucosa
Grade2  Patchy ulcerations or pseudomembranes
Grade3  Confluent ulcerations or pseudomembranes; bleeding with minor trauma
Grade4  Tissue necrosis; significant spontaneous bleeding; life-threatening consequences
Grade5 Death
Oral mucositis (functional/ symptomatic)
Grade1l Minimal symptoms, normal diet
Grade2 Symptomatic but can eat and swallow modified diet
Grade3  Symptomatic and unable to adequately aliment orhydrate orally
Grade4  Symptoms associated with life-threateningconsequences
Grade5 Death

The oral mucositis assessment scale by Olsen et al. differentiates oral mucositis by theamount of
lesions, mucosal erythema, and presence of bleeding, and is presented in Table 3 [22].

Table 3. Western Consortium for Cancer Nursing ResearchWCCNRstomatitis staging system.

Score Lesions Erythema Bleeding
0 None 50% or more pink None
1 1-4 50% or more slightly red
2 >4 50% or more moderately red ~ With eating or mouth care
3 More than 50% denuded 50% or more very red Spontaneous

Clinical features of oral mucositis can be also estimated by an oral assessment guide created by
Eilers et al. which is presented in Table 4 [23].

Table 4. Oral assessment guide of oral mucositis.

Category Tools for Methods of Numerical and Descriptive Ratings
Assessment Measurement 1 2 3
Difficulty
Voice Auditory Converse with patient Normal Deeper or raspy talking or
painful
Ask patient to swallow.
Swallow Observation To test gag reflex, gently Normal swallow  Some pain on swallow Unable to
place blade on back of swallow
tongue and depress
Lip Visual/palpation ~ Observe and feel tissue Sm(;c:g Ianrz)cilslt)mk Dry or cracked U{)Clireac;?r?gor
Coated or loss of
T . . Feel and observe Pink and moistand ~ papillae with a shiny Blistered or
ongue Visual/palpation . . .
appearance of tissue papillae present appearance with or cracked
without redness
Insert blade into mouth,
Saliva Tongue blade tﬁ?:gigf;?ﬁgiﬁ?ggir Watery Thick or ropy Absent
of the mouth
Mucus Observe appearance of Reddened or coated Ulcerations
Visual . Pink and moist (increased whiteness)  with or without
membrane tissue . . .
without ulcerations bleeding
Spontaneous
S Tongue blade Gently press tissue with . . Edematous with or bleeding or
Gingiva an% visual ytll; of blade Pink and stippled without redness bleeding%/vith
pressure
Plaque or debris in Plaque or
Teeth Visual Observe appearance of Clean and no localized area debris
teeth debris (between teeth if generalized

present)

along gum line




Int. |. Environ. Res. Public Health 2020, 17, 2464 40f12

At the beginning stages of oral mucositis, it clinically manifests only as a mucosal erythema,
without any lesions or ulcerations, and patients complain only about a feeling of burning. Although
such a form of oral mucositis appears at the beginning of chemotherapy or radiation, in some cases it
may not transform to more severe stages [24]. However, the majority of patients develop more severe
forms of oral mucositis, which manifest as deep and very painful ulcerative lesions of all oral mucosa,
which preclude physiological functions as nutrition or swallowing. Ulcers occurring in oral mucositis
have significantly different clinical manifestations than ulcers associated with aphthous stomatitis
or any dental trauma. Borders of mucositis ulcers are difficult to define and we do not observe the
peripheral ring of erythema, which is caused by lack of inflammatory components. The location of
changes is uncharacteristic; erythema and ulcers associated with oral mucositis may appear in all areas
of oral mucosa, but most frequently on buccal mucosa, the floor of the mouth, the soft palate, and
borders of the tongue. In case of ulceration localized on the dorsal surface of the tongue, gingiva, or
hard palate, other etiology might be suspected [24].

There are significant differences between oral mucositis induced by chemotherapy and head and
neck radiation. Patients subjected to chemotherapy start to present symptoms one week after treatment
and heal within two weeks. On the contrary, mucositis induced by radiation requires more time to
evolve and heal. In that cases ulceration usually appear two weeks after the beginning of radiation
and disappear around three to four weeks after the end of the radiation series [11,24]. Mucositis being
a result of target therapies is believed to differ from both chemo- and radiotherapy induced mucositis
and clinical manifestation of ulcers seems to be more like aphthosus stomatitis [25].

Mucositis is mostly associated with pain, which strongly decreases patients’ quality of life.
This poses a negative effect on patients” physical, emotional, and social comfort [26]. Increase of
mucositis symptoms also presents negative correlation with patients” ability to follow the treatment plan
of the underlying disease and extends the time of required hospitalization [7].Patients suffering from oral
mucositis often require hydration, parental nutrition, pain management, and hospitalization, whereas
patients without symptoms of severe oral mucositis might be treated in an ambulatory setting [27].
Ulcerated mucosa is also prone to secondary infections, which may develop to systemic infections,
which is another reason for longer hospitalization of patients suffering from oral mucositis [28]. These
may lead to a costs increase of supportive care of patients undergoing chemo- and radiotherapy [27,28].

4. Material end Methods

A literature search for relevant papers indexed in the literature from 2011 to 2020 was conducted
using PubMed and Scopus databases. In our paper we included only randomized studies concerning
cryotherapy, photobiomodulation (PBM), and usage of palifermin or caphosol among patient with oral
mucositis. Key words included: oral mucositis, management, prevention, cryotherapy, low level laser
therapy, photobiomodulation, palifermin, caphosol, randomized trial. Low level laser therapy (LLLT)
is an old term; however is a still-used form of treatment and a PubMed key word.

We have also screened the references of the systematic reviews and meta-analyses to identify
additional, original studies that were not found in our prior search.

5. Management of Oral Mucositis

Proper management of oral mucositis is a key element to improve patients’ quality of life and
reduce time of required hospitalization. Good basal oral health is significant in reduction of the risk and
severity of oral mucositis [2,29]. All potential sources of mucosal injury should be eliminated before
the beginning of chemo- and radiotherapy because they may exaggerate and extend development
of oral mucositis [2,24]. Sharp surfaces of teeth must be restored, orthodontic appliances removed,
and dental prosthesis used as rarely as possible [30]. Reduction in the amount of microorganisms
inhabiting oral cavity is also an important issue. Oral mucositis is not an infectious disease, however
secondary colonization of ulcerations poses a negative influence on mucosal healing processes [24].
The largest reservoir of microorganisms in the oral cavity is supra- and subgingival dental plaque
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which makes the periodontium a source for potential acute infections [29]. A professional management
ofdental plaque is essential to reduce risk of inflammation in the oral cavity. Proper oral hygiene is
also valid in this case, especially if salivary flow is reduced after radiotherapy. All patients should be
provided with oral hygiene education [24].

Another aspect which may reduce the symptoms of oral mucositis is a proper diet. Tobacco,
alcohol, and all acidic, spicy, and products containing processed sugar should be eliminated [3,8].
Strong pain associated with oral mucositis can made food intake difficult or even impossible. This is
the reason why soft and liquid diets might be required. Patients who are expected to develop severe
symptoms of oral mucositis sometimes undergo prophylactic placement of a gastrostomy tube [31].

Reduction of oral mucositis symptoms can be acquired by using special mouthwashes containing
topical anesthetics and coating agents, antibiotics, angifungals, and steroids [32]. Topical anesthetics
should ensure local pain control, however potential systemic side effects should be minimal. They may
cause alteration of taste and should not be administrated as a prophylaxis [21]. Coating agents
may also bring pain reduction by forming a protective coating on an ulcerated oral mucosa.
However, this method is insufficient among patients with severe oral mucositis that require systemic
analgesics, including opioids [33]. Corticosteroid can also be used due to their anti-inflammatory
properties [34]. Management of oral mucositis may include usage of benzydamine mouthwash due
to its anti-inflammatory properties, which inhibit production of TNFx and IL-1f [35]. According to
Ariyawardanaet al.,benzydamine mouthwash is the only anti-inflammatory agent with evidence in
prevention of oral mucositis [36]. Topical anesthetic agents are very common usedamong patients with
oral mucositis and clinical experience suggests that they can be beneficial in some patients to provide
temporary relief. However, topical morphine concentrations are not clearly defined and range from
0.08 for the gel to 0.2% to 2% for the rinse which can lead to a conclusion that this topic requires further
evaluation [37].

Patients undergoing radiation often suffer from xerostomia and hyposalivation, which may
increase the risk of local infection and impede mastication. Firstly, it is advised to sip water as often
as possible and use artificial saliva or other supporting products. If these methods areinsufficient,
cholinergic agents are required [31].

Treatment of oral mucositis may also include supplementation of vitamins A and E. Vitamin E,
being an antioxidant, may cause a reduction of the severity of mucositis by decreasing the damage
from oxygen radicals [2]. Vitamin A can restrain inflammation process and its decreased level among
patients with severe oral mucositis was observed [34]. However, according to a systematic review by
Yarom et al., there islimited evidence of vitamin efficiency in management of oral mucositis and in this
case no guidelinesarepossible [38].

There are also natural methods of oral mucositis management including honey and herbal
compounds. Topical application of honey has been observed to promote wound healing [39] and
presents anti-microbial properties which may be useful in prevention of secondary infections [40].
According to a systematic review prepared by Yarom et al., there isclinical evidence that topical
application combined with systemic administration of honey is beneficial in prevention of oral
mucositis among patients treated with chemotherapy or head and neck radiotherapy [41].

In severe cases of oral mucositis induced by chemo- and radiotherapy, where proper dental care,
diet, and usage of topical agents are insufficient, there are also other methods including cryotherapy,
photobiomodulation (PBM), and usage of palifermin or caphosol.

Cryotherapy has also been proven to reduce symptoms of oral mucositis among patient undergoing
chemotherapy, due to vasoconstriction and reduction of blood flow. It is believed that topical usage
of ice chips fiveminutes before administration of the chemotherapy dosage reduces blood flow and
decreases delivery of chemotherapeutics to oral mucosa [42]. According to Askarifar et al., cryotherapy
is more effective than saline mouthwash in reducing the severity of mucositis. This was a single,
blinded, randomized clinical trial including 29 patients. Patients receiving cryotherapy developed less
severe forms of oral mucositis [43]. Cryotherapy seems to be a promising method of oral mucositis
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management, however has not been well examined among patient undergoing chemotherapy and head
and neck radiation yet. However, there are interesting randomized studies concerning the effectiveness
of cryotherapy on oral mucositis induced by allogeneic hematopoietic stem cell transplantation. In a
prospective randomized study conducted by Lu et al. on a group of 145 patients receiving allogeneic
hematopoietic stem cell transplantation, the effectiveness of cryotherapy in oral mucositis management
was proven. In this study patients were receiving cryotherapy from the beginning of a conditioning
regimen infusion until the end (whole course), from the midpoint of a conditioning regimen infusion
until the end (second half of the course), and as part of daily nursing practice. It was proven that
cryotherapy could decrease the incidence and duration of severe oral mucositis and the results were
comparable between groups receiving whole-course and half-course schedules. However, cryotherapy
should not be used as a part of a daily routine care due to the potential damage of oral mucosa [44].
On the contrary, according to a randomized controlled trial conducted by Kamsvag et al. on a group
of 49 pediatric patients undergoing hematopoietic stem cell transplantations, no reduction in the
incidence of severe oral mucositis after application of cryotherapy was observed [45].

Another approach to oral mucositis measurement includes photobiomodulation, previously
named low level laser therapy, which has analgesic and anti-inflammatory effects and accelerates
wound heling [46,47]. Prophylactic and therapeutic photobiomodulation can be used to reduce
symptoms of oral mucositis. This is a topical application of a monochromatic, coherent light source,
which presents a cytoprotective effect. In reduction of oral mucotitis symptoms, low level laser therapy
should be used before and during oxidative stress connected with chemo- and radiotherapy [48].
According to meta-analysis conducted by Migliorati et al. [49], He et al. [50], and Bjordal et al. [51], there
is a strong effectiveness of photobiomodulation in reduction of oral mucositis symptoms, including
duration, severity, and pain. No serious side effects were reported [51]. In a randomized placebo
controlled trial conducted by Gantam et al. on a group of 46 elderly patients with radiation induced
oral mucositis, PBM decreased the severity of oral mucositis and also reduced usage of analgesics [52].
Another randomized placebo controlled trial, which was conducted by Oton-Leite et al. on a group of
30 patients with head and neck cancer, resulted in the conclusion that PBM was effective in reducing
the severity of chemoradiotherapy-induced oral mucositis [53]. A randomized placebo controlled trial
which was conducted by Antunes et al. on a group of 94 patients also proved that PBM is effective
in preventing chemoradiotherapy-induced oral mucositis and improves quality of life [54]. Recent
experimental studies conducted by Rezk-Allah et al. on a group of 80 patients proved that PBM
pose a positive effect on chemotherapy induced oral mucositis and is well-tolerated by patients [55].
All patients with oral mucositis received PBM 6 days/week and the outcome parameters were levels
of TNF-« and IL-6 measured before, during, and after administration of PBM. Usage of PBM results
in improvement of oral mucositis; however, the mechanism of action does not seem to be related to
the change of pro or anti-inflammatory cytokines and further research isrequired to fully understand
the mechanisms of influence of laser therapy on oral mucosa [55]. According to a systematic review
prepared by Zadik et al.,photobiomodulation is recommended for the prevention of oral mucositis [56].
However, according to a prospective study conducted by Guedes et al.,photobiomodulation with
high doses of laser energy (1.0] versus 0.25]) causes only a small improvement in prevention and
management of oral mucositis [57]. The effectiveness of photobiomodulation in oral mucositis
management is difficult to estimate due to the fact that there are different therapy protocols used in
conducted clinical trials.

There are also pharmacological methods of oral mucositis treatment. An agent approved to use
in oral mucositis treatment is palifermin, keratinocyte growth factor-1. This is a protein produced
by mesenchymal cells which stimulates cellular responses and is expressed almost exclusively by
epithelial cells in a wide variety of tissues, including buccal mucosa [58]. Palifermin is clinically proven
to reduce severity and duration of oral mucositis and improve quality of life [59-62]. In randomized
and placebo-controlled studies conducted by Henke et al. on a group of 186 patients it was proven
that palifermin not only decreased the severity and duration of oral mucositis, but also reduced the
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occurrence of this chemo-radiation side effect. In this study patients received weekly palifermin
120 ug/kg or placebo from 3 days before and continuing through out chemoradiotherapy [61]. Le at al.
also concluded that palifermin reduced symptoms and severity of oral mucositis. In this randomized
and placebo-controlled study, patients received palifermin (180 pg/kg) or the placebo once before
starting chemoradiotherapy and then once weekly for 7 weeks [62]. Research by Henke at al. showed
only mild side effects of palifermin and there were also no negative influences on treatment results.
Furthermore, survival of patients receiving palifermin and the placebo were almost the same [61].
Moreover, according to Stiff et al., the long term safety outcomes among patients receiving palifermin
in oral mucositis treatment and the placebo were comparable [63].

Another promising pharmacological method of oral mucositis treatment was caphosol, a
mouthwash which is well-tolerated by patients and presents no side effects [64]. This is a calcium
phosphate electrolyte solution which replaces normal ionic balance, modulates apoptosis, regulates
mediators of pain and inflammation, and activates epithelial proliferation. According to Papas
et al., statistically significant reduction in oral mucositis duration after usage of caphosol was
observed [65]. However, other research did not confirm the effectiveness of caphosol. In a
double-blinded placebo-controlled randomized trial conducted by Raphael et al. on a group of
29 patients, where 15 of them received caphosol, the therapeutic use of caphosol was not beneficial in
the treatment of oral mucositis in comparison to the placebo [66]. A similar conclusion was presented
by Rao et al. in a phase II multicenter trial conducted on 98 patients receiving head and neck radiation.
Caphosol was taken by patients at least 4 times a day and up to 10 times per day beginning with
day 1 of radiation and for a total duration of 8 weeks after completion of radiation. Caphosol did
not significantly reduce oral mucositis classified as WHO grade 2 or higher [67]. Treiser et al., in a
randomized double-blinded placebo-controlled clinical trial conducted on a group of 220 children and
young adults, also did not observe a reduction of oral mucositis severity due to caphosol usage [68].
Caphosolwasalso examined by Svanberg et al. in comparison to cryotherapy. In this randomized study,
the experimental group received cryotherapy combined with caphosol and control group received only
cryotherapy. Cryotherapy was administrated from the start to the end of high dose chemotherapy and
caphosolwas administered from day 0 to day 21. There were observed noadditional effects of caphosol
usage [69].

A summary of randomized double-blind studiesincluding cryotherapy, photobiomodulation
(PBM), and usage of palifermin or caphosol is presented in Table 5.

Table 5. Studies on cryotherapy, photobiomodulation (PBM), and usage of palifermin or caphosol.

Management and Treatment

Author Number of Patients Type of Study of Oral Mucositis
Askarifaret al. (2016) [43] 29 patients Randomized study Cryotherapy
Lu et al. (2020) [44] 145 patients Prospective randomized study Cryotherapy
Kamsvag T et al. (2020) [45] 49 patients Randomized study Cryotherapy
Gantam et al. (2015) [52] 46 patients Randomized study PBM
Oton-Leite et al. (2015) [53] 30 patients Randomized study PBM
Antunes et al. (2013) [54] 94 patients Randomized study PBM
Henke et al. (2011) [61] 186 patients Randomized study Palifermin
Le et al. (2011) [62] 94 patients Randomized study Palifermin
Raphael et al. (2014) [66] 29 patients Randomized study Caphosol

From the technological point of view, the recent developments of radiotherapy modalities have
reduced the volume of the exposed healthy mucosa, decreasing the treatment toxicity [70].

6. Conclusions

Oral mucositis is a severe side effect of head and neck radiation and chemotherapy which highly
impairs patients’ quality of life and can not only cause strong pain, but also leads to problems with
basic physiological needs such as eating and swallowing. The pathogenesis of oral mucositis is well
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known; however more studies in the field of treatment are required. There are several methodsof oral
mucositis management, but no specific guidelines have been created andclinical studies conducted in
previous years present conflicting results. Although oral mucositis is a general health issue, the role of
proper dental care is essential in management of this disease.

Author Contributions: Conceptualization: A K., B.A.J.-F,, D.C.; methodology: A.K., B.A.J.-E, D.C.; formal analysis:
AK,B.AJ-F,D.C. and D.A. data curation, D.C., A.K. supervision, B.AJ.-F, D.A. original draft preparation: A.K,,
D.C, B.AJ.-F. and D.A. writing—review and editing: A.K., D.C. All authors have read and agreed to the pulished
version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare that there is no conflict of interest.

References

1. Al-Dasooqi, N.; Sonis, S.T.; Bowen, ].M.; Bateman, E.; Blijlevens, N.; Gibson, R.J.; Logan, R.M.; Nair, R.G.;
Stringer, A.M.; Yazbeck, R.; et al. Emerging evidence on the pathobiology of mucositis. Support. Care Cancer
2013, 21, 3233-3241. [CrossRef] [PubMed]

2. Alterio, D.; Jereszek-Fossa, B.A.; Fiore, M.R.; Piperno, G.; Ansarin, M.; Orecchia, R. Cancer Treatment-induced
Oral Mucositis. Anticancer Res. 2007, 27, 1105-1126. [PubMed]

3. Bockel, S.; Vallard, A.; Levy, A.; Francois, S.; Bourdis, M.; Le Gallic, C.; Riccobono, D.; Annede, P.; Drouet, M.;
Tao, Y.; et al. Pharmacological modulation of radiation-induced oral mucosal complications. Cancer Radiother
2018, 22, 429-437. [CrossRef] [PubMed]

4. Scully, C.; Sonis, S.; Diz, P.D. Oral mucositis. Oral Dis. 2006, 12, 229-241. [CrossRef] [PubMed]

5. Sonis, S.T. Oral mucositis. Anticancer Drugs 2011, 22, 607-612. [CrossRef]

6.  Elting, L.S.; Cooksley, C.D.; Chambers, M.S.; Garden, A.S. Risk, outcomes, and costs of radiation-induced
oral mucositis among patients with headand- neck malignancies. Int. |. Radiat. Oncol. Biol. Phys. 2007, 68,
1110-1120. [CrossRef]

7. Vera-Llonch, M,; Oster, G.; Hagiwara, M.; Sonis, S. Oral mucositis in patients undergoing radiation treatment
for head and neck carcinoma. Cancer 2006, 106, 329-336. [CrossRef]

8.  Saadeh, C.E. Chemotherapy- and radiotherapy-induced oral mucositis: Review of preventive strategies and
treatment. Pharmacotherapy 2005, 25, 540-554. [CrossRef]

9.  Elting, L.S.; Cooksley, C.; Chambers, M.; Cantor, S.B.; Manzullo, E.; Rubenstein, E.B. The burdens of cancer
therapy. Clinical and economic outcomes of chemotherapy induced mucositis. Cancer 2003, 98, 1531-1539.
[CrossRef]

10. Trotti, A.; Bellm, L.A.; Epstein, ].B.; Frame, D.; Fuchs, H.J.; Gwede, C.K.; Komaroff, E.; Nalysnyk, L.;
Zilberberg, M.D. Mucositis incidence, severity and associated outcomes in patients with head and neck
cancer receiving radiotherapy with or without chemotherapy: A systematic literature review. Radiother.
Oncol. 2003, 66, 253-262. [CrossRef]

11.  Sonis, S.T. Pathobiology of oral mucositis: Novel insights and opportunities. J. Support. Oncol. 2007, 5, 3-11.
[PubMed]

12.  Sonis, S.T. New thoughts on the initiation of mucositis. Oral Dis. 2010, 16, 597-600. [CrossRef] [PubMed]

13.  Sonis, S.T. The biologic role for nuclear factor-kappaB in disease and its potential involvement in mucosal
injury associated with anti-neoplastic therapy. Crit. Rev. Oral Biol. Med. 2002, 13, 380-389. [CrossRef]
[PubMed]

14. Sonis, S.T. The pathobiology of mucositis. Nat. Rev. Cancer 2004, 4, 277-284. [CrossRef]

15.  Sonis, S.T. Mucositis: The impact, biology and therapeutic opportunities of oral mucositis. Oral Oncol. 2009,
45,1015-1020. [CrossRef]

16. Sonis, S.T. A biological approach to mucositis. J. Support. Oncol. 2004, 2, 21-32.

17. Igawa, M.; Kadena, H.; Ueda, M.; Usui, T. Association between patient characteristics and treatment history,
and toxicity associated with methotrexate, vinblastine, adriamycin and cisplatin (M-VAC) for advanced
urothelial cancer. Br. . Urol. 1994, 73, 263-267. [CrossRef]

18. Sloan,].A.; Loprinzi, C.L.; Novotny, PJ.; Okuno, S.; Nair, S.; Barton, D.L. Sex differences in fluorouracil-induced
stomatitis. J. Clin. Oncol. 2000, 18, 412-420. [CrossRef]


http://dx.doi.org/10.1007/s00520-013-1900-x
http://www.ncbi.nlm.nih.gov/pubmed/23842598
http://www.ncbi.nlm.nih.gov/pubmed/17465250
http://dx.doi.org/10.1016/j.canrad.2017.11.006
http://www.ncbi.nlm.nih.gov/pubmed/29776830
http://dx.doi.org/10.1111/j.1601-0825.2006.01258.x
http://www.ncbi.nlm.nih.gov/pubmed/16700732
http://dx.doi.org/10.1097/CAD.0b013e3283462086
http://dx.doi.org/10.1016/j.ijrobp.2007.01.053
http://dx.doi.org/10.1002/cncr.21622
http://dx.doi.org/10.1592/phco.25.4.540.61035
http://dx.doi.org/10.1002/cncr.11671
http://dx.doi.org/10.1016/S0167-8140(02)00404-8
http://www.ncbi.nlm.nih.gov/pubmed/18046993
http://dx.doi.org/10.1111/j.1601-0825.2010.01681.x
http://www.ncbi.nlm.nih.gov/pubmed/20846150
http://dx.doi.org/10.1177/154411130201300502
http://www.ncbi.nlm.nih.gov/pubmed/12393757
http://dx.doi.org/10.1038/nrc1318
http://dx.doi.org/10.1016/j.oraloncology.2009.08.006
http://dx.doi.org/10.1111/j.1464-410X.1994.tb07515.x
http://dx.doi.org/10.1200/JCO.2000.18.2.412

Int. |. Environ. Res. Public Health 2020, 17, 2464 90f12

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Damascena, L.C.L.; De Lucena, N.N.N.; Ribeiro, I.L.A.; De Araujo, T.L.P.; De Castro, R.D.; Bonan, PR.F;
Lima Neto, E.D.A.; De Aradjo-Filho, L.M.; Valenga, AM.G. Factors Contributing to the Duration of
Chemotherapy-Induced Severe Oral Mucositis in Oncopediatric Patients. Int. |. Environ. Res. Public Health
2018, 15, 1153. [CrossRef]

Sonis, S.T.; Eilers, ].P.; Epstein, ].B.; Le Veque, E.G.; Liggett, W.H., Jr.; Mulagha, M.T.; Peterson, D.E.; Rose, A.H.;
Schubert, M.M.; Spijkervet, FK. Validation of a new scoring system for the assessment of clinical trial research
of oral mucositis induced by radiation or chemotherapy. Cancer 1999, 85, 2103-2113. [CrossRef]

Keefe, D.M.; Schubert, M.M.; Elting, L.S.; Sonis, S.T.; Epstein, J.B.; Raber-Durlacher, J.E.; Migliorati, C.A.;
McGuire, D.B.; Hutchins, R.D.; Peterson, D.E. Updated clinical practice guidelines for the prevention and
treatment of mucositis. Cancer 2007, 109, 820-831. [CrossRef] [PubMed]

Olsen, K.; Hanson, J.; Hamilton, J.; Stacey, D.; Eades, M.; Gue, D. Assessing the reliability and validity of the
revised WCCNR stomatitis staging system for cancer therapy-induced stomatitis. Can. Oncol. Nurs. ]. 2004,
14, 168-174. [CrossRef] [PubMed]

Eilers, ].; Berger, A.M.; Petersen, M.C. Development, testing, and application of the oral assessment guide.
Oncol. Nurs. Forum 1988, 15, 325-330. [PubMed]

Sonis, S.T. Oral Mucositis; Springer Healthcare: Berlin, Germany, 2012. [CrossRef]

Peterson, D.E.; Srivastava, R.; Lalla, R.V. Oral mucosal injury in oncology patients: Perspectives on maturation
of a field. Oral Dis. 2015, 21, 133-141. [CrossRef]

Elting, L.S.; Keefe, D.M.; Sonis, S.T.; Garden, A.S.; Spijkervet, EK.; Barasch, A.; Tishler, R.B.; Canty, T.P;
Kudrimoti, M.K.; Vera-Llonch, M. Patient-reported measurements of oral mucositis in head and neck cancer
patients treated with radiotherapy with or without chemotherapy: Demonstration of increased frequency,
severity, resistance to palliation, and impact on quality of life. Cancer 2008, 113, 2704-2713. [CrossRef]
Nonzee, N.J.; Dandade, N.A.; Patel, U.; Markossian, T.; Agulnik, M.; Argiris, A.; Patel, ].D.; Kern, R.C,;
Munshi, H.G.; Calhoun, E.A; etal. Evaluating the Supportive care costs of severe radiochemotherapy-induced
mucositis and pharyngitis: Results from a Northwestern University Costs of Cancer Program pilot study
with head and neck and nonsmall cell lung cancer patients who received care at a county hospital, a veterans
Administration hospital, or a comprehensive cancer care center. Cancer 2008, 113, 1446-1452.

Sonis, S.T.; Oster, G.; Fuchs, H.; Bellm, L.; Bradford, W.Z.; Edelsberg, J.; Hayden, V.; Eilers, ].; Epstein, ].B.;
LeVeque, EG,; et al. Oral mucositis and the clinical and economic outcomes of hematopoietic stem-cell
transplantation. J. Clin. Oncol. 2001, 19, 2201-2205. [CrossRef]

Djuric, M.; Hillier-Kolarov, V.; Belic, A.; Jankovic, L. Mucositis prevention by improved dental care in acute
leukemia patients. Support. Care Cancer 2006, 14, 137-146. [CrossRef]

Scully, C.; Epstein, J.; Sonis, S. Oral mucositis: A challenging complication of radiotherapy, chemotherapy,
and radiochemotherapy. Part 2: Diagnosis and management of mucositis. Head Neck 2004, 26, 77-84.
[CrossRef]

Lalla, R.V;; Sonis, S.T.; Peterson, D.E. Management of Oral Mucositis in Patients Who Have Cancer. Dent.
Clin. North Am. 2008, 52, 61-77. [CrossRef]

Bensinger, W.; Schubert, M.; Ang, K.K.; Brizel, D.; Brown, E.; Eilers, ].G.; Elting, L.; Mittal, B.B.; Schattner, M.A.;
Spielberger, R.; et al. NCCN Task Force Report: Prevention and management of mucositis in cancer care.
J. Natl. Compr. Cancer Netw. 2008, 6 (Suppl. S1), S1-521.

Barasch, A.; Elad, S.; Altman, A.; Damato, K.; Epstein, J. Antimicrobials, mucosal coating agents, anesthetics,
analgesics, and nutritional supplements for alimentary tract mucositis. Support. Care Cancer 2006, 14, 528-532.
[CrossRef] [PubMed]

High, K.P,; Legault, C.; Sinclair, ].A.; Cruz, J.; Hill, K.; Hurd, D.D. Low plasma concentrations of retinol and
alpha-tocopherol in hematopoietic stem cell transplant recipients: The effect of mucositis and the risk of
infection. Am. J. Clin. Nutr. 2002, 76, 1358-1366. [CrossRef] [PubMed]

Chang, J.E.; Min, SW.; Kim, C.S.; Han, S.H.; Kwon, Y.S.; Hwang, ].Y. Effect of prophylactic benzydamine
hydrochloride on post- operative sore throat and hoarseness after tracheal intubation using a double-lumen
endobronchial tube: A randomized controlled trial. Can. |. Anaesth. 2015, 62, 1097-1103. [CrossRef]
Ariyawardana, A.; Cheng, KK.F; Kandwal, A,; Tilly, V,; Al-Azri, A.R; Galiti, D.; Chiang, K.; Vaddi, A.;
Ranna, V.; Nicolatou-Galitis, O.; et al. Systematic review of anti-inflammatory agents for the management of
oral mucositis in cancer patients and clinical practice guidelines. Support. Care Cancer 2019, 27, 3985-3995.
[CrossRef]


http://dx.doi.org/10.3390/ijerph15061153
http://dx.doi.org/10.1002/(SICI)1097-0142(19990515)85:10&lt;2103::AID-CNCR2&gt;3.0.CO;2-0
http://dx.doi.org/10.1002/cncr.22484
http://www.ncbi.nlm.nih.gov/pubmed/17236223
http://dx.doi.org/10.5737/1181912x143168174
http://www.ncbi.nlm.nih.gov/pubmed/15379376
http://www.ncbi.nlm.nih.gov/pubmed/3287344
http://dx.doi.org/10.1007/978-1-907673-46-7_1
http://dx.doi.org/10.1111/odi.12167
http://dx.doi.org/10.1002/cncr.23898
http://dx.doi.org/10.1200/JCO.2001.19.8.2201
http://dx.doi.org/10.1007/s00520-005-0867-7
http://dx.doi.org/10.1002/hed.10326
http://dx.doi.org/10.1016/j.cden.2007.10.002
http://dx.doi.org/10.1007/s00520-006-0066-1
http://www.ncbi.nlm.nih.gov/pubmed/16775648
http://dx.doi.org/10.1093/ajcn/76.6.1358
http://www.ncbi.nlm.nih.gov/pubmed/12450904
http://dx.doi.org/10.1007/s12630-015-0432-x
http://dx.doi.org/10.1007/s00520-019-04888-w

Int. |. Environ. Res. Public Health 2020, 17, 2464 10 of 12

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Saunders, D.P; Rouleau, T.; Cheng, K.; Yarom, N.; Kandwal, A ; Joy, J.; BektasKayhan, K.; van de Wetering, M.;
Brito-Dellan, N.; Kataoka, T.; et al. Systematic review of antimicrobials, mucosal coating agents, anesthetics,
and analgesics for the management of oral mucositis in cancer patients and clinical practice guidelines.
Support. Care Cancer 2020, 28, 2473-2484. [CrossRef]

Yarom, N.; Hovan, A.; Bossi, P; Ariyawardana, A.; Jensen, S.B.; Gobbo, M.; Saca-Hazboun, H.; Kandwal, A.;
Majorana, A.; Ottaviani, G.; et al. Systematic review of natural and miscellaneous agents for the management
of oral mucositis in cancer patients and clinical practice guidelines-part 1: Vitamins, minerals, and nutritional
supplements. Support. Care Cancer 2019, 27, 3997-4010. [CrossRef]

Molan, P.C. The evidence supporting the use of honey as a wound dressing. Int. J. Low. Extrem. Wounds
2006, 5, 40-54. [CrossRef]

Willix, D.J.; Molan, P.C.; Harfoot, C.G. A comparison of the sensitivity of wound-infecting species of bacteria
to the antibacte- rial activity of manuka honey and other honey. J. Appl. Bacteriol. 1992, 73, 388-394. [CrossRef]
[PubMed]

Yarom, N.; Hovan, A.; Bossi, P.; Ariyawardana, A.; Jensen, S.B.; Gobbo, M.; Saca-Hazboun, H.; Kandwal, A.;
Majorana, A.; Ottaviani, G.; et al. Systematic review of natural and miscellaneous agents, for the management
of oral mucositis in cancer patients and clinical practice guidelines—Part 2: Honey, herbal compounds, saliva
stimulants, probiotics, and miscellaneous agents. Support. Care Cancer 2020, 10, 3997-4010. [CrossRef]
Aisa, Y.; Mori, T.; Kudo, M.; Yashima, T.; Kondo, S.; Yokoyama, A.; Ikeda, Y.; Okamoto, S. Oral cryotherapy
forthe prevention of high-dosemelphalan induced stomatitis in allogeneic hematopoietic stem cell transplant
recipients. Support. Care Cancer 2005, 13, 266-269. [CrossRef] [PubMed]

Askarifar, M.; Lakdizaji, S.; Ramzi, M.; Rahmani, A.; Jabbarzadeh, F. The effects of oral cryotherapy on
chemotherapy-induced oral mucositis in patients undergoing autologous transplantation of blood stem cells:
A clinical trial. Iran. Red Crescent Med. |. 2016, 18, €24775. [CrossRef] [PubMed]

Lu, Y;; Zhu, X.; Ma, Q.; Wang, J.; Jiang, P; Teng, S.; Zhou, L.; Wu, D.; Wang, H. Oral cryotherapy for
oral mucositis management in patients receiving allogeneic hematopoietic stem cell transplantation: A
prospective randomized study. Support. Care Cancer 2020, 28, 1747-1754. [CrossRef] [PubMed]

Kamsvdég, T.; Svanberg, A.; Legert, K.G.; Arvidson, J.; von Essen, L.; Mellgren, K.; Toporski, J.; Winiarski, J.;
Ljungman, G. Prevention of oral mucositis with cryotherapy in children undergoing hematopoietic stem cell
transplantations-a feasibility study and randomized controlled trial. Support. Care Cancer 2020, 28, 1-11.
Zecha, ].A.; Raber-Durlacher, J.E.; Nair, R.G.; Epstein, ].B.; Sonis, S.T.; Elad, S.; Hamblin, M.R.; Barasch, A.;
Migliorati, C.A.; Milstein, D.M.; et al. Low level laser therapy/photobiomodulation in the management of
side effects of chemoradiation therapy in head and neck cancer: Part 1: Mechanisms of action, dosimetric,
and safety considerations. Support. Care Cancer 2016, 24, 2781-2792. [CrossRef]

Zecha,].A.; Raber-Durlacher, J.E.; Nair, R.G.; Epstein, J.B.; Elad, S.; Hamblin, M.R.; Barasch, A.; Migliorati, C.A.;
Milstein, D.M.; Genot, M.T.; et al. Low-level laser therapy/photobiomodulation in the management of side
effects of chemoradiation therapy in head and neck cancer: Part 2: Proposed applications and treatment
protocols. Support. Care Cancer 2016, 24, 2793-2805. [CrossRef]

Lubart, R.; Eichler, M.; Lavi, R,; Friedman, H.; Shainberg, A. Low-energy laser irradiation promotes cellular
redox activity. Photomed. Laser Surg. 2005, 23, 3-9. [CrossRef]

Migliorati, C.; Hewson, I.; Lalla, R.V. Systematic review of laser and other light therapy for the management
of oral mucositis in cancer patients. Support. Care Cancer 2013, 21, 333-341. [CrossRef]

He, M.; Zhang, B.; Shen, N.; Wu, N.; Sun, J. A systematic review and meta-analysis of the effect of low-level
laser therapy (LLLT) on chemotherapy-induced oral mucositis in pediatric and young patients. Eur. |.
Pediatrics 2018, 177, 7-17. [CrossRef]

Bjordal, ].M.; Bensadoun, R.J.; Tuner, J.; Frigo, L.; Gjerde, K.; Lopes-Martins, R.A. A systematic review
with meta-analysis of the effect of low-level laser therapy (LLLT) in cancer therapy-induced oral mucositis.
Support. Care Cancer 2011, 19, 1069-1077. [CrossRef]

Gautam, A.P; Fernandes, D.].; Vidyasagar, M.S.; Maiya, A.G.; Guddattu, V. Low level laser therapy against
radiation induced oral mucositis in elderly head and neck cancer patients-a randomized placebo controlled
trial. J. Photochem. Photobiol. B 2015, 144, 51-56. [CrossRef] [PubMed]


http://dx.doi.org/10.1007/s00520-019-05181-6
http://dx.doi.org/10.1007/s00520-019-04887-x
http://dx.doi.org/10.1177/1534734605286014
http://dx.doi.org/10.1111/j.1365-2672.1992.tb04993.x
http://www.ncbi.nlm.nih.gov/pubmed/1447054
http://dx.doi.org/10.1007/s00520-019-05256-4
http://dx.doi.org/10.1007/s00520-004-0726-y
http://www.ncbi.nlm.nih.gov/pubmed/15668755
http://dx.doi.org/10.5812/ircmj.24775
http://www.ncbi.nlm.nih.gov/pubmed/27257512
http://dx.doi.org/10.1007/s00520-019-04966-z
http://www.ncbi.nlm.nih.gov/pubmed/31302767
http://dx.doi.org/10.1007/s00520-016-3152-z
http://dx.doi.org/10.1007/s00520-016-3153-y
http://dx.doi.org/10.1089/pho.2005.23.3
http://dx.doi.org/10.1007/s00520-012-1605-6
http://dx.doi.org/10.1007/s00431-017-3043-4
http://dx.doi.org/10.1007/s00520-011-1202-0
http://dx.doi.org/10.1016/j.jphotobiol.2015.01.011
http://www.ncbi.nlm.nih.gov/pubmed/25704314

Int. |. Environ. Res. Public Health 2020, 17, 2464 11 of 12

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Oton-Leite, A.F,; Silva, G.B.; Morais, M.O.; Silva, T.A.; Leles, C.R.; Valadares, M.C.; Pinezi, ].C.; Batista, A.C.;
Mendonca, E.F. Effect of low-level laser therapy on chemoradiotherapy-induced oral mucositis and salivary
inflammatory mediators in head and neck cancer patients. Lasers Surg. Med. 2015, 47, 296-305. [CrossRef]
[PubMed]

Antunes, H.S.; Herchenhorn, D.; Small, I.A.; Araujo, C.M.; Viegas, C.M.; Cabral, E.; Rampini, M.P;
Rodrigues, P.C,; Silva, T.G.; Ferreira, ENM.; et al. Phase III trial of low-level laser therapy to prevent oral
mucositis in head and neck cancer patients treated with concurrent chemoradiation. Radiother. Oncol. 2013,
109, 297-302. [CrossRef]

Rezk-Allah, S.S.; AbdElshaf, H.M.; Farid, R.].; Hassan, M.A.E.; Alsirafy, S.A. Effect of Low-Level Laser
Therapy in Treatment of Chemotherapy Induced Oral Mucositis. . Lasers Med. Sci. 2019, 10, 125-130.
[CrossRef] [PubMed]

Zadik, Y.; Arany, PR,; Fregnani, E.R.; Bossi, P.; Antunes, H.S.; Bensadoun, R.J.; Gueiros, L.A.; Majorana, A.;
Nair, R.G.; Ranna, V,; et al. Systematic review of photobiomodulation for the management of oral mucositis
in cancer patients and clinical practice guidelines. Support. Care Cancer 2019, 27, 3969-3983. [CrossRef]
[PubMed]

Guedes, C.D.C.EV.; de Freitas Filho, S.A.].; de Faria, P.R.; Loyola, A.M.; Sabino-Silva, R.; Cardoso, S.V.
Variation of Energy in Photobiomodulation for the Control of Radiotherapy-Induced Oral Mucositis: A
Clinical Study in Head and Neck Cancer Patients. Int. ]. Dent. 2018, 22, 270-279. [CrossRef] [PubMed]
Finch, PW.; Rubin, J.S. Keratinocyte growth factor/fibroblast growth factor 7, a homeostatic factor with
therapeutic potential for epithelial protection and repair. Adv. Cancer Res. 2004, 91, 69-136.

Spielberger, R.; Stiff, P.; Bensinger, W.; Gentile, T.; Weisdorf, D.; Kewalramani, T.; Shea, T.; Yanovich, S.;
Hansen, K; Noga, S.; et al. Palifermin for oral mucositis after intensive therapy for hematologic cancers.
N. Engl. ]. Med. 2004, 351, 2590-2598. [CrossRef]

Vadhan-Raj, S.; Trent, J.; Patel, S.; Zhou, X.; Johnson, M.M.; Araujo, D.; Ludwig, J.A.; O'Roark, S;
Gillenwater, A.M.; Bueso-Ramos, C.; et al. Single-dose palifermin prevents severe oral mucositis during
multicycle chemotherapy in patients with cancer: A randomized trial. Ann. Intern. Med. 2010, 153, 358-367.
[CrossRef]

Henke, M.; Alfonsi, M.; Foa, P; Giralt, ].; Bardet, E.; Cerezo, L.; Salzwimmer, M.; Lizambri, R.; Emmerson, L.;
Chen, M.G.; et al. Palifermin decreases severe oral mucositis of patients undergoing postoperative
radiochemotherapy for head and neck cancer: A randomized, placebo-controlled trial. J. Clin. Oncol. 2011,
29, 2815-2820. [CrossRef]

Le, Q.T; Kim, HE,; Schneider, C.J.; Murakozy, G.; Skladowski, K.; Reinisch, S.; Chen, Y.; Hickey, M.;
Mo, M,; Chen, M.G.; et al. Palifermin reduces severe mucositis in definitive chemoradiotherapy of locally
advanced head and neck cancer: A randomized, placebo-controlled study. J. Clin. Oncol. 2011, 29, 2808-2814.
[CrossRef] [PubMed]

Stiff, PJ.; Leinonen, M.; Kullenberg, T.; Rudebeck, M.; Chateau, M.; Spielberger, R. Long-Term Safety
Outcomes in Patients with Hematological Malignancies Undergoing Autologous Hematopoietic Stem Cell
Transplantation Treated with Palifermin to Prevent Oral Mucositis. Biol. Blood Marrow Transplant. 2016, 22,
164-169. [CrossRef] [PubMed]

Quinn, B. Efficacy of a supersaturated calcium phosphate oral rinse for the prevention and treatment of oral
mucositis in patients receiving high-dose cancer therapy: A review of current data. Eur. J. Cancer Care 2013,
22,564-579. [CrossRef] [PubMed]

Papas, A.S.; Clark, R.E.; Martuscelli, G.; O'Loughlin, K.T.; Johansen, E.; Miller, K.B. A prospective, randomized
trial for the prevention of mucositis in patients undergoing hematopoietic stem cell transplantation. Bone
Marrow Transplant. 2003, 31, 705-712. [CrossRef]

Raphael, M.E,; den Boer, A.M.; Kollen, W.J.; Mekelenkamp, H.; Abbink, F.C.; Kaspers, G.J.; Zomer-Kooijker, K.;
Molmans, B.H.; Tissing, W.]. Caphosol, a therapeutic option in case of cancer therapy-induced oral mucositis
in children? Results from a prospective multicenter double blind randomized controlled trial. Support. Care
Cancer 2014, 22, 3-6. [CrossRef]

Rao, N.G.; Trotti, A.; Kim, J.; Schell, M.].; Zhao, X.; Amdur, R.].; Rosenthal, D.I. Phase II multicenter trial of
Caphosol for the reduction of mucositis in patients receiving radiation therapy for head and neck cancer.
Oral Oncol. 2014, 50, 765-769. [CrossRef]


http://dx.doi.org/10.1002/lsm.22349
http://www.ncbi.nlm.nih.gov/pubmed/25824475
http://dx.doi.org/10.1016/j.radonc.2013.08.010
http://dx.doi.org/10.15171/jlms.2019.20
http://www.ncbi.nlm.nih.gov/pubmed/31360381
http://dx.doi.org/10.1007/s00520-019-04890-2
http://www.ncbi.nlm.nih.gov/pubmed/31286228
http://dx.doi.org/10.1155/2018/4579279
http://www.ncbi.nlm.nih.gov/pubmed/29681940
http://dx.doi.org/10.1056/NEJMoa040125
http://dx.doi.org/10.7326/0003-4819-153-6-201009210-00003
http://dx.doi.org/10.1200/JCO.2010.32.4103
http://dx.doi.org/10.1200/JCO.2010.32.4095
http://www.ncbi.nlm.nih.gov/pubmed/21670453
http://dx.doi.org/10.1016/j.bbmt.2015.08.018
http://www.ncbi.nlm.nih.gov/pubmed/26303102
http://dx.doi.org/10.1111/ecc.12073
http://www.ncbi.nlm.nih.gov/pubmed/23731197
http://dx.doi.org/10.1038/sj.bmt.1703870
http://dx.doi.org/10.1007/s00520-013-2015-0
http://dx.doi.org/10.1016/j.oraloncology.2014.06.001

Int. |. Environ. Res. Public Health 2020, 17, 2464 12 of 12

68.

69.

70.

Treister, N.; Nieder, M.; Baggott, C.; Olson, E.; Chen, L.; Dang, H.; Krailo, M.; August, A.; Sung, L. Caphosol
for prevention of oral mucositis in pediatric myeloablativehaematopoieticcell transplantation. Br. J. Cancer
2017, 116, 21-27. [CrossRef]

Svanberg, A.; Ohrn, K; Birgegard, G. Caphosol® mouthwash gives no additional protection against oral
mucositis compared to cryotherapy alone in stem cell transplantation. A pilot study. Eur. J. Oncol. Nurs.
2015, 19, 50-53. [CrossRef]

Alterio, D.; Marvaso, G.; Ferrari, A.; Volpe, S.; Orecchia, R.; Jereczek-Fossa, B. Modern radiotherapy for head
and neck cancer. Semin. Oncol. 2019, 46, 233-245. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1038/bjc.2016.380
http://dx.doi.org/10.1016/j.ejon.2014.07.011
http://dx.doi.org/10.1053/j.seminoncol.2019.07.002
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Pathogenesis and Risk Factors of Oral Mucositis 
	Clinical Features of Oral Mucositis 
	Material end Methods 
	Management of Oral Mucositis 
	Conclusions 
	References

