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a B S t r a c t
iNtrODUctiON: Oral mucositis is one of the most common complications following chemotherapy and/or head and 
neck radiotherapy. Various treatments for oral mucositis have been proposed. However, there has still been no review of 
the most frequent and most effective type of therapy to treat oral mucositis. this systematic review aims to determine the 
most frequent and effective types of therapy to treat and reduce the severity of oral mucositis.
eViDeNce acQUiSitiON: the literature search was carried out using PriSMa guidelines. Publications included 
from 2010 to June 2021 with a clinical trial, prospective, and retrospective observational research design. the following 
databases were used: PubMed, cochrane library, and Wiley Online library. the search was for limited articles published 
in english, which were screened and analyzed by three authors. the risk of bias of each study was also assessed by three 
authors simultaneously, using different types of instruments depending on its study design.
eViDeNce SYNtHeSiS: Forty-seven of 1274 journals were included. From 3577 subjects, oral mucositis was more 
common in males than females (2.12: 1), with a mean age of 56.39 (18-90 years). the most commonly used types of 
therapy are low-level laser therapy (396 subjects) and lysozyme-based compounds (314 subjects). Meanwhile, the most 
effective type of therapy is low-level laser therapy.
cONclUSiONS: low-level laser therapy is the most commonly used oral mucositis therapy and is also the most effec-
tive in reducing the degree of oral mucositis and associated pain.
(Cite this article as: Danwiek J, amtha r, Gunardi i. Management of oral mucositis: a systematic review. Minerva Dent Oral 
Sc 2023;72:255-70. DOi: 10.23736/S2724-6329.23.04695-8)
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Introduction

cancer is a disease caused by abnormal and 
malignant cell growth.1 the cancer cells 

are easily detached from the primary site; thus, 
spreading neoplastic cells to other organs known 
as metastasis may occur. Metastasis was often 
being the leading cause of death.2 in 2020, 19.3 
million new cases have been detected, and ap-
proximately 10 million deaths resulted from 
cancer worldwide.3 Globally, about 1 in 6 deaths 
were caused by cancer.2 the Global Burden of 
Disease (GBD) study revealed that head and 
neck cancers represent 5.3% of all cancer types 
(excluding non-melanoma skin cancers) and esti-

mated that there were 890,000 new cases of head 
and neck cancer in 2017.4

cancer can be fatal; thus, cancer patients usu-
ally receive special treatment. Generally, cancer 
treatment could be categorized into three major 
types, namely surgery, chemotherapy, radiother-
apy, or a combination of those therapies.5 the 
mechanism of chemotherapy and radiotherapy 
were different from surgery. apart from acting 
specifically on cancer tissues, chemotherapy and 
radiotherapy acted by inhibiting the growth of 
rapidly dividing cells, thereby interfering with 
the mechanism of cell division. aside from in-
hibiting the cancer cell growth, chemotherapy 
and radiotherapy may cause various side effects 
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porting items for systematic reviews and meta-
analysis) guidelines on three databases, namely 
PubMed, Wiley and cochrane library. Search-
ing the sources was done systematically by de-
termining the Population, intervention, compar-
ison, Outcome, and time (PicO(t)); continued 
by stating the inclusion and exclusion criteria(s), 
then composing the phrase of the Boolean search 
for each database. Studies that met the inclusion 
criteria and fitted the research question and out-
come of this review were included and analyzed. 
the process of collecting data was also done by 
three investigators independently (JD, iG, and 
ra). two investigators (JD and iG) sought and 
extracted data that matched the outcomes stated 
in PicO(t).

the data synthesis according to PriSMa are 
follow: 1) data for the most commonly used and 
most effective types of therapy were reported 
in charts and tables; 2) this systematic review 
was carried out by preparing data tabulations 
and graphs for each therapy from the collected 
studies. No data conversion or statistical calcu-
lation was needed for this study; 3) the meth-
od to tabulate the results of individual studies 
was done by grouping the same therapy from 
each study; 4) there was no measurement of the 
therapy’s size effect as it was impossible due to 
incomparable data; 5) the meta-analysis could 
not be analyzed as the data were not compa-
rable; 6) this study was limited to a systematic 
review; therefore, no sensitivity analysis was 
conducted.

this systematic review has been registered in 
Open Science Framework (OSF), OSF registra-
tion number: 10.17605/OSF.iO/PV5aN (2021) 
with https://osf.io/cf3zk/.

Determining PICO-T

Population

cancer patients (at least 18 years of age) under-
went head and neck radiotherapy or chemother-
apy or chemoradiotherapy and were diagnosed 
with oral mucositis.

Intervention

any therapy was given to treat oral mucositis. 
according to the Multinational association of 

because normal cells are also affected by ioniz-
ing or chemotherapeutic agents released by these 
therapies.6 Oral mucositis (OM) was one of the 
most common chemotherapy and/ or radiothera-
py complications for head and neck cancer.5, 7, 8

according to most studies, this complication 
occurred in up to 80% of patients receiving high-
dose chemotherapy, 20-40% of patients receiving 
conventional chemotherapy, and up to 100% of 
patients receiving head and neck cancer radiother-
apy.9, 10 according to MaScc/iSOO, it presented 
as an ulcerative lesion surrounded by erythema-
tous areas on various parts of oral mucosa and 
usually associated with significant pain.10 Severe 
oral mucositis may affect the oral functional sta-
tus, including impaired food and drugs intake and 
speech function. in advanced stages, oral muco-
sitis may lead to malnutrition, an increase in the 
duration of hospitalization and the risk of infec-
tions prior to ulceration in the oral cavity, and ulti-
mately reducing the patient’s quality of life. these 
symptoms may cause delays in cancer treatment 
and have a potential impact on cancer treatment it-
self to affect the possibility of optimal healing.10, 11

Various methods of prevention and treatment 
of oral mucositis have been proposed. in 2020, 
the Multinational association of Supportive 
care in cancer and international Society of Oral 
Oncology (MaScc/ iSOO) published a revision 
of evidence-based clinical practice guidelines for 
mucositis. treatment methods were categorized 
into eight groups: 1) basic oral care; 2) anti-in-
flammatory agents; 3) photobiomodulation (la-
ser and other light therapy); 4) cryotherapy; 5) 
antimicrobials, coating agents, anesthetics, and 
analgesics; 6) growth factors and cytokines; 7) 
natural and miscellaneous agents; 8) all interven-
tions for gastrointestinal mucositis.12

the rationale of this study was that there were 
limited systematic review of the most frequent 
and most effective type of therapy to treat oral 
mucositis. therefore, it is necessary to do further 
research to be a source of information to deter-
mine the effectiveness of different types of ther-
apy against oral mucositis.

Evidence acquisition
the literature searching and the selection process 
was carried out using the PriSMa (preferred re-
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Risk of bias assessment

the risk of bias assessment was carried out by 
three investigators independently (JD, iG, and 
ra). a different type of study quality assessment 
tool was used, depending on the study’s design 
as follow:

• randomized controlled trial (rct): co-
chrane Collaboration Modified Tool for Assess-
ing risk of Bias for rct’s, Part i&2;

• randomized uncontrolled clinical trial: the 
cochrane roB 2.0 tool;

• non-randomized experimental studies: the 
Joanna Briggs institute (JBi) critical appraisal 
checklist for Quasi-experimental Studies (non-
randomized experimental studies);

• prospective observational studies (cohort): 
Joanna Briggs institute (JBi) critical appraisal 
checklist for cohort Studies;

• prospective observational studies (case-con-
trol): Joanna Briggs institute (JBi) critical ap-
praisal checklist for case-control Studies;

• prospective observational studies (cross-
sectional): Joanna Briggs institute (JBi) critical 
appraisal checklist for cross-sectional Studies;

• retrospective observational studies (case re-
ports): Joanna Briggs institute (JBi critical ap-
praisal checklist for case reports.

Evidence synthesis

Results

the search strings that were used for the litera-
ture search can be seen in Supplementary Digital 
Material 1 (Supplementary table i). the number 
of records obtained from 3 databases using Bool-
ean sentences was 460 PubMed journals, 809 co-
chrane journals, and 5 Wiley journals. From a to-
tal of 1274 journals obtained, 197 similar articles 
were found, so these articles were not included. 
then, 1077 journals underwent the screening 
process. 948 out of 1077 journals had to be ex-
cluded because 668 journals had irrelevant titles, 
202 journals had inappropriate abstract, and 78 
journals did not have a full-text version or a full-
text other than english language. Furthermore, 
from 129 full-text journals, 82 were excluded 
because they did not fit the research problem, 
such as prophylaxis and preventive therapy for 

Supportive care in cancer and international So-
ciety of Oral Oncology (MaScc / iSOO), types 
of oral mucositis therapy may include basic oral 
care; anti-inflammatory; photobiomodulation 
(laser and other light therapy); cryotherapy; anti-
microbials, coating agents, anesthetics, and anal-
gesics; growth factors and cytokines; natural and 
miscellaneous agents.

Comparison

a non-exposed controlled group or placebo.

Outcome
• epidemiological data:

• Patient data: age and gender.
• The severity of oral mucositis at the first 

and last observation.
• the most common types of therapy that was 

used to treat oral mucositis.
• the most effective therapy in reducing the 

severity of oral mucositis.
• additional outcome: the most frequently 

used chemotherapy/chemoradiotherapy regi-
mens that induced oral mucositis.

Time

included studies were all of those published be-
fore June 2021.

Inclusion and exclusion criteria(s)

the inclusion criteria(s) for this systematic re-
view are english based journals with random-
ized controlled trial (rct), clinical trial, ret-
rospective observational (case report or case 
series), prospective observational (cohort, case-
control, cross-sectional) study design. Mean-
while, the exclusion criteria(s) for this review 
are other systematic reviews, in vivo studies in 
animals, studies focusing on preventive therapy 
of oral mucositis, studies on other primary oral 
lesions with a specific background that coinci-
dence with oral mucositis, and studies that in-
clude patients with no previous history of radio/
chemo/chemoradiotherapy.

Boolean search

Boolean words for database searching was tabu-
lated in Supplementary Digital Materials.
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Subject characteristics

Of the total 3577 subjects included in this sys-
tematic review, oral mucositis was more com-
mon in males than females (2.12 vs. 1), with 
a mean age of 56.39 (range 18-90 years). the 
most common tumor site was the pharynx-lar-
ynx (15%), followed by the oral cavity (12%) 
and other sites (1%), respectively (Figure 2). 
Moreover, radiochemotherapy (41%) was the 
most reported treatment for cancer, followed by 
radiotherapy (29%) and chemotherapy (27%) 
(Figure 3).

The most frequent oral mucositis therapy

Data related to the types of oral mucositis thera-
py received by the research subjects can be seen 

oral mucositis, subjects reported under 18 years 
old, there was no data on age or a specific popu-
lation, and the intervention agents were proved 
to be no more beneficial than the control. In the 
end, 47 full-text journals were included and ana-
lyzed. the selection process can be seen in the 
PriSMa diagram (Figure 1).

Risk of bias assessment

thirty-one studies with rct study design were 
assessed using the cochrane collaboration modi-
fied tool for Assessing Risk of Bias for Rct’s, 
Part i&2. all rct studies mainly were low and 
moderate; only two studies presented a high risk 
of bias (Oton-leite et al.13 and leppla et al.14). 
One study with a randomized uncontrolled clini-
cal trial design was assessed using the cochrane 
roB 2.0 tool and resulted in a high risk of bias 
which favours the experimental group. in addi-
tion, nine quasi-experimental studies, two cohort 
studies, one case-control study, one cross-sec-
tional study, and two case reports were assessed 
using the Joanna Briggs institute (JBi) instru-
ment. Only one study with quasi-experimental 
showed a high risk of bias (Guo et al.).15 the de-
tailed results can be seen in Supplementary Digi-
tal Material 2 (Supplementary table ii, Supple-
mentary iii, Supplementary iV).13-34, 36, 39-57

Figure 1.—PriSMa diagram.

Figure 2.—Distribution of subjects according to the location 
of tumor.

Figure 3.—Distribution of subjects according to types of 
cancer treatment.
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The most frequently used chemotherapy/ 
chemoradiotherapy regimens that induced oral 
mucositis
as shown in Figure 7, the most commonly used 
cancer treatment regimen for chemotherapy and 
radiochemotherapy that induced oral mucositis 
is cisplatin, followed by melphalan. However, 
several publications did not report the chemo-
therapy regimen used. therefore, this distribu-
tion may change based on the completeness of 
the data obtained.

Discussion

Subject characteristics

Oral mucositis was more common in males than 
females, with a ratio of 2.12:1, and a mean age 

in Figure 4. the further distribution of the types 
of medication and light therapy received by the 
research subjects can be seen in Figure 5, 6, re-
spectively.

The most effective oral mucositis therapy
the data collected were types of therapy that 
can significantly reduce the severity of oral mu-
cositis at the beginning and end of therapy, and 
those compared with the control group. the se-
verity of oral mucositis was determined by the 
degree of oral mucositis and its associated pain. 
Types of therapy that significantly reduce the se-
verity of oral mucositis can be seen in table i, 
ii.13, 15-20, 22-26, 28, 30, 35, 36, 39, 40, 42, 44-50, 52, 54-58

Figure 4.—Distribution of subjects according to types of 
therapy received.

Figure 5.—Distribution of subjects according to types of 
medication received.

Figure 6.—Distribution of subjects according to types of la-
ser therapy received.

Figure 7.—Distribution of subjects according to types of 
chemotherapy/chemoradiotherapy regimens received.
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Palifermin (92)
Rebamipide (63)
Dusquetide (58)
CAM2028-benzydamine (38)
Combination mouthwash (29)
rhEGF (28)
Honey (25)
Plantago major L. (22)
Nigella Sativa oil (20)
Active ectoine (20)
Melatonin (19)
Aloe vera (13)

281

218

127124
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Chemotherapy/chemoradiotherapy regimens

Cisplatin (995)
PF (Cisplatin+5-FU) (89)
R-Chop (48)
Taxol+cisplatin (40)
Adriamycin+cyclophosphamide (19)
Cetuximab (18)
Ac-T (15)
mFOLFOX6 (13)
FOLFIRI (7)
Cisplatin+etoposide (1)
Unknown (754)

Melphalan (140)
Carboplatin (50)
Sunitinib (45)
TPF (Docetaxel+Cisplatin+5-FU) (37)
Bu/Cy (Busulfane+Cyclophosamide) (18)
5-FU (18)
FBM (Fludarabine+Carmustine+Melphalan) (14)
Ec-T (8)
FLUTT (Fludarabine+Thiotepa) (4)
Cisplatin+gemzar (1)
Unspecified (56)

995

140 89 50 48 45 40 37 19 18 18 18 15 14 13 8 7 4 1 1 56

754
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Table I.—� Oral mucositis therapy that significantly decrease the severity of OM degree.

Studies Study 
design

types of oral 
mucositis therapy

Oral 
mucositis 

assessment 
tools

Significant reduction in OM degree (WHO)

intervention group control group

Satheeshkumar et al.16 rct triclosan Mouthwash WHO 1 patient (8%) developed grade 
4 OM**

10 patients (83%) developed 
grade 4 OM

carvalho et al.17 rct low-level laser therapy
(inGaalP diode laser)

WHO Week 2: 0.78±0.93*
Week 3: 1.59±0.97**
Week 4: 1.52±0.85**

Week 2: 1.41±0.93
Week 3: 2.30±0.47
Week 4: 2.30±0.87

Henke et al.18 rct Palifermin WHO Severe OM (grade 3/4) was 
found in 47 patients (51%)*

Severe OM (grade 3/4) was 
found in 63 patients (67%)

Oton-leite et al.13 rct low-level laser therapy
(inGaalP diode laser)

WHO Follow-up: 2.12 (2.00)** Follow-up: 2.95 (3.00)

Ghalayani et al.22 rct TA mucoadhesive film
licorice mucoadhesive 

film

WHO initial: 2.40±0.49
Week 4: 0.96±0.81**

initial: 2.36±0.49
Week 4: 0.93±0.78

Miranzadeh et al.24 rct achillea millefolium WHO initial: 2.39±0.875
Day 7: 1.07±0.85**
Day 14: 0.32±0.54**

initial: 2.39±0.875
Day 7: 2.75±0.87
Day 14: 2.89±0.956

akhavan-Karbassi et 
al.30

rct Propolis Mouthwash WHO initial: 1.85±0.813
Day 3: 1.60±1.05**
Day 7: 0.550±0.945**

initial: 2.50±1.54
Day 3: 2.00±0.725
Day 7: 1.75±0.851

Soares et al.36 rct red + infrared low-
level laser therapy

WHO after treatment: 1.70±1.08* after treatment: 1.77±0.752

Martins et al.40 rct Photobiomodulation 
therapy (PBMt)

WHO initial: 0
14th rt: 1.88±0.83
30th rt: 1.68±0.85**

initial: 0
30th rt: 2.65±0.93

Soltani et al.58 rct Plantago major L. WHO initial: 0.00±0.00
Week 5: 1.36±0.10**
Week 7: 0.14±0.07**

initial: 0.68±0.10
Week 5: 2.23±0.09
Week 7: 0.95±0.08

agha-Hosseini et al.42 rct Mouthwash containing 
vitamin e, 
triamcinolone, and 
hyaluronic acid

WHO initial: 4.00±0.00
Week 4: 2.03±0.186**

initial: 4.00±0.00
Week 4: 2.97±0.183

Bonfili et al.46 Quasi Platelet gel supernatant 
(PGS)

WHO after treatment: 1.69±0.946* after treatment: 2.52±0.704

Pinheiro et al.49 Quasi Photobiomodulation 
therapy (PBMt),

photodynamic therapy 
(PDt)

WHO PBMt (intervention)
initial: 2.00(2.00)
after 4 weeks: 0.00(0.00)**

PBMt + PDt (intervention)
initial: 2.00(2.00)
after 4 weeks: 0.00(0.00)

rezk-allah et al.48 Quasi low level laser therapy WHO initial: 2.35±0.695
end of chemotherapy: 1.13±0.333**

Dao et al.52 cohort active ectoine WHO initial: 1.75±0.716
Day 21: 0.962±1.34*

initial: 1.93±0.703
Day 21: 0.643±0.633

chen et al.54 case 
control

cryotherapy WHO after cryotherapy (median): 2* Without cryotherapy: 2.5

lino et al.56 case 
report

laser phototherapy 
(lPt or lllt)

WHO Initial: grade 3 OM (difficulty in eating solid foods)
after 1 lPt session: reduction in pain
after 4 lPt sessions: more symptom improvement
after 10 lPt sessions: OM lesions healed

Mobadder et al.57 case 
report

Photobiomodulation 
therapy (PBMt)

WHO initial: 2
after 5 PBMt sessions: 0

carvalho et al.17 rct low-level laser therapy
(inGaalP diode laser)

Nci Week 2: 0.78±0.93**
Week 4: 1.56±1.09*

Week 2: 1.56±1.09
Week 4: 2.33±0.88

Oton-leite et al.13 rct low-level laser therapy
(inGaalP diode laser)

Nci Follow-up: 1.50(1.00)** Follow-up: 2.95 (3.00)

Gautam et al.19 rct low-level helium neon 
laser therapy

rtOG last week of 
chemoradiotherapy: 
incidence of grade >2 OM 
is 29%**

last week of 
chemoradiotherapy: 
incidence of grade >2 OM 
is 89%

Gautam et al.20 rct low-level laser therapy rtOG end of rt: the number of 
patients that developed 
severe OM is 18.2%*

end of rt: the number of 
patients that developed 
severe OM is 58.3%

Oton-leite et al.28 rct low-level laser therapy
(inGaalP diode laser)

Nci 7th rt: incidence of grade 
2 OM is 25% (3 of 12 
patients)*

21th rt: 6 patients (50%) with 
grade 3 OM*

35th rt: 25% patients 
developed grade 3 OM (3 
of 12) *

7th rt: incidence of grade 
2 OM is 76.9% (10 of 13 
patients)

21th rt: 12 patients (92.3%) 
with grade 3 OM

35th rt: 53.8% patients 
developed grade 3 OM (7 
of 13)

 (To be continued) 
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tematic review showed similar results to another 
study by trotti et al.59 this study assessed the 
incidence of oral mucositis in 6181 subjects and 

of 56.39 (18-90 years). epidemiological data re-
garding the mean age and prevalence of oral mu-
cositis in men and women obtained in this sys-

Table I.—� Oral mucositis therapy that significantly decrease the severity of OM degree.

Studies Study 
design

types of oral 
mucositis therapy

Oral 
mucositis 

assessment 
tools

Significant reduction in OM degree (WHO)

intervention group control group

Jiang et al.35 rct Probiotics Nci after treatment: 1.42±0.887** after treatment: 2.46±0.505
Martins et al.40 rct Photobiomodulation 

therapy (PBMt)
Nci initial: 0

30th rt: 1.80±0.96**
initial: 0
30th rt: 2.61±0.94

tanaka et al.47 Quasi elemental diet (eD) Nci incidence of grade >2 OM in eD completion group:15.4% (2 
of 13 patients)*

incidence of grade >2 OM in eD non-completion group: 66.7% 
(4 of 6 patients)

cunha et al.44 Quasi red laser and red + 
infrared laser

Monopoli 
index

red+infrared laser
after treatment: 0.667±0.516*

after treatment: 1.33±1.86

lin et al.26 rct DSiG cream OaG Day 2: 12.1±1.1*
Day 3: 12.0±1.2*
Day 4: 11.3±1.3*
Day 5: 10.4±1.3*

Day 2: 10.2±1.0
Day 3: 9.3±0.9
Day 4: 8.5±0.6
Day 5: 8.0±0.2

*P<0.05; **P<0.01.
WHO: World Health Organization; Nci: National cancer institute; rtOG: radiation therapy Oncology Group; OaG: Oral assessment 
Guide.

Table I.—� Oral mucositis therapy that significantly decrease the severity of OM degree (continues).

Table II.—� Oral mucositis therapy that significantly decrease OM associated pain.

Studies Design types of oral 
mucositis therapy

Pain 
assessment 

tools

Significant reduction in pain (VAS)

intervention group control group

Gautam et al.19 rct low-level helium 
neon laser therapy

VaS initial: 0.11
Week 6: 4.36**
incidence of pain in the end 

of chemoradiotherapy is 
18%**

initial: 0.65
Week 6: 6.76
incidence of pain in the end of 

chemoradiotherapy is 71%

Oton-leite et al.13 rct low-level laser 
therapy (inGaalP 
diode laser)

VaS Follow-up: 2.88(3.00)** Follow-up: 7.64(8.00)

Gautam et al.20 rct low-level laser 
therapy

VaS end of rt: the number 
of patients with severe 
mouth pain (VaS>7) is 
8,3%*

end of rt: the number of 
patients with severe mouth 
pain (VaS>7) is 50%

Hasheminasab et al.39 rct Plantago ovata husk VaS Day 7: 2 (1-3)** Day 7: 3 (2-4)
Soltani et al.58 rct Plantago major L. VaS initial: 0.14±0.07

Week 5: 2.18±0.14*
Week 7: 0.50±0.10*

initial: 2.14±0.22
Week 5: 5.41±0.17
Week 7: 2.95±0.18

ioroi et al.50 Quasi ibuprofen mouthwash VaS Day 3
initial: 4.11
15 minutes after gargle: 

2,83 (95% ci: -1,62, 
-4,04)

Hadjieva et al.25 rct Bioadhesive 
barrier-forming 
lipid solution 
(caM2028)

NrS initial: 6.5
5 minutes after treatment: 

4.6*

initial: 6.4
5 minutes after treatment: 4.6

leenstra et al.23 rct Doxepin mouthwash NrS after treatment: area under 
curve (aUc) for mouth 
and throat pain reduction 
-9.1**

after treatment: area under 
curve (aUc) for mouth and 
throat pain reduction -4.7

Guo et al.15 Quasi Fentanyl transdermal 
(patch)

NrS initial: 5.54±0.86
Day 10: 2.82±0.68**

Xing et al.45 Quasi Fentanyl transdermal 
(patch)

NrS initial: 6 (range 3-9)
Day 15: 0 (0–4)**

roldan et al.55 cross-
sectional

Methylene blue (MB) NrS initial: 7.7±1.83
after treatment: 2.51±2.76**

*P<0.05; **P<0.01.
VaS: Visual analog Scale; NrS: Numerical rating Scale.
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Most of the publications regarding oral mucositis 
in patients receiving head and neck radiotherapy 
would usually describe the type and location of 
the tumor. in contrast to publications on oral mu-
cositis induced by chemotherapy or chemoradio-
therapy, the tumor site was seldom described.

in addition, from this review, it was found that 
most oral mucositis subjects underwent cancer 
therapy in the form of chemoradiotherapy, fol-
lowed by radiotherapy and chemotherapy. con-
comitant use of chemotherapy and radiation was 
also suggested as a risk factor that promotes the 
incidence and severity of oral mucositis.62 One 
study suggested that patients receiving chemo-
radiotherapy (coef. 0.145; P<0.05) were at high 
risk for developing severe oral mucositis.66

The most frequent oral mucositis therapy

Out of 47 studies, 28 studies reported oral muco-
sitis therapy in the form of medications. Fourteen 
studies reported the use of laser, and one study 
each reported thermal, microorganism, diet, au-
tologous, and protocol as oral mucositis therapy. 
the most commonly used type of therapy was 
determined by the number of respondents who 
received the therapy.

Figure 4-6 represents the number of subjects 
receiving oral mucositis therapy. Based on the 
number of subjects, medication (1866 subjects) 
consisted of lysozyme-based compounds (314 
subjects), methylene blue (281 subjects), doxe-
pin (218 subjects), bicarbonate-based local com-
pounds (127 subjects), transdermal fentanyl (124 
subjects), palifermin (92 subjects), diphenhydr-
amine-lidocaine-antacid (76 subjects), rebamip-
ide (63 subjects), DSiG cream (63 subjects), 
dusquetide (58 subjects), Plantago ovata husk 
(herbs) (40 subjects), caM2028- benzydamine 
(38 subjects), triamcinolone acetonide mucoad-
hesive film (30 subjects), combination mouth-
wash of vitamin e, triamcinolone, and hyaluronic 
acid (29 subjects), Achillea millefolium (28 sub-
jects), rheGF (28 subjects), episil (25 subjects), 
honey (25 subjects), glutamine (25 subjects), 
Plantago major L. (22 subjects), phenytoin: 11 
(gargle) + 10 (tablets) (21 subjects), Nigella sati-
va oil (20 subjects), propolis (20 subjects), active 
ectoine (20 subjects), ibuprofen mouthwash (19 
subjects), melatonin (19 subjects), hangeshash-

found that the mean age of the 4217 subjects was 
56 (range 14-87 years).59 this indicates that oral 
mucositis was commonly found in the elderly 
population. regression analysis by Çakmak et al. 
showed that older adults may have increased the 
risk of oral mucositis by 1.03 times (P<0.05).60 
it was suggested that older adults tend to experi-
ence oral mucositis more often due to less effec-
tive DNa repair, and it would take a prolonged 
period of healing time.14

the study conducted by trotti et al.59 also 
showed that the prevalence of oral mucositis in 
men was higher than that in women, 81% vs. 
29% in 5421 subjects. although the percentage 
is quite far from this review, the results showed 
that men are more dominant in experiencing oral 
mucositis.59 However, there has been no scien-
tific explanation regarding the difference in the 
prevalence of oral mucositis by sex until now. 
the higher prevalence of oral mucositis in men 
was related to other risk factors that contribute 
to the emergence of oral mucositis, such as ge-
netics, nutritional status, comorbidities, poor oral 
health, type and dose of cancer therapy, and oth-
ers.61, 62 according to the researcher’s analysis, 
the higher prevalence of oral mucositis in males 
may also be due to the higher prevalence of 
smoking and alcohol consumption in males than 
females. WHO showed that the prevalence of 
smoking in men compared to women was 36.7% 
vs. 7.8%.63 in addition, the centers for Disease 
Prevention and control also reported that the 
prevalence of alcohol consumption was higher in 
men (58%) compared to women (47%).64

this study found that the tumor predilection 
in the pharynx-larynx (54.5%) was higher than 
in the oral cavity (44.3%). according to Global 
cancer Observatory (GlOBOcaN), indonesia’s 
percentage of cancers in the pharynx-larynx and 
oral cavity was 75% vs. 17.1% in 2020.65 Both of 
these results showed that head and neck cancers 
are more commonly occur in the pharynx-larynx 
rather than the oral cavity.

this systematic review also assessed the pre-
dilection of a tumor. almost 72% of subjects 
were presented with no data about the primary 
tumor location. Moreover, the tumor’s location 
may not be from the head and neck in patients 
receiving chemotherapy or chemoradiotherapy. 
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baseline and after therapy, while several publica-
tions only described data at the end of therapy 
(Hasheminasab et al.,39 chen et al.,54 Bonfili et 
al.,46 Soares et al.,36 Jiang et al.,35 and cunha 
et al.44). in addition, some publications only re-
ported the incidence of a certain degree of oral 
mucositis at a specific time during the study 
(Satheeshkumar et al.,16 Henke et al.,18 Oton-
leite et al.,13 and tanaka et al.47). Moreover, one 
publication only focused on comparing with the 
control group, and no analysis showed between 
before and after intervention therapy (carvalho 
et al.17). two publications stated the results were 
significant but did not provide information about 
the value of reduction of oral mucositis severity 
(Wei et al.51 and ameen et al.37), thus excluded 
from the table. there were three publications 
(carvalho et al.,17 Martins et al.,40 and Oton-
leite et al.13) that reviewed the reduction in the 
degree of oral mucositis using two types of in-
struments simultaneously (WHO and National 
cancer institute [Nci] Scale).

there was a publication that showed the most 
considerable decrease in the degree of oral mu-
cositis from the beginning to the end of the study, 
as well as from the comparison with the control 
group using Achillea millefolium.67 Achillea 
millefolium reduced the degree of oral mucosi-
tis (using WHO instrument) from 2.39±0.875 
to 0.32±0.54 within 14 days compared from 
2.39±0.875 to 2.89±0.956 in the control group.24 
this agent was given as an antibacterial herbal 
mouthwash that affects various pathogens and 
has excellent anti-inflammatory properties.68, 69 
Although the results showed the most significant 
reduction in oral mucositis; this publication has 
several drawbacks. this study did not mention 
the specific chemotherapy regimens and doses 
received by study participants. then, it was only 
focused on chemotherapy-induced oral muco-
sitis, so its effect on radiotherapy-induced or 
chemoradiotherapy-induced oral mucositis was 
unknown.

in addition, the types of therapy in the form 
of medication that can also drastically reduce the 
degree of oral mucositis from the beginning to the 
end as well as from the comparison with the con-
trol group with a shorter duration were Dioctahe-
dral Smectite Iodine Glycerin (DSIG) cream (five 

into (tj-14) (16 subjects), Aloe vera (13 subjects), 
and triclosan gargle (12 subjects).

in addition, photobiomodulation therapy (491 
subjects) consisted of low-level laser therapy 
(396 subjects), low-level helium laser therapy (55 
subjects), red + infrared laser (26 subjects), and 
photobiomodulation therapy + photodynamic 
therapy (PBMt + PDt) (14 subjects). Moreover, 
oral mucositis therapies in the form of thermal 
(cryotherapy) consisted of 70 subjects, probiot-
ics (Bifidobacterium longum, Lactobacillus lac-
tis, and Enterococcus faecium) 58 subjects, diet 
(elemental diet) 20 subjects, autologous (platelet 
gel supernatant) 16 subjects, and protocol using 
Oral care Self-management Support protocol 
(OrcaSS) 8 subjects.

it can be denoted that the most frequent type 
of oral mucositis therapy in the form of medica-
tion was lysozyme-based compound (314 sub-
jects). However, the lysozyme-based compound 
was not necessarily the most effective therapy 
because this study had only been reported by one 
publication, and there was no in-depth research 
on its effectiveness.

Meanwhile, the low-level laser therapy 
(lllt) (396 subjects) was the most often used 
type of photobiomodulation therapy for oral mu-
cositis. it was suggested that lllt might be a 
promising treatment for oral mucositis with low 
side effects and a shorter duration of ulceration.

The most effective oral mucositis therapy

in the data extraction process, various oral mu-
cositis therapy has been reported. Moreover, the 
data collection on the subject was also diverse 
between each publication. thus, the effect size 
of each therapy was not possible to be calculated 
to determine the most effective type of therapy. 
therefore, the most effective therapy was deter-
mined by reducing in the degree of oral mucosi-
tis, both objective and subjectively. the reduction 
in oral mucositis by the quality of life assessment 
was not reported. the publications on the quality 
of life in oral mucositis were very limited. also, 
the domains of each quality of life assessment in-
strument were varied between studies, making it 
difficult to compare one instrument with another.

as in table ii, some publications reported 
limited data about the degree of oral mucositis at 
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when compared from the beginning of the study 
and the control group. Publication by Pinheiro et 
al. showed that PBMt and PBMt+PDt reduced 
the degree of oral mucositis (using WHO instru-
ment) from 2.00(2.00) to 0.00(0.00) in 4 weeks.49 
this was also supported by the case report by 
Mobadder et al.,57 which stated that the degree 
of oral mucositis (using WHO instrument) de-
creased from 2 to 0 after five sessions of PBMT 
therapy and lino et al.,56 which stated that the de-
gree of oral mucositis (using WHO instrument) 
decreased from 3 to 0 after ten sessions. in ad-
dition, publications by carvalho et al.,17 Martins 
et al.,40 Oton-leite et al.13 suggested that PBMt 
reduced the degree of oral mucositis (using WHO 
and NCI instruments) significantly compared to 
the control group. a decrease in the degree of oral 
mucositis (radiation therapy Oncology Group 
[rtOG] Scale) was also found in the publication 
by Gautam et al.20 the writer revealed that at the 
end of radiotherapy, the incidence of severe oral 
mucositis (3 and 4) was only 18.2%, compared to 
58.3% in the control group.20

PBMt was effectively reduced the severity of 
oral mucositis induced by radiotherapy, chemo-
therapy, and chemoradiotherapy. PBMt (lllt) 
itself could be a red laser or infrared laser with 
varying energy density and irradiation time. the 
laser may penetrate tissues, help in repair oral 
mucosal tissue, and provide an analgesic effect 
when pain occurs.71 Meanwhile, PDt was a ther-
apy that uses photosensitizing agents that could 
be used as cancer therapy. the agents had a high 
degree of selectivity in killing microorganisms 
and showed minimal toxicity to host cells.72 the 
combination of PBMt+PDt had shown to re-
quire a shorter time to heal oral mucositis, which 
was only 12 days (17 days in the PBMt group).49

research by Gautam et al.19 suggested a differ-
ent type of laser for lllt namely, the helium-ne-
on laser. the study also showed promising results, 
namely a lower incidence of grade >2 oral muco-
sitis (rtOG) (29% vs. 89% in the control group). 
another study by Soares et al.36 proposed a new 
combination of red + infrared lllt. the study 
showed that the severity of oral mucositis (WHO) 
decreased significantly compared to the red laser 
group alone (1.70±1.08 vs. 1.77±0.752).40 this 
study was in line with cunha et al.44 that stated 

days) and propolis mouthwash (7 days). DSiG 
cream reduced the degree of oral mucositis (using 
Oral assessment Guide (OaG) instrument) from 
12.1±1.1 to 10.4±1.3 within 5 days compared 
from 10.2±1.0 to 8.0±0.2 in the control group.26 
However, DSiG cream was shown to be effec-
tive only for chemotherapy-induced oral mucosi-
tis. its long-term use also has not been proved to 
be effective. in addition, publications regarding 
propolis mouthwash did not mention the demo-
graphic characteristics of the subjects and che-
motherapy regimens used. therefore, propolis 
mouthwash was not highly recommended consid-
ering these limitations, compared to commercial 
mouthwash.70

the medication therapy has been shown to 
significantly reduce the severity of oral muco-
sitis in the intervention group; and compared to 
the control. However, these medication required 
a longer time to heal epithelial breakdown. Sev-
eral publications have reported four type regimes, 
such as active ectoine (3 weeks), a combination 
mouthwash containing vitamin e, triamcinolone, 
and hyaluronic acid (4 weeks), Plantago major 
L. (4 weeks), and triamcinolone acetonide muco-
adhesive film and licorice mucoadhesive film (4 
weeks). Out of four types of treatment, the most 
significant reduction in the degree of oral mucosi-
tis (WHO) was found in the combination mouth-
wash, from 4.00±0.00 to 2.03±0.186, compared 
to 4.00±0.00 to 2.97±0.183 in the control group.42 
However, combination mouthwash was shown to 
be only effective for radiotherapy-induced oral 
mucositis.

Moreover, the types of oral mucositis medi-
cation only proven to reduce the degree of oral 
mucositis compared to the control group were 
triclosan mouthwash and palifermin. triclosan 
showed a lower incidence of severe oral mucosi-
tis (using WHO instrument) than palifermin, 8% 
vs. 51%.16, 18 triclosan was a broad-spectrum an-
tibiotic agent that effectively reduced the degree 
of radiotherapy-induced oral mucositis and the 
duration of oral mucositis (23.6 days).16

Many types of photobiomodulation therapy 
were presented in the systematic review, such as 
PBMt (lllt), PBMt+PDt, and red + infrared 
LLLT. Light therapy with PBMT could signifi-
cantly reduce the degree of oral mucositis, both 
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tam et al.20 Several publications stated the results 
were significant but did not provide information 
about the pain reduction value, namely the pub-
lication by rezazadeh et al.,43 carvalho et al.,17 
and Wei et al.,51 so they are not included in the 
table.

low-level laser therapy showed the most con-
siderable decrease in pain compared to the con-
trol. Publication by Oton-leite et al.13 showed a 
significant difference in the median Visual Ana-
log Scale (VaS) value at the end of the study, 
namely 2.88(3.00) vs. 7.64(8.00) in the control 
group. this was in line with the study by Gautam 
et al.,19 which stated that the incidence of patients 
with severe oral pain (VaS>7) was 8.3% at the 
end of radiotherapy compared to 50% in the con-
trol group and the duration of the pain was 10.0 
vs. 16.5 days. in addition, lllt using a helium-
neon laser also successfully reduced pain (using 
VaS instrument), but the reduction was not as 
significant as a regular LLLT.

Various mouthwashes also showed a signifi-
cant reduction in pain, including ibuprofen, Plan-
tago ovata husk, doxepin, methylene blue (MB), 
and Bioadhesive barrier-forming lipid solution 
(caM2028). the mouthwash with the most sig-
nificant pain reduction from beginning to the end 
is MB. MB mouthwash was proven to reduce pain 
(Numerial rating Scale [NrS]) of radio/chemo/
chemoradiotherapy-induced oral mucositis from 
7.7±1.83 to 2.51±2.76 in just a few minutes af-
ter gargling.55 However, the publication did not 
specify the exact time needed for gargling. Be-
sides that, the publication also did not mention 
data on radiotherapy techniques and chemothera-
py regimens received by subjects.

Moreover, the mouthwash that significantly 
reduces pain compared to the control group was 
Plantago ovata husk. this herbal mouthwash 
took one week to reduce pain (VaS) to 2 (1-3) 
compared to 3(2-4) in the control group.39 this 
mouthwash was only effective for chemotherapy-
induced oral mucositis, and its effectiveness in a 
shorter duration was not yet known. Furthermore, 
doxepin mouthwash also decreased pain com-
pared to the control group. However, the results 
of this study were very limited because the data 
obtained were only in the form of the area Under 
curve (aUc) for mouth and throat pain reduc-

that the degree of oral mucositis also decreased 
significantly after treatment with red + infrared 
laser, 0.667±0.516 compared to 1.33±1.86 in the 
control group.

Besides medication and photobiomodulation 
therapy, oral mucositis therapy could also be in 
the form of thermal (cryotherapy), autologous 
(platelet gel supernatant), microorganisms (pro-
biotics), and diet (elemental diet). cryotherapy 
and platelet gel supernatant showed a significant 
reduction in the degree of oral mucositis (WHO) 
compared to the control group, namely 2 vs. 2.5 
and 1.69±0.946 vs. 2.52±0.704, respectively.46, 54 
aside from reducing the degree of oral mucositis, 
cryotherapy was shown to shorten the duration 
of oral mucositis, which was only 7.8 days, com-
pared to 10.1 days in those who did not receive 
cryotherapy.54 in addition, platelet gel superna-
tant also delayed the onset of grades 3 and 4 oral 
mucositis. the severe oral mucositis appeared on 
day 28 in subjects given platelet gel supernatant 
and appeared on day 21 in the control group.46

Probiotics also showed a significant reduc-
tion in the degree of oral mucositis (Nci) com-
pared to the control, namely 1.42±0.887 vs. 
2.46±0.505.35 Moreover, the elemental diet also 
showed a lower incidence of grade >2 oral mu-
cositis (Nci), which was 15.4% vs. 66.7% in pa-
tients who did not complete the therapy.47 How-
ever, these four types of therapy require further 
research as they do not show the reduction in the 
degree of oral mucositis compared to the initial 
study and are also limited to a specific type of 
oral mucositis. cryotherapy and elemental diet 
were only effective for chemotherapy-induced 
oral mucositis, whereas probiotics were only 
effective for chemoradiotherapy-induced oral 
mucositis, and platelet gel supernatant was only 
effective for radiotherapy/chemoradiotherapy-
induced oral mucositis.

in terms of decreasing oral mucositis associ-
ated pain, as seen in table ii, not all publications 
stated the pain level at baseline and after therapy. 
Several publications only reported the level of 
pain at the end of therapy, namely those by Oton-
leite et al.,13 Hasheminasab et al.,39 and leenstra 
et al.23 One publication only presented the inci-
dence of a particular pain level at a specific time 
during the study, such as the publication by Gau-
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has been proven effective against various types of 
cancers, including carcinomas, germ cell tumors, 
lymphomas, and sarcomas. its mechanism of ac-
tion has been linked to its ability to crosslink with 
the purine bases on the DNa, interfering with 
DNa repair mechanisms, causing DNa damage, 
and subsequently inducing apoptosis in cancer 
cells.73

this systematic review found that melphalan 
is the second most used chemotherapy/ chemo-
radiotherapy regimen that induced oral mucosi-
tis. Melphalan was also in a class of anti-cancer 
drugs of alkylating agents used to treat multiple 
myeloma (a type of cancer of the bone marrow). 
Melphalan was also used to treat a specific type 
of ovarian cancer, early and advanced breast can-
cer, childhood neuroblastoma, polycythaemia 
vera, and amyloidosis (a disease in which abnor-
mal proteins build up in tissues and organs in the 
body). Moreover, this agent was also used for 
regional arterial perfusion in localized malignant 
melanoma and localized soft-tissue sarcoma of 
the extremities.74

Melphalan could inhibit tumor growth by 
chemically altering the DNa nucleotide guanine 
through alkylation and causes linkages between 
strands of DNa. this chemical alteration inhib-
its DNa replication and transcription of rNa 
and ultimately disrupts nucleic acid function. 
these changes caused cytotoxicity in both di-
viding and non-dividing tumor cells. in addition, 
melphalan also possessed some immunosup-
pressive activity.74

a study conducted by Bensinger et al.75 stat-
ed that cisplatin and melphalan were associated 
with a greater risk of developing oral mucositis. 
Other than that, doxorubicin, 5-fluorouracil (5-
FU; bolus more than infusional), methotrexate, 
and cyclophosphamide also carried high risks of 
developing oral ulceration.75 Moreau et al. re-
vealed that there is a 31% to 36% risk in patients 
receiving high-dose melphalan.76 Furthermore, 
the study conducted by curra et al.77 reported the 
patients who received cisplatin experienced more 
severe oral mucositis.

Limitations of the study

there were several limitations of this systematic 
review:

tion. essential data such as the mean or median 
was also not available.

Besides mouthwash, oral mucositis medica-
tion could also be taken orally. Plantago major 
L. was taken three times a day from three days 
before radiotherapy until the end. this drug could 
reduce pain in radiotherapy-induced oral mucosi-
tis compared to control. in 7 weeks, pain (VaS) 
was reduced to only 0.50±0.10 vs. 2.95±0.18 in 
control group.58 in addition, oral mucositis medi-
cation can also be administered through a patch. 
transdermal fentanyl (patch) was administered 
at a rate of 25 g/hour and changed every 72 
hours. transdermal fentanyl was an opioid drug 
proven to reduce pain (using NrS instrument) in 
chemoradiotherapy-induced oral mucositis from 
5.54±0.86 to 2.82±0.68 in 10 days.15 the re-
sults of this study were also in line with research 
by Xing et al.45 that showed a decrease in pain 
(NrS) from 6 (range 3-9) to 0 (0-4) after 15 days.

according to the researcher’s analysis, low-
level laser therapy (photobiomodulation thera-
py) is the most effective type of oral mucositis 
therapy because it has been discussed by many 
publications and has been proven to decrease the 
severity of oral mucositis in terms of the degree 
of radio/ chemo/ chemoradiotherapy-induced 
oral mucositis and its associated pain.

The most frequently used chemotherapy/chemora-
diotherapy regimens that induced oral mucositis

cisplatin was the most frequently used chemo-
therapy/chemoradiotherapy regimen that induced 
oral mucositis. this antineoplastic agent was in 
the class of alkylating agents. alkylating agents 
were the first and most commonly used antican-
cer drugs in chemotherapy. alkylating agents act-
ed directly on DNa, causing cross-linking of the 
DNa strands, abnormal base pairing, or breaking 
of DNa strands, thereby preventing cell division. 
although it could be used for most types of can-
cer, it was beneficial in treating slow-growing 
cancers. the effectiveness of alkylating agents on 
rapidly growing cells was not very promising.5

cisplatin, cisplatinum, or cis-diamminedichlo-
roplatinum (ii), was a well-known chemothera-
peutic agent. it has been used for various treat-
ments of human cancers, such as bladder, head 
and neck, lung, ovarian, and testicular cancers. it 
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2021;71:209–49. 
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incidence, Mortality, Years of life lost, Years lived With 
Disability, and Disability-adjusted life-Years for 29 cancer 
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html [cited 2023, Mar 1].
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Ma. radiation therapy and chemotherapy-induced oral mu-
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treated with allogeneic bone marrow transplantation. Support 
care cancer 2012;20:367–73. 
10. lalla rV, Bowen J, Barasch a, elting l, epstein J, Keefe 
DM, et al.; Mucositis Guidelines leadership Group of the 
Multinational association of Supportive care in cancer and 
international Society of Oral Oncology (MaScc/iSOO). 
MaScc/iSOO clinical practice guidelines for the man-
agement of mucositis secondary to cancer therapy. cancer 
2014;120:1453–61. 
11. Münstedt K, Männle H. Using Bee Products for the Pre-
vention and treatment of Oral Mucositis induced by cancer 
treatment. Molecules 2019;24:3023. 
12. elad S, cheng KK, lalla rV, Yarom N, Hong c, logan 
rM, et al.; Mucositis Guidelines leadership Group of the 
Multinational association of Supportive care in cancer and 
international Society of Oral Oncology (MaScc/iSOO). 
MaScc/iSOO clinical practice guidelines for the man-
agement of mucositis secondary to cancer therapy. cancer 
2020;126:4423–31. 
13. Oton-leite aF, elias lS, Morais MO, Pinezi Jc, leles 
cr, Silva Ma, et al. effect of low level laser therapy in the 
reduction of oral complications in patients with cancer of the 
head and neck submitted to radiotherapy. Spec care Dentist 
2013;33:294–300. 
14. leppla l, De Geest S, Fierz K, Deschler-Baier B, Koller 
a. an oral care self-management support protocol (OrcaSS) 
to reduce oral mucositis in hospitalized patients with acute 
myeloid leukemia and allogeneic hematopoietic stem cell 
transplantation: a randomized controlled pilot study. Support 
care cancer 2016;24:773–82. 
15. Guo SP, Wu SG, Zhou J, Feng HX, li FY, Wu YJ, et al. 
transdermal fentanyl for pain due to chemoradiotherapy-
induced oral mucositis in nasopharyngeal cancer patients: 
evaluating efficacy, safety, and improvement in quality of life. 
Drug Des Devel ther 2014;8:497–503.
16. Satheeshkumar PS, chamba MS, Balan a, Sreelatha Kt, 
Bhatathiri VN, Bose t. effectiveness of triclosan in the man-

• meta-analysis was challenging because the 
effectiveness of each therapy differed from one 
to another, and the data displayed in several pub-
lications was only in the form of graphs or im-
ages, using median, not the mean value. in addi-
tion, the time of data collection varies between 
publications, making it challenging to be homog-
enized;

• several publications do not clearly present 
the data needed for the risk of bias assessment, 
but these publications are still included in this 
systematic review;

• there were several promising therapies but 
only discussed in one publication. therefore, it 
was difficult to determine the exact potential of 
these therapies in reducing the degree of oral mu-
cositis and pain;

• this systematic review did not discuss the 
decrease in oral mucositis severity in terms of 
quality of life. the publications on the quality 
of life in oral mucositis were very limited. also, 
the domains of each quality of life assessment 
instrument were varied, making it difficult to 
compare one instrument with another.

the limitation of the review process was that 
the scope of research was too broad. in the future, 
it is expected that further research that focuses 
explicitly on low-level laser therapy (photobio-
modulation therapy) will be conducted because 
this therapy has been proven to be the most ef-
fective in reducing the severity of oral mucositis.

Conclusions

low-level laser therapy (photobiomodulation 
therapy) was the most reported type of therapy 
by many publications and recommended for the 
treatment of oral mucositis. this therapy has 
been proven to reduce the degree of radio/ che-
mo/ chemoradiotherapy-induced oral mucositis 
and its associated pain.
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