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Abstract

Introduction: Oral mucositis is a common adverse effect of chemotherapy and radiotherapy, charac-
terized by erythematous lesions, edema, ulceration, atrophy, or even hemorrhage. Current evidence
highlights the complexity of its management and the importance of tailoring therapeutic approach-
es to the individual patient profile in order to improve quality of life during cancer treatment. Objec-
tives: To access the efficacy of pharmacological and non-pharmacological interventions for the pre-
vention and treatment of chemotherapy- and/or radiotherapy-induced oral mucositis. Materials and
Methods: A systematic review with meta-analysis of 27 articles published between 2019 and 2024
was also performed, aiming to characterize and contextualize therapeutic interventions for oral mu-
cositis. Results and Discussion: This systematic review and meta-analysis suggests that various non-
pharmacological interventions (such as cryotherapy and photobiomodulation) and pharmacological
interventions, particularly natural agents (such as honey, curcumin, green tea), are effective for the
prevention and treatment of oral mucositis. Conclusion: Oral mucositis is a highly prevalent adverse
effect in patients undergoing chemotherapy and/or radiotherapy, with significant functional, nutri-
tional, and treatment adherence implications. The systematic review with meta-analysis demonstrat-
ed the efficacy of non-pharmacological and natural interventions.
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Introduction

Description of the condition

Oral mucositis (OM) is one of the most common side ef-
fects of chemotherapy and head and neck radiotherapy, af-
fecting over 75% of high-risk patients (1-4). When induced
by combined chemotherapy and radiotherapy, this percent-
age increases to approximately 90-100% (1, 2, 4, 5).

OM triggered by oncological treatment presents as er-
ythematous lesions accompanied by edema, ulceration, at-
rophy, or even bleeding, characterizing significant in-
flammation of the oral cavity. This side effect represents a
considerable challenge for both patients and oncology health-
care professionals (6-9). Symptom severity ranges from mild
discomfort to painful erythema. In more severe cases, OM
has a substantial impact on quality of life, particularly due to

Uvod

Opis stanja

Oralni mukozitis (OM) jedna je od najées¢ih nuspoja-
va kemoterapije i radioterapije glave i vrata, a pogada vise od
75 % pacijenata s visokim rizikom (I — 4). Kada se inducira
kombiniranom kemoterapijom i radioterapijom, taj se posto-
tak povecava na priblizno 90 do 100 % (1, 2, 4, 5).

OM izazvan onkoloskim lije¢enjem manifestira se kao
eritematozne lezije pracene edemom, ulceracije, atrofija ili
¢ak krvarenje, $to karakterizira izrazenu upalu usne Suplji-
ne. Ta je nuspojava velik izazov i za onkoloske pacijente i za
zdravstveno osoblje (6 — 9). Tezina simptoma krece se od bla-
ge nelagode do bolnog eritema. U tezim slucajevima OM
znatno utjece na kvalitetu Zivota, posebno zbog ogranicenja
u bitnim funkcijama poput jedenja, hidratacije i komunika-
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limitations in essential functions such as eating, hydration,
and communication. In extreme situations, OM may lead
to weight loss, nutritional deficiencies, secondary infections,
prolonged hospitalization, and increased associated health-
care costs. It is also important to consider that dose reduc-
tions or even forced interruptions of treatment may become
necessary, which can negatively affect disease prognosis (1-
3, 10-12).

OM is frequently classified according to the World Health
Organization (WHO) oral mucositis scale, which considers
both objective and functional criteria — such as the presence
of erythema or ulceration and the patient’s ability to eat —
with symptom severity graded from 0 to 4 (13). Although the
WHO scale is widely used, other classification systems also
play an important role in the assessment of OM, namely the
Radiation Therapy Oncology Group (RTOG) scale and the
National Cancer Institute’s Common Terminology Criteria
for Adverse Events (NCI-CTCAE), (1, 13-15).

Currently, the studies on chemotherapy and radiother-
apy induced OM are mainly focused on symptom manage-
ment and treatment effectiveness. Although no standard-
ized protocol exists, scientific evidence increasingly supports
the efficacy of various therapeutic approaches (1, 16, 17). In
2020, the Mucositis Study Group of the Multinational As-
sociation of Supportive Care in Cancer and the Internation-
al Society of Oral Oncology (MASCC/ISOO) published
clinical guidelines proposing evidence-based recommenda-
tions for the prevention and treatment of OM (17). These
were grouped into eight categories: basic oral care (includ-
ing oral habits and patient education); anti-inflammatory
agents (such as benzydamine); low-level laser photobiomod-
ulation therapy; cryotherapy; antimicrobials, coating agents,
anesthetics, and analgesics (including topical morphine or li-
docaine rinses); growth factors and cytokines; natural and
miscellaneous agents (such as honey and glutamine); inter-
ventions for gastrointestinal mucositis.

In cases of severe pain, the use of opioids may be neces-
sary. It is up to the clinician to determine the most appropri-
ate approach for symptom management (1, 4, 7, 9, 16-19).
This evidence-based framework underscores the complexity
of OM management. However, the MASCC/ISOO recom-
mendations are now five years old, and since then additional
data and expert consensus have emerged. In particular, the
2025 international expert consensus provided updated per-
spectives on both pharmacological and non-pharmacological
interventions, highlighting the need to reassess and compare
the robustness of existing guidelines (20).

Why it is important to do this review

Given the clinical burden of OM and the evolving land-
scape of therapeutic approaches, an updated systematic re-
view and meta-analysis is essential to synthesize current ev-
idence, identify the most effective interventions, and guide
oncology practice.

Objective
The objective of this review was to assess the current
landscape of pharmacological and non-pharmacological in-
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cije. U ekstremnim situacijama OM moze potaknuti gubi-
tak tjelesne tezine, nutritivne nedostatke, sekundarne infek-
cije, produljene hospitalizacije i povec¢ane povezane troskove
zdravstvene zastite. Takoder je vazno uzeti u obzir da mo-
gu postati nuzni za smanjenje doze ili ¢ak prisilni prekid li-
jeCenja, $to moze negativno utjecati na prognozu bolesti (1
-3,10 - 12).

OM se cesto klasificira prema ljestvici oralnoga mukozi-
tisa Svjetske zdravstvene organizacije (WHO) koja uzima u
obzir i objektivne i funkcionalne kriterije — poput eritema ili
ulceracija i sposobnosti pacijenta da jede — s teZinom simp-
toma ocjenjivanom od 0 do 4 (13). Tako se ljestvica WHO-
a najces¢e primjenjuje, drugi klasifikacijski sustavi takoder
su vazni u procjeni OM-a, a to su ljestvica Skupine za onko-
losku radioterapiju (RTOG) i Zajednicki terminoloski krite-
riji za $tetne dogadaje Nacionalnoga instituta za rak (NCI-
CTCAE) (1, 13- 15).

Trenuta¢no su studije o OM-u prouzro¢enom kemote-
rapijom i radioterapijom uglavnom usmjerene na upravlja-
nje simptomima i uc¢inkovitost lijecenja. Iako nema standar-
diziranoga protokola, znanstveni dokazi sve ¢es¢e podupiru
ucinkovitost razli¢itih terapijskih pristupa (1, 16, 17). Go-
dine 2020., studijska skupina za mukozitis Multinacional-
nog udruzenja za potpornu skrb kod raka i Medunarodno-
ga drustva za oralnu onkologiju (MASCC/ISOO) objavila je
klini¢ke smjernice s preporukama na temelju dokaza za pre-
venciju i lije¢enje oralnoga mukozitisa (OM) (17). Smjerni-
ce su grupirane u osam kategorija: osnovna oralna skrb (uk-
lju¢ujuéi oralne navike i edukaciju pacijenata), protuupalna
sredstva (kao $to je benzidamin), terapija fotobiomodulaci-
jom laserom niskoga intenziteta, krioterapija, antimikrobna
sredstva, sredstva za premazivanje, anestetici i analgetici (uk-
ljucujuéi topikalno ispiranje morfinom ili lidokainom), fak-
tori rasta i citokini, prirodni i razni agensi (med i glutamin) i
intervencije za gastrointestinalni mukozitis.

U slucaju jake boli mogu biti potrebni opioidi. Na klini-
¢aru je da odredi najprikladniji pristup za upravljanje simp-
tomima (1, 4, 7, 9,16 — 19). Taj okvir temeljen na dokazima
istice slozenost lije¢enja OM-a. Medutim, preporuke MAS-
CC/ISOO-a predlozene su prije pet godina, a od tada su se
pojavili dodatni podatci i stru¢ni konsenzus. Konkretno,
isticuci potrebu za ponovnom procjenom i usporedbom po-
stoje¢ih smjernica, medunarodni stru¢ni konsenzus azurirao
je 2025 perspektivu o farmakoloskim i nefarmakoloskim in-
tervencijama. (20)

Zasto je vazno napraviti ovaj pregled

S obzirom na klinicki teret onkoloske encefalopatije i
promjenjive terapijske pristupe, azurirani sustavni pregled i
metaanaliza klju¢ni su za sintezu aktualnih dokaza, identifi-
ciranje najucinkovitijih intervencija i usmjeravanje onkolos-

ke prakse.

Svrha

Procijeniti aktualne farmakoloske i nefarmakoloske in-
tervencije za prevenciju i lijecenje oralnoga mukozitisa prou-
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terventions for the prevention and treatment of chemothera-
py and/or radiotherapy-induced oral mucositis.

Methods

This systematic review and meta-analysis were conducted
according to the methodological expectations for Cochrane
intervention reviews (MECIR) @ when conducting the re-
view and PRISMA 2020 (22) for the reporting. The review
protocol was registered in PROSPERO, under registration
number CRD42024554737.

Criteria for considering studies for this review
Eligibility criteria
Inclusion criteria

Eligibility criteria were defined according to the Popu-
lation, Intervention, Comparator, and Outcomes (PICO)
framework:

Population: Adults (218 years old) with cancer under-
going chemotherapy and/or radiotherapy, presenting with
varying degrees of oral mucositis severity, classified accord-
ing to standard grading systems (e.g., WHO, NCI-CTCAE,
RTOG).

Interventions and Comparators: Any pharmacologi-
cal or non-pharmacological intervention for the prevention
or treatment of oral mucositis. Interventions included the
categories defined by the MASCC/ISOO Mucositis Study
Group (MSG): basic oral care, growth factors and cytokines,
anti-inflammatory agents, antimicrobials, analgesics and an-
esthetics, mucosal coating agents, natural agents, cryothera-
py, photobiomodulation/laser therapy, and amifostine (17).
Comparisons included placebo, standard/routine care, no
treatment, or head-to-head trials between interventions. For
efficacy analyses, trials comparing an intervention to place-
bo were prioritized.

Outcomes: Primary outcomes were the severity and/or
incidence of oral mucositis, assessed by validated grading

scales (WHO, RTOG, NCI-CTCAE, PROMS).

Exclusion criteria

Studies were excluded if they met one of the following
criteria: 1) Oral mucositis not resulting from chemoradio-
therapy; 2) non-randomized clinical trials; 3) reviews, letters,
case reports, personal opinions, book chapters, and confer-
ence abstracts; 4) languages restrictions; 5) full-text unavail-
ability.

Types of outcome measures

Primary outcome: Oral mucositis incidence and sever-
ity. Severity was graded on a 0—4 scale (none to severe) and
dichotomized as follows: any mucositis (0 vs 21), moderate-
to-severe mucositis (0—1 vs >2), and severe mucositis (0-2
vs 23).

Secondary outcome: Pain intensity, time to onset, and
remission of mucositis.

The core outcome set for oral mucositis, developed by
Bellm in 2002 and registered in COMET (23), was consid-
ered for reporting consistency.

Oralni mukozitis

zro¢enog kemoterapijom i/ili radioterapijom.

Metode

Ovaj sustavni pregled i metaanaliza provedeni su u skla-
du s metodoloskim o¢ekivanjima za Cochranove intervencij-
ske pregledne radove (MECIR) (21) pri obavljanju pregleda i
PRISMA-e 2020. (22) za izvjeStavanje. Protokol preglednoga
rada registriran je u PROSPERO-u, pod registracijskim bro-
jem CRDA42024554737.

Kriteriji za razmatranje studija za ovaj pregled

Kriteriji za ukljucivanje

Kriteriji za sudjelovanje

Kriteriji za sudjelovanje definirani su prema okviru popu-
lacije, intervencije, usporedbe i ishoda (PICO),

Populacija: odrasli (> 18 godina) s rakom koji se podvrga-
vaju kemoterapiji i/ili radioterapiji, s razlicitim stupnjevima
oralnoga mukozitisa, klasificirani prema standardnim susta-
vima ocjenjivanja (WHO, NCI-CTCAE, RTOG).

Intervencije i usporedbe: bilo koja farmakoloska ili ne-
farmakoloska intervencija za prevenciju ili lije¢enje oralnoga
mukozitisa. Intervencije su ukljucivale kategorije koje je de-
finirao MASCC/ISOO Mucositis Study Group (MSG): os-
novna oralna skrb, faktori rasta i citokini, protuupalni agen-
si, antimikrobni lijekovi, analgetici i anestetici, sredstva za
premazivanje sluznice, prirodni agensi, krioterapija i fotobi-
omodulacija/laserska terapija i amifostin (17). Usporedbe su
obuhvacale placebo, standardnu/rutinsku skrb, bez lije¢enja
ili izravna ispitivanja izmedu intervencija. Za analize ucinko-
vitosti prioritet su bila ispitivanja koja su usporedivala inter-
venciju s placebom.

Ishodi: primarni ishodi bili su tezina i/ili incidenci-
ja oralnoga mukozitisa procijenjena validiranim ljestvicama

(WHO, RTOG, NCI-CTCAE, PROMS).

Kriteriji za isklju¢ivanje

Studije su isklju¢ene ako su ispunjavale jedan od sljede-
¢ih kriterija: 1) oralni mukozitis koji nije posljedica kemo ili
radioterapije; 2) nerandomizirana klinicka ispitivanja; 3) pre-
gledi, pisma, prikazi sluajeva, osobna miljenja, poglavlja u
knjigama i saZetci s konferencija; 4) jezi¢na ogranicenja; 5)
nedostupnost cjelovitoga teksta.

Vrste ishoda

Primarni ishod: incidencija i teZina oralnoga mukoziti-
sa. Tezina je ocjenjivana na ljestvici od 0 do 4 (od nema do
teskoga) i dihotomizirana na sljedeéi nacin: bilo koji muko-
zitis (0 nasuprot > 1), umjereni do teski mukozitis (0 — 1 na-
suprot > 2) i teski mukozitis (0 — 2 nasuprot > 3).

Sekundarni ishod: intenzitet bola, vrijeme do pocetka i
remisija mukozitisa.

Radi dosljednosti izvjes¢ivanja uzet je u obzir osnov-
ni skup ishoda za oralni mukozitis koji je predlozio Bellm
2002. godine i registriran je u COMET-u (23).
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Search methods

Electronic searches

A comprehensive search was conducted in PubMed, Sco-
pus, Cochrane Library, and Google Scholar from inception
to July 18, 2024, including articles published between 2019
and 2024. The full search strategies are provided in Table 1.
Reference lists of relevant reviews and included studies were
screened to identify additional eligible articles. Trial regis-
tries and gray literature were not considered.

Table 1.  Search protocol used in the systematic review.
Tablica 1. Protokol pretrazivanja koristen u sustavnom pregledu.

Search strategy

“pharmacological interventions” AND “oral mucositis”

Oral Mucositis .

Metode pretrazivanja

Elektronicko pretraZivanje

Sveobuhvatno pretrazivanje obavljeno je u PubMedu,
Scopusu, Cochrane Libraryju i Google Scholaru od pocetka
do 18. srpnja 2024., ukljucuju¢i ¢lanke tiskane izmedu 2019.
i 2024. Potpune strategije pretrazivanja navedene su u tabli-
ci 1. Popisi referencija relevantnih preglednih radova i uklju-
¢enih studija pregledani su kako bi se identificirali dodatni
odgovaraju¢i ¢lanci. Registri ispitivanja i siva literatura nisu
uzeti u obzir.

Database/Results
PubMed: 50
SCOPUS: 193
Cochrane Library: 18
Google Scholar: 976

“pharmacological interventions” AND “ulceration related to oral mucositis”

PubMed: 4
SCOPUS: 54
Cochrane Library: 3
Google Scholar: 670

“pharmacological interventions AND pain related to oral mucositis”

PubMed: 4
SCOPUS: 107
Cochrane Library: 5
Google Scholar: 980

“oral mucositis” OR “oral mucositis treatment” OR “oral mucositis prevention” OR “oral mucositis
therapy” OR “chemotherapy adverse events” OR “radiotherapy adverse events” OR “oral mucositis

classification”

PubMed: 17 705
SCOPUS: 991
Cochrane Library: 9837
Google Scholar: 17 300

Study selection

Two reviewers independently screened all titles and ab-
stracts. Full texts of potentially relevant articles were re-
trieved and assessed against inclusion/exclusion criteria.
Discrepancies were resolved through discussion or, when
necessary, consultation with a third reviewer in cases of per-
sistent disagreement or uncertainty.

Data Extraction and Management

Data were independently extracted by two reviewers us-
ing a standardized form. Extracted data included study de-
tails (author, year, country), design, sample size, participant
characteristics (mean age, % female, cancer type), treat-
ment regimen, intervention and comparator details (catego-
ry, agent, dose, route, frequency, duration), outcomes (muco-
sitis scale, pain scale, time points, means/SDs or events), and
risk of bias items.

Risk of Bias Assessment

Risk of bias was assessed independently by two review-
ers using the Cochrane Risk of Bias tool for randomized tri-
als (RoB 1.0). The level of agreement between reviewers was
quantified using Cohen’s Kappa index (24). Disagreements
were resolved through discussion or by consulting a third re-
viewer (25, 26).

Odabir studija

Dva recenzenta neovisno su pregledala sve naslove i sa-
zetke. Preuzeti su cjeloviti tekstovi iz potencijalno relevan-
tnih ¢lanaka i procijenjeni prema kriterijima uklju¢ivanja/
iskljucivanja. Neslaganja su rijeSena raspravom ili, ako je bi-
lo potrebno, konzultacijama s tre¢im recenzentom u slucaju
upornog neslaganja ili nesigurnosti.

Ekstrakcija i upravljanje podatcima

Podatke su, koristeéi se standardiziranim modelom, ne-
ovisno izdvojila dva recenzenta. Izdvojeni podatci ukljuci-
vali su detalje studije (autor, godina, zemlja), dizajn, veli¢i-
nu uzorka, karakteristike sudionika (prosje¢na dob, postotak
zena, vrsta raka), nacin lijecenja, detalje o intervenciji i us-
poredbi (kategorija, sredstvo, doza, put primjene, ucestalost,
trajanje), ishode (ljestvica mukozitisa, ljestvica boli, vremen-
ske tocke, srednje vrijednosti / SD ili dogadaji) i rizik od pri-

stranosti.

Procjena rizika od pristranosti

Rizik od pristranosti neovisno su procijenila dva recen-
zenta, a koristili su se Cochraneovim alatom za procjenu ri-
zika od pristranosti za randomizirana ispitivanja (RoB 1.0).
Razina slaganja izmedu recenzenata kvantificirana je s po-
mocu Cohenova kappa indeksa (24). Neslaganja su rijesena
raspravom ili konzultacijama s tre¢im recenzentom (25, 26).
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Statistical Analysis

For dichotomous outcomes (severe and non-severe OM),
odds ratios (ORs) with 95% confidence intervals (Cls) were
calculated using raw event counts. For continuous outcomes
(e.g., mean mucositis severity), mean differences (MDs) with
standard errors were computed based on report means, stan-
dard deviations, and sample sizes.

For studies reporting multiple post-baseline time points,
a multilevel random-effects meta-analysis model was ficted
using maximum likelihood estimation, with random inter-
cepts for each study to account for within-study correlations
among repeated measurements. Best linear unbiased predic-
tions (BLUP) were extracted as the study-specific estimates
for these studies. For single post-baseline time point, a con-
ventional random-effects meta-analysis was applied.

All study-specific OR or MD were combined in a meta-
analysis using an inverse-variance weighted random-effects
model. Heterogeneity was assessed using the /7 statistic.

Subgroup-specific pooled effects were estimated us-
ing separate random-effects meta-analyses within each sub-
group. To formally test for differences between subgroups,
mixed-effects meta-regression models were fitted with the
subgroup variable as a categorical moderator, and the like-
lihood ratio test was used to assess statistical significance.
Pairwise comparisons between subgroups were conducted,
with p-values adjusted using the Holm method to account
for multiple testing.

Publication bias was evaluated with funnel plots and
the trim-and-fill method. All analyses were performed in R
(metaphor package), (27). Forest plots and funnel plots were
generated using package ggplot2. In the forest plots, each
point represents an individual study estimate, with marker
size proportional to study weight. Circles denote studies with
a single follow-up, while squares indicate studies with multi-
ple follow-ups (BLUP estimates).

A two-sided significance level of 5% was used for all sta-
tistical tests.

Results

Study Selection

A total of 3064 records were identified through electron-
ic database searches. After removing 1173 duplicates, 1891
unique records remained for screening. Following title and
abstract screening, 1816 records were excluded because they
did not meet the eligibility criteria.

The full texts of 66 articles were assessed for eligibility.
Of these, 39 articles were excluded for the following reasons:
not a randomized controlled trial (n = 6) (28-33), studies
conducted in animals (n = 2) (34,35), in vitro studies (n = 5)
(36-40), participants not undergoing chemotherapy or radio-
therapy (n = 4) (41-44), literature reviews (n = 2) (45,46), un-
finished trials (n = 4) (47-50), not reporting effect measures

Oralni mukozitis

Statisticka analiza

Za dihotomne ishode (teski i ne teski OM), omjeri vje-
rojatnosti (OR) s 95 % intervalima pouzdanosti (CI) izratu-
nati su koristenjem sirovoga broja dogadaja. Za kontinuira-
ne ishode (npr., prosje¢na tezina mukozitisa), srednje razlike
(MD) sa standardnim pogreskama izra¢unate su na temelju
srednjih vrijednosti izvje$¢a, standardnih devijacija i veli¢i-
na uzorka.

Za studije koje izvjestavaju o viSe vremenskih to¢aka na-
kon pocetnog razdoblja, model metaanalize s vise razina slu-
¢ajnih ucinaka prilagoden je koristenjem procjene maksi-
malne vjerojatnosti, sa slu¢ajnim odsjeccima za svaku studiju
kako bi se uzele u obzir korelacije unutar studije medu po-
novljenim mjerenjima. Najbolja linearna nepristrana predvi-
danja (BLUP) izdvojena su kao procjene specificne za ove
studije. Za pojedina¢nu vremensku tocku, nakon pocetnoga
razdoblja, primijenjena je konvencionalna metaanaliza slu-
¢ajnih u¢inaka.

Svi OR-i ili MD-i specifi¢ni za studiju kombinirani su u
metaanalizi koriStenjem modela slu¢ajnih u¢inaka ponderi-
ranog inverznom varijancom. Heterogenost je procijenjena
koriStenjem /7 statistike.

Sveukupni ucinci specifiéni za podskupinu procijenjeni
su kori$tenjem zasebnih metaanaliza slu¢ajnih u¢inaka unu-
tar svake podskupine. Kako bi se formalno testirale razli-
ke izmedu podskupina, modeli metaregresije s mijesanim
efektima prilagodeni su varijablom podskupine kao katego-
rickim moderatorom, a test omjera vjerojatnosti koristen je
za procjenu statisticke znacajnosti. Provedene su parne us-
poredbe izmedu podskupina, s p-vrijednostima prilagodeni-
ma Holmovom metodom kako bi se uzelo u obzir visestru-
ko testiranje.

Pristranost objavljivanja procijenjena je ljevkastim dija-
gramima i metodom obrezivanja i popunjavanja. Sve anali-
ze provedene su u R-u (tzv. metafor paket) (27). Sumski di-
jagrami i ljevkasti dijagrami generirani su s pomocu paketa
ggplot2. U Sumskim dijagramima svaka tocka oznacava pro-
cjenu pojedinacne studije, s veli¢cinom markera proporcional-
nog tezini studije. Krugovi oznacavaju studije s jednim pra-
¢enjem, a kvadrati studije s viSe pracenja (procjene BLUP).

Za sve statisticke testove koristena je dvostrana razina
znacajnosti od 5 %.

Rezultati

Odabir studija

Pretrazivanjem elektronickih baza podataka ukupno su
identificirana 3064 zapisa. Nakon uklanjanja 1173 duplika-
ta, za probir je ostao 1891 jedinstveni zapis. Nakon probira
naslova i sazetka, 1816 zapisa je iskljuceno jer nisu ispunjava-
li kriterije prihvatljivosti.

Cjeloviti tekstovi 66 ¢lanaka procijenjeni su prema pri-
hvatljivosti. Od toga je 39 isklju¢eno iz sljede¢ih razloga: nije
randomizirano kontrolirano ispitivanje (n = 6) (28 -33), stu-
dije su provedene na Zivotinjama (n = 2) (34, 35), studije su in
vitro (n = 5) (36 — 40), sudionici koji nisu podvrgnuti kemo-
terapiji ili radioterapiji (n = 4) (41 — 44), pregledi literature (n
= 2) (45, 46), nedovrsena ispitivanja (n = 4) (47 — 50), neiz-
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of interest (n = 11) (51-61), and absence of a control group (n
=5) (62-66).

Ultimately, 27 studies met all inclusion criteria and were
included in the qualitative synthesis (67-93). Several articles
reported more than treatment arm, resulting in a total of 30
studies included in the meta-analysis.

The study selection process is summarized in the PRIS-
MA flow diagram (Figure 1).

Characteristics of Included Studies

A total of 30 studies, reported in 27 publications be-
tween 2019 and 2024, were conducted across 11 countries
and included 1499 participants. The median sample size per
study was 50 (range: 20-100). The proportion of female par-
ticipants ranged from 6.5% to 100%, and the mean age of
participants ranged from 44.7 to 66.9 years. Sixteen stud-
ies evaluated outcomes at more than one post-baseline time
point (67-93).

The interventions evaluated were grouped into three
main categories: anti-inflammatory, antimicrobial, and coat-
ing agents; natural agents or non-pharmacological interven-
tions. Anti-inflammatory, antimicrobial, and coating agents
included RRx-001 and dexamethasone (69), polyacrylate
silver salt (70), triamcinolone acetonide (83), chlorhexidine
(84), metformin (87), clotrimazole lozenges (90) and benzy-
damine (91). Natural agents included honey (67,74,77), green
tea (68), probiotics (71,82), curcumin (72,73,78,81,92), vi-
tamin E (75), plantago ovata-based herbal compound (76),
ayurvedic (85), saline mouthwash (86) and compound Kush-
en (88). Non-pharmacological interventions included cryo-
therapy (79, 89), phototherapy (72, 80) and early nutrition-
al intervention ®?. Interventions were also classified into two
broader categories: pharmacological and non-pharmacolog-
ical (intervention type). The delivery method was also con-
sidered, including capsules or pills (71,73,75,78,87), topical
pharmacological interventions (such as mouthwashes or gels)
(67,68,70,72,74,76,77,81-86,90-92) and topical non-phar-
macological interventions (72,79,80,89). The scale used to
assess oral mucositis and the type of cancer treatment re-
ceived by participants was also considered.

Regarding countries of origin, five main regional groups
were created to account for cultural differences and allow for
more homogeneous comparisons. The East and South Asian
group included Korea (89), China (71,88,93), Taiwan (70),
and Indonesia (75) (five studies); the Middle East and North
Africa group included Egypt (87) and Iran (73,76,78,83)
(five studies); the South American group included Brazil
(72,74,76,81) and Argentina (68) (six studies); the South
Asian group included India (67,77,79,82,84,85,90-92) and
the Maldives (86) (ten studies); and finally, three studies
were published in the United States of America (69).

The inter-observer agreement was evaluated through Co-
hen’s Kappa coeflicient (24), with a resulting value of 0.85,
indicating a substantial degree of consistency between raters.

Further details of included studies can be found in Ta-

ble 2.

Oral Mucositis .

vje$¢ivanje o mjerama ucinka od interesa (n = 11) (51 — 61) i
odsutnost kontrolne skupine (n = 5) (62 — 66).

Konac¢no, 27 studija ispunilo je sve kriterije i uklju¢ene
su u kvalitativnu sintezu (67 — 93). U nekoliko ¢lanaka izvi-
jesteno je o vise od jedne skupine lijecenja, $to je rezultiralo s
ukupno 30 studija ukljucenih u metaanalizu.

Proces odabira studija sazet je u dijagramu toka PRI-

SMA-e (slika 1.).

Znacajke ukljucenih studija

Ukupno 30 studija, objavljenih u 27 publikacija izmedu
2019. i 2024. godine, provedeno je u 11 zemalja i ukljudiva-
le su 1499 sudionika. Srednja veli¢ina uzorka po studiji bila
je 50 (raspon: 20 — 100). Udio sudionika kretao se od 6,5 do
100 %, a prosje¢na dob bila je od 44,7 do 66,9 godina. U 16
studija procijenjeni su ishodi u vise od jedne vremenske to¢-
ke nakon pocetka istrazivanja (67 — 93).

Procijenjene intervencije grupirane su u tri glavne katego-
rije: protuupalna, antimikrobna sredstva i sredstva za obla-
ganje te prirodni agensi ili nefarmakoloske intervencije. Pro-
tuupalna, antimikrobna i sredstva za oblaganje ukljucivala
su RRx-001 i deksametazon (69), poliakrilatnu srebrnu sol
(70), triamcinolon acetonid (83), klorheksidin (84), metfor-
min (87), klotrimazol pastile (90) i benzidamin (91). Prirod-
ni agensi uklju¢ivali su med (67, 74, 77), zeleni ¢aj (68), pro-
biotike (71, 82), kurkumin (72, 73, 78, 81, 92), vitamin E
(75), biljni spoj na bazi plantago ovate (indijski trputac) (76),
adjurvandski (85), fiziolosku otopinu za ispiranje usta (86)
i spoj dobiven od kineske bilike kushen (Sophora flavescens)
(88). Nefarmakoloske intervencije uklju¢ivale su krioterapiju
(79, 89), fototerapiju (72, 80) i ranu nutritivau intervenciju
(93). Intervencije su takoder klasificirane u dvije $ire katego-
rije: farmakoloske i nefarmakoloske (vrsta intervencije). Ta-
koder je uzeta u obzir metoda primjene, uklju¢ujuéi kapsule
ili tablete (71, 73, 75, 78, 87), lokalne farmakoloske interven-
cije (vodice za ispiranje usta ili gelovi) (67, 68, 70, 72, 74, 76,
77, 81 — 86, 90 — 92) i lokalne nefarmakoloske intervencije
(72,79 ,80, 89). Takoder su uzete u obzir ljestvica koristena
za procjenu oralnoga mukozitisa i vrsta lije¢enja raka koju su
sudionici primili.

Kad je rije¢ o zemljama podrijetla, stvoreno je pet glavnih
regionalnih skupina kako bi se uzele u obzir kulturne razli-
ke i omogucile homogenije usporedbe. Isto¢noazijska i juz-
noazijska skupina obuhvacale su Koreju (89), Kinu (71, 88,
93), Tajvan (70) i Indoneziju (75) (pet studija); skupina Bli-
skog istoka i Sjeverne Afrike obuhvacala je Egipat (87) i Iran
(73,76, 78, 83) (pet studija); juznoamericka skupina obuhva-
¢ala je Brazil (72, 74, 76, 81) i Argentinu (68) (Sest studija);
juznoazijska skupina obuhvacala je Indiju (67, 77, 79, 82, 84,
85, 90 — 92) i Maldive (86) (deset studija) i kona¢no, tri stu-
dije objavljene su u Sjedinjenim Ameri¢kim Drzavama (69).

Slaganje izmedu promatraca procijenjeno je Cohenovim
kappa koeficijentom (24), s rezultirajuéom vrijednos¢u od
0,85, $to pokazuje znatan stupanj dosljednosti izmedu ocje-
njivaca.

Vise detalja o uklju¢enim studijama vidi u tablici 2.
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Figure 3. Funnel plot of included studies evaluating the effect by: (A) MD and (B) OR.
Slika 3. Dijagram uklju¢enih studija koje procjenjuju u¢inak prema: (A) MD i (B) OR.
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intervencijskih skupina na incidenciju OM bez studija visokog rizika,
nakon RoB 1.0 analize.
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Figure 6.Subgroup analysis of oral mucositis assessed by mean differences: (A) Sex— 1. %Female <35%; 2. %Female > 35%; (B) Age; (C)
Region; (D) Cancer; (E) Treatment Regimen; (F) Oral Mucositis scale; (G) Intervention type; (H) Intervention groups; (I) Delivery
method.

Slika 6. Analiza podskupina oralnog mukozitisa procijenjena srednjim razlikama: (A) Spol — 1. %Zene <35%; 2. %Zene > 35%; (B) Dob;

(O) Regija; (D) Rak; (E) Rezim lijecenja; (F) Skala oralnog mukozitisa; (G) Vrsta intervencije; (H) Intervencijske skupine; () Nacin
provedbe.
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Figure 8.Subgroup analysis of oral mucositis assessed by odds ratio: (A) Sex— 1. %Female <35%; 2. %Female > 35%; (B) Age; (C) Region;
(D) Treatment Regimen; (E) Oral Mucositis scale; (F) Intervention type; (G) Intervention groups; (H) Delivery method.

Slika 8. Analiza podskupina oralnog mukozitisa procijenjenog omjerom sansi: (A) Spol — 1. %Zene <35%; 2. %Zene > 35%; (B) Dob; (C)
Regija; (D) Rezim lijecenija; (E) Ljestvica oralnog mukozitisa; (F) Vrsta intervencije; (G) Intervencijske skupine; (H) Nacin provedbe.
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Table 2.  Characteristics of the included studies. Abbreviations: CT — Chemotherapy; CRT — Chemoradiotherapy; RT — Radiotherapy.
Tablica 2. Karakteristike ukljucenih studija. Kratice: CT — Kemoterapija; CRT — Kemoradioterapija; RT — Radioterapija.

tu opulation characteristics ntervention characteristics
Study Population ch: isti I ion ch isti
Author Age % Cancer  Intervention (n  Intervention Control O Odds Ratio .Mean
Year hlean Female Cancer treatment of cases) roup (n of controls) (n post- (95%-CI) Diflerence
Country (years) 8 baseline) (95%-CI)
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Srinivasan et Clotrimazole Ar;lti_ Sod
al 1 533 714 Head and CRT lozenges and n tflnllma;)(?r}lf, b'o ab 1 1.62
2019 : ’ neck soda bicarbonate | 27 THCrobIals \carbonate (0.53, 4.94)
India @ mouthwash (28) and coating mouthwash (28)
agent
Srinivasan et Benzydamine Ii?ll;]tz;qmatory
al2 Head and mouthwash S0 | Saline 1.56
2019 52 10 neck CRT and saline antlmlcrf)blals mouthwash (20) ! (0.42, 5.76)
India © mouthwash (20) zgjniﬂatmg
Thomas et al Turmeric .
2023 57.6 25 Heai(d and CRT Mouthwash Natural agents Benzy-damine 7 0.18
India @ nec (Curcumin) (46) mouthwash (46) (0.09, 0.36)
Wei et al Early nutritional Late nutritional
2024 56.45 24 He?{d and CRT intervention I\Lon— logical intervention 1 ?6131 1.06)
China ® nec (50) pharmacologica (50) .01, 1.

Risk of bias in Included Studies

All included studies were randomized controlled trials.
Overall, methodological quality was mixed: 5 studies were
assessed as having low risk of bias, 19 as unclear risk, and
3 as high risk. The distribution of risk of bias assessments is
shown in Figure 2. Funnel plots suggested minimal publi-
cation bias, with the trim-and-fill method estimating zero
missing studies for mean difference analyses and one poten-
tially missing study for odds ratio analyses (Figure 3). Figure
4 shows the forest plot of odds ratios and 95% confidence in-
tervals for the effect of intervention groups on oral mucositis
incidence, after excluding high-risk studies identified in the
RoB 1.0 analysis.

Rizik od pristranosti u uklju¢enim studijama

Sve ukljucene studije bile su randomizirana kontrolirana
ispitivanja. Sveukupno, metodoloska kvaliteta bila je mjeso-
vita: 5 je procijenjeno kao studije s niskim rizikom od pristra-
nosti, 19 kao one s nejasnim rizikom i 3 s visokim rizikom.
Raspodjela rizika od pristranosti prikazana je na slici 2. Ljev-
kasti dijagrami sugeriraju minimalnu pristranost objavljiva-
nja, pri ¢emu se metodom obrezivanja i popunjavanja procje-
njuje da nema nedostaju¢ih studija za analize srednjih razlika
i jednu potencijalno nedostaju¢u studiju za analize omjera
moguénosti (slika 3.). Na slici 4 Sumski je dijagram omjera
moguénosti i 95 % intervala pouzdanosti za uc¢inak interven-
cijskih skupina kad je rije¢ o incidenciji oralnoga mukoziti-
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Meta-analysis

Primary Outcome — Mean difference (MD)

The pooled analysis demonstrated that interventions sig-
nificantly reduced the severity of oral mucositis compared
with controls. The overall MD was —0.47 (95% CI: -0.71
to —0.24, p < 0.001), indicating a moderate-to-large benefi-
cial effect. Figure 5 presents the forest plot of MD and 95%
confidence intervals for the mucositis scale. The red diamond
represents the overall pooled effect. Negative values indicate
a reduction in mucositis favoring the intervention group.
Vertical dashed line indicates no effect (MD = 0).

Heterogeneity was high (/2 = 89.1%). Subgroup analyses
were conducted for sex, age, geographic region, cancer type,
treatment regimen, mucositis scale, intervention type, inter-
vention groups, and delivery method.

Subgroup analyses yielded the following key findings:

- By region: Significant effects were observed in East and
South Asia (MD = —0.65, 95% CI: -1.11 to —0.18) and
the Middle East/North Africa (MD = -0.37, 95% CI:
-0.62 to -0.13).

- By cancer type: Only head and neck cancer studies
showed a significant effect (MD =-0.52, 95% CI: —0.81
to —0.23).

- By treatment regimen: Significant effects were observed
for CRT (MD =-0.42, 95% CI: -0.71 to —0.12) and RT
(MD =-0.84, 95% CI: -1.32 to —0.35).

- By intervention category: Natural agents (MD = -0.51,
95% CI: —=0.81 to —0.20) and non-pharmacological in-
terventions (MD = —-0.56, 95% CI: —0.98 to —0.14) dem-
onstrated significant effects.

- By delivery method: Significant results were observed for
capsule/pill administration (MD =-0.73, 95% CI: -1.04
to —0.42) and topical non-pharmacological approaches
(MD =-0.56, 95% CI: —-0.98 to —0.14).

However, no significant differences were found in the ef-
fect size across all subgroups considered (Table 3, Figure 6).

Primary Outcome — Odds ratio (OR)

When analyzed as a dichotomous outcome, interventions
also significantly reduced the risk of oral mucositis compared
with controls. The pooled OR was 0.31 (95% CI: 0.19-0.49,
p < 0.001), confirming a robust beneficial effect. Figure 7
presents the forest plot of OR and 95% confidence intervals
for the mucositis scale. The red diamond represents the over-
all pooled effect. Negative values indicate a reduction in mu-
cositis favoring the intervention group. Vertical dashed line
indicates no effect (OR = 1).

Heterogeneity among studies was very high (7 = 92,0%).
This heterogeneity was explored through subgroup analysis
(sex, age, region, cancer type, treatment regimen, oral muco-
sitis scale, intervention type, intervention groups, and deliv-
ery method groups).

The treatment effect was statistically significant across
the categories of sex, treatment regimen, intervention type
(pharmacological vs. non-pharmacological), and interven-

Oral Mucositis .

sa, nakon iskljucivanja studija visokoga rizika identificiranih
u analizi RoB 1.0.

Metaanaliza

Primarni ishod — srednja razlika (MD)

Sveukupna analiza pokazala je da su intervencije znacaj-
no smanjile tezinu oralnoga mukozitisa u usporedbi s kon-
trolnom skupinom. Ukupni MD bio je -0,47 (95 % CI:
-0,71 do -0,24, p < 0,001), $to upu¢uje na umjeren do ve-
lik koristan u¢inak. Na slici 5. je Sumski dijagram MD-a i
95 % intervala pouzdanosti za ljestvicu mukozitisa. Crveni
romb pokazuje ukupni zdruzeni u¢inak. Negativne vrijed-
nosti upozoravaju na smanjenje mukozitisa u korist interven-
cijske skupine. Isprekidana okomita crta oznacava da nema
uc¢inka (MD = 0).

Heterogenost je bila visoka (I = 89,1 %). Analize pod-
skupina obavljene su prema spolu, dobi, zemljopisnoj regiji,
vrsti raka, rezimu lijecenja, ljestvici mukozitisa, vrsti inter-
vencije, intervencijskim skupinama i na¢inu primjene.

Analize podskupina dale su sljedece klju¢ne nalaze:

- Po regiji: znacajni ucinci uoceni su u istocnoj i juznoj
Aziji (MD = -0,65, 95 % CI: -1,11 do —0,18) te na Bli-
skom istoku/u sjevernoj Africi (MD = -0,37, 95 % CI:
-0,62 do -0,13).

- Prema vrsti raka: samo su studije raka glave i vrata poka-
zale znacajan uc¢inak (MD = -0,52, 95 % CI: -0,81 do
-0,23).

- Prema rezimu lijecenja: znacajni u¢inci uoceni su za CRT
(MD =-0,42, 95 % CI: 0,71 do —0,12) i RT (MD =
-0,84, 95 % CI: -1,32 do -0,35).

- Prema kategoriji intervencije: prirodni agensi (MD =
—-0,51, 95 % CI: 0,81 do —20) i nefarmakoloske inter-
vencije (MD =-0,56, 95 % CI: 0,98 do —0,14) pokaza-
li su znacajne u¢inke.

- Prema nadinu primjene: znacajni rezultati uoceni su pri
primjeni kapsula/pilula (MD = -0,73, 95 % CI: -1,04
do —0,42) i lokalnih nefarmakoloskih pristupa (MD =
-0,56, 95 % CI: -0,98 do —-0,14).

Nisu pronadene znacajne razlike u veli¢ini u¢inka u svim
razmatranim podskupinama (tablica 3., slika 6.).

Primarni ishod — omjer mogucnosti (OR)

Kada se analiziraju kao dihotomni ishod, intervencije su
takoder znacajno smanjle rizik od oralnoga mukozitisa u us-
poredbi s kontrolnom skupinom. Zdruzeni OR bio je 0,31
(95 % CI: 0,19 - 0,49, p < 0,001), $to potvrduje snazan i
blagotvoran u¢inak. Na slici 7. je Sumski dijagram OR-a i
95 % intervala pouzdanosti za ljestvicu mukozitisa. Crve-
ni romb oznac¢ava ukupni zdruzeni u¢inak. Negativne vri-
jednosti upu¢uju na smanjenje mukozitisa u korist interven-
cijske skupine. Isprekidana okomita crta oznacava da nema
uc¢inka (OR = 1).

Heterogenost medu studijama bila je vrlo visoka (7 =
92,0 %). Ta heterogenost istrazena je analizom podskupina
(spol, dob, regija, vrsta raka, rezim lije¢enja, ljestvica oralno-
ga mukozitisa, vrsta intervencije, intervencijske skupine, sku-
pine metoda primjene).

Utinak lijecenja bio je statisticki znacajan u svim katego-
rijama spola, rezima lijecenja, vrste intervencije (farmakolos-
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Table 3.  Subgroup analysis for the oral mucositis assessed by mean difference in mucositis scale.
Tablica 3. Analiza podskupina za oralni mukozitis procijenjen srednjom razlikom na ljestvici mukozitisa.

N::::g;::f MD (95%-CI) p-value
Sex
%Female <35% 8 89.3 -0.49 (-0.90,-0.08) 0.75
%Female >35% 6 82.0 -0.57 (-0.86,-0.28)
Age
44-55 6 84.3 -0.48 (-0.80,-0.16) 0.93
56-67 7 77.9 -0.50 (-0.77,-0.23)
Region
East and South Asia 3 87.9 -0.65 (-1.11,-0.18) 0.88
Middle East and North Africa 4 68.1 -0.37 (-0.62,-0.13)
South America 4 82.4 -0.41 (-0.88,0.06)
South Asia 5 92.4 -0.49 (-1.06,0.07)
Cancer type
Head and Neck 12 89.9 -0.52 (-0.81,-0.23) 0.26
Other 3 46.2 -0.17 (-0.37,0.03)
Treatment Regimen
CT 3 75.7 -0.26 (-0.62,0.11) 0.29
RT 3 84.9 -0.84 (-1.32,-0.35)
CRT 10 88.1 -0.42 (-0.71,-0.12)
Oral Mucositis Scale
WHO 10 89.4 -0.43 (-0.78,-0.09) 0.27
NCI-CTCAE 4 50.1 -0.76 (-0.98,-0.54)
Intervention type
Non-pharmacological 3 72.6 -0.56 (-0.98,-0.14) 0.68
Pharmacological 13 90.4 -0.45 (-0.72,-0.18)
Interventions groups
Anti-inflammatory, antimicrobials and coating agent 3 879 -0.26 (-0.82,0.31) 0.67
Natural agents 10 9.10 -0.51 (-0.81,-0.20)
Non-pharmacological 3 72.6 -0.56 (-0.98,-0.14)
Delivery method groups
Capsule/pill 3 72.2 -0.73 (-1.04,-0.42) 0.44
Topic non-pharmacological 3 72.6 -0.56 (-0.98,-0.14)
Topic pharmacological 8 91.0 -0.36 (-0.72,0.00)

tion groups.

Subgroup analyses yielded the following key findings:
By age: Significant effects were observed only in partic-
ipants aged 5667 years (OR = 0.36, 95% CI: 0.23—
0.58).

By region: Significant effects were reported in East and
South Asia (OR = 0.08, 95% CI: 0.03—0.27), South Asia
(OR =0.39, 95% CI: 0.19-0.83), South America (OR =
0.39, 95% CI: 0.19-0.83), and the USA (OR = 0.31, 95%
CI: 0.19-0.51).

By treatment regimen: Statistically significant reductions
were observed for CT (OR = 0.27, 95% CI: 0.16-0.47),
RT (OR = 0.28, 95% CI: 0.15-0.53), and CRT (OR =
0.34, 95% CI: 0.17-0.68).

By mucositis scale: Both WHO (OR = 0.33, 95% CI:
0.20-0.53) and NCI-CTCAE (OR = 0.27, 95% CI:
0.17-0.42) scales showed consistent beneficial effects.

By intervention group: Natural agents (OR = 0.26, 95%
CIL: 0.12-0.54) and non-pharmacological interventions

ka vs. nefarmakoloska) i intervencijskih skupina.

Analize podskupina dale su sljedece klju¢ne nalaze:
Prema dobi: znacajni u¢inci uoc¢eni su samo kod sudioni-
ka u dobi od 56 do 67 godina (OR = 0,36, 95 % CI: 0,23
-0,58).

Prema regiji: znacajni udinci zabiljezeni su u isto¢noj i
juznoj Aziji (OR = 0,08, 95 % CI: 0,03 — 0,27), juznoj
Aziji (OR = 0,39, 95 % CI: 0,19 - 0,83), juznoj Americi
(OR = 0,39, 95 % CI: 0,19 — 0,83) i SAD-u (OR = 0,31,
95 % CI: 0,19 - 0,51).

Prema rezimu lije¢enja: statisticki znaCajna smanjenja
uocena su za CT (OR = 0,27, 95 % CI: 0,16 - 0,47), RT
(OR=0,28,95 % CI: 0,15-0,53) i CRT (OR = 0,34, 95
% CI: 0,17 - 0,68).

Prema ljestvici mukozitisa: i WHO (OR = 0,33, 95 %
CI: 0,20 — 0,53) i NCI-CTCAE (OR = 0,27, 95 % CI:
0,17 — 0,42) ljestvica pokazale su dosljedne blagotvorne
ucinke.

Prema intervencijskoj skupini: prirodni agensi (OR =
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Table 4.  Subgroup analysis for the oral mucositis assessed by OR.
Tablica 4. Analiza podskupina za oralni mukozitis procijenjen OR-om.

N:::gie:s()f OR (95%-CI) p-value
Sex
%Female <25% 10 67.4 0.41 (0.23, 0.74) 0.17
%Female >25% 10 63.3 0.22(0.12, 0.42)
Age
44-55 6 83.1 0.33 (0,10, 1.10) 0.86
56-67 9 53.4 0,36 (0,23, 0,58)
Region
East and South Asia 4 53.4 0.08 (0.03, 0.27) 0.067
South America 3 67.3 0.68 (0.21, 2.22)
South Asia 4 61.8 0.39 (0.19, 0.83)
USA 3 0.00 0.31 (0.19, 0.51)
Treatment Regimen
CT 5 0.00 0.27 (0.16, 0.47) 0.80
RT 3 17.8 0.28 (0.15, 0.53)
CRT 12 80.1 0.34 (0.17, 0.68)
Oral Mucositis Scale
WHO 10 52.7 0.33 (0.20, 0.53) 0.91
NCI-CTCAE 4 0.00 0.27 (0.17, 0.42)
RTOG 83.1 0.38 (0.07, 2.13)
Intervention type
Non-pharmacological 4 0.00 0.26 (0.13, 0.50) 0.74
Pharmacological 16 77.0 0.32 (0.18, 0.55)
Interventions groups
Anti-inflammatory, antimicrobials and coating agent 6 61.5 0.44 (0.24, 0.80) 0.42
Natural agents 11 76.7 0.26 (0.12, 0.54)
Non-pharmacological 3 0.00 0.21 (0.10, 0.45)
Delivery method groups
Capsule/pill 4 0.00 0.27 (0.17, 0.43) 0.48
Topic non-pharmacological 4 0.00 0.26 (0.13, 0.50)
Topic pharmacological 7 68.5 0.42 (0.18, 1.01)
Intravenously 4 81.6 0.17 (0.06, 0.50)

(OR = 0.21, 95% CI: 0.10-0.45) demonstrated signifi-
cant reductions.

- By delivery method: Significant results were observed for
capsules/pills (OR = 0.27, 95% CI: 0.17-0.43), topical
non-pharmacological approaches (OR = 0.26, 95% CI:
0.13-0.50), and intravenous administration (OR = 0.17,
95% CI: 0.06-0.50).

However, no significant differences were found in the ef-

fect size across all subgroups considered. (Table 4, Figure 8)

Discussion

High levels of heterogeneity among included studies lim-
ited the interpretation of the overall estimates. Nevertheless,
the results of subgroup analysis provided a more structured
aggregation of data, improving robustness and credibility of
the significant effects observed.

Subgroup analyses are often underpowered when there
are few studies or events per subgroup, and tests for subgroup
differences typically have low power (94). In our review, sub-

0,26, 95 % CI: 0,12 — 0,54) i nefarmakoloske intervenci-
je (OR = 0,21, 95 % CI: 0,10 — 0,45) pokazali su znacaj-
na smanjenja.
- Prema metodi primjene: znacajni rezultati uoceni su za
kapsule/pilule (OR = 0,27, 95 % CI: 0,17 — 0,43), lokal-
ne nefarmakoloske pristupe (OR = 0,26, 95 % CI: 0,1
-0,50) i intravensku primjenu (OR = 0,17, 95 % CI: 0,06
- 0,50).
Nisu pronadene znacajne razlike u veli¢ini u¢inka medu
svim razmatranim podskupinama. (tablica 4., slika 8.)

Rasprava

Visoka heterogenost medu uklju¢enim studijama ograni-
¢ila je interpretaciju ukupnih procjena. Ipak, poboljsavajuci
robusnost i vijerodostojnost uocenih znacajnih ucinaka, ana-
liza podskupina omogudila je strukturiraniju agregaciju po-
dataka.

Analize podskupina cesto su slabije snage kada postoji
malo studija ili dogadaja po podskupini, a testovi za razlike
medu podskupinama obi¢no imaju nisku snagu (94). U na-
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group analyses were performed as planned, but we acknowl-
edge that subgroups with a limited number of studies should
be carefully interpreted. In addition, variability in how out-
comes were defined, and evidence originated from specific
geographic regions, could limit the generalizability of our
findings to other settings.

The systematic review and meta-analysis suggest that va-
riety of interventions, both pharmacological and non-phar-
macological, demonstrated efficacy in the prevention and
treatment of chemotherapy- and/or radiotherapy-induced
OM. Notably, natural agents (OR = 0.26; 95% CI: 0.12,
0.54; MD = -0.51; 95% CI: -0.81, -0.20) and non-pharma-
cological interventions (OR = 0.21; 95% CI: 0.10, 0.45; MD
=-0.56; 95% CI: -0.98, -0.14) showed statistically significant
effects, supporting previous evidence of their beneficial role
in OM management (12,17,95-98).

These findings are consistent with the 2020 guidelines
of the MASCC/ISOO Mucositis Study Group, which rec-
ommend non-pharmacological therapies such as photobio-
modulation (laser therapy) and cryotherapy, as well as natu-
ral products like honey and curcumin. In this review, honey
and curcumin were evaluated in three and five studies, re-
spectively, supporting their role as integral components in
the management of OM (17, 67, 72-74, 77, 78, 81, 92). Ac-
cording to Zadik et al., photobiomodulation has demonstrat-
ed efficacy in preventing OM among patients with head and
neck cancer, a finding also supported in this review (MD =
-0.52; 95% CI: -0.81, -0.23), (99-102). This population is at
particularly high risk of OM due to tumor location and lo-
calized effects of radiotherapy, which justifies the need for
more specific therapeutic approaches (103). Similarly, the ef-
ficacy of cryotherapy, especially in the context of chemother-
apy, is consistent with the results reported by Brown et al.
and Riley et al (95, 96).

Regarding delivery methods, capsules or pills-based in-
terventions demonstrated a significant protective effect (OR
= 0.27; 95% CI: 0.17, 0.43; MD = -0.73; 95% CI: -1.04,
-0.42).

In contrast, topical pharmacological interventions (e.g.,
mouthwashes containing green tea, curcumin, chlorhexi-
dine, or honey) yielded less pronounced reductions in OM
severity, with no significant impact overall. Previous stud-
ies suggested that topical approaches may be more effective
if initiated early, but the current evidence base remains lim-
ited (12). Similarly, interventions involving anti-inflammato-
ries, antimicrobials, and coating agents did not show signif-
icant reductions in OM severity. A small number of studies
in these categories represents a limitation and highlights the
need for further high-quality trials.

Geographical subgroup analyses revealed stronger effects
in East and South Asia (OR = 0.08, 95% CI: 0.03-0.27; MD
= -0.65, 95% CI: -1.11 to —0.18), the Middle East (MD =
—-0.37, 95% CI: -0.62 to —0.13), and South Asia (OR = 0.39,
95% CI: 0.19-0.83). These differences may be influenced
by regional variations in clinical practices, healthcare infra-
structure, dietary habits, or cultural use of herbal agents. Im-
portantly, no statistically significant differences were found
across subgroups overall, suggesting a consistent therapeutic

Oralni mukozitis

sem su pregledu analize podskupina provedene prema pla-
nu, ali priznajemo da podskupine s ogranic¢enim brojem stu-
dija treba oprezno interpretirati. Osim toga, varijabilnost u
nac¢inu na koji su ishodi definirani i dokazi koji potjecu iz
odredenih geografskih regija mogli bi ograniciti generaliza-
ciju nasih nalaza na druge postavke.

Sustavni pregled i metaanaliza sugeriraju da su razne in-
tervencije, i farmakoloske i nefarmakoloske, pokazale u¢in-
kovitost u prevenciji i lije¢enju OM-a prouzro¢enog kemo-
terapijom i/ili radioterapijom. Znacajno je da su prirodni
agensi (OR = 0,26; 95 % CI: 0,12, 0,54; MD =-0,51; 95 %
CI: -0,81, -0,20) i nefarmakoloske intervencije (OR = 0,21;
95 % CI: 0,10, 0,45; MD = -0,56; 95 % CI: —0,98, —0,14)
pokazali statisticki znacajne ucinke, $to podupire dosadasnje
dokaze o njihovoj blagotvornoj ulozi u lije¢enju OM-a (12,
17,95 - 98).

Ovi su nalazi u skladu sa smjernicama studijske skupine
za mukozitis MASCC/ISOO iz 2020. godine koja preporu-
¢uje nefarmakoloske terapije poput fotobiomodulacije (laser-
ske terapije) i krioterapije te prirodne proizvode poput meda
i kurkumina. U ovom pregledu su med i kurkumin procije-
njeni u tri, odnosno pet studija, $to podupire njihovu ulogu
sastavnih komponenti u lije¢enju OM-a (17, 67, 72 74, 77,
78, 81, 92). Prema Zadiku i suradnicima, fotobiomodulacija
je pokazala u¢inkovitost u sprje¢avanju OM-a kod pacijena-
ta s rakom glave i vrata, $to je nalaz koji je takoder podrzan
u ovom pregledu (MD = -0,52; 95 % CI: -0,81, -0,23) (99 —
102). Ova populacija ima znatno ve¢i rizik od OM-a zbog lo-
kacije tumora i lokaliziranih u¢inaka radioterapije, $to oprav-
dava potrebu za specificnijim terapijskim pristupima (103).
Sli¢no tomu, uc¢inkovitost krioterapije, posebno u kontekstu
kemoterapije, u skladu je s rezultatima o kojima su izvijestili
Brown i suradnici te Riley i suradnici (95, 96).

Kad je rije¢ o metodama primjene, intervencije na bazi
kapsula ili tableta pokazale su znacajan zastitni u¢inak (OR
= 0,27; 95 % CI: 0,17, 0,43; MD = -0,73; 95 % CI: -1,04,
-0,42).

Suprotno tomu, lokalne farmakoloske intervencije (vo-
dice za ispiranje usta koje sadrzavaju zeleni ¢aj, kurkumin,
klorheksidin ili med) manje su izrazeno smanjile tezinu OM-
a, bez znacajnoga ukupnog utjecaja. U dosadasnjim studija-
ma sugeriralo se da lokalni pristupi mogu biti uc¢inkovitiji
ako se s njima po¢ne rano, ali trenuta¢na baza dokaza osta-
je ogranicena (12). Sli¢no tomu, intervencije koje ukljucu-
ju protuupalne lijekove, antimikrobne lijekove i sredstva za
oblaganje nisu znacajno smanjile tezinu OM-a. Svakako je
ogranic¢enje mali broj studija u tim kategorijama pa se istice
potreba za daljnjim visokokvalitetnim ispitivanjima.

Geografske analize podskupina otkrile su snaznije ucin-
ke u isto¢noj i juznoj Aziji (OR = 0,08, 95 % CI: 0,03 - 0,27;
MD =-0,65, 95 % CI: -1,11 do -0,18), Bliskom istoku (MD
=-0,37, 95 % CI: -0,62 do -0,13) i juznoj Aziji (OR = 0,39,
95 % CI: 0,19 — 0,83). Na te razlike mogu utjecati regional-
ne varijacije u klini¢koj praksi, zdravstvenoj infrastrukturi,
prehrambenim navikama ili kulturnoj upotrebi biljnih sred-
stava. Vazno je da nisu pronadene statisticki znacajne razli-
ke medu podskupinama u cjelini, to sugerira dosljednu te-
rapijsku korist od intervencija u razli¢itim populacijama (1,




404

Palmela Pereira et al.

benefit of interventions across diverse populations (1, 2, 14).

The results of this meta-analysis, comprising 27 articles
from 11 countries, highlighted favorable effects of non-phar-
macological interventions (MD = -0.56; OR = 0.21) (such
as cryotherapy and photobiomodulation) and natural agents
(MD =-0.51; OR = 0.26) (such as honey, green tea and cur-
cumin). These findings align with and reinforce recent in-
ternational expert consensus published in 2025, such as
that by Xia et al., which emphasized the integration of ev-
idence-based natural and non-pharmacological approaches,
while underscoring the need for therapeutic personalization
(20,104).

Taken together, this review confirms the validity of the
MASCC/ISOO 2020 recommendations, while simultane-
ously demonstrating the necessity of updating them in light
of the growing body of evidence published in recent years.
The convergence of our results with the 2025 expert consen-
sus highlights the evolving therapeutic landscape and the im-
portance of regularly re-evaluating guidelines to ensure op-
timal patient care.

Although the present review demonstrates the efficacy of
several interventions, it also highlights gaps in the existing
literature. Notably, most trials focused exclusively on clini-
cal endpoints, while few included patient-centered outcomes
such as pain, quality of life, or functional impact. This lim-
itation in the primary evidence base restricts the ability to
fully assess the patient experience of OM and emphasizes
the importance of incorporating patient-reported outcomes
in future clinical trials (105,1006).

This systematic review and meta-analysis demonstrated
that non-pharmacological interventions, particularly pho-
tobiomodulation and cryotherapy, as well as natural agents
such as honey, curcumin, and green tea, are effective in re-
ducing the severity of chemotherapy and/or radiotherapy in-
duced oral mucositis. These findings provide strong support
for their integration into supportive care protocols, in line
with current MASCC/ISOO guidelines.

Nevertheless, the substantial methodological heterogene-
ity, variability in outcome assessment scales, and the limited
reporting of patient-centered outcomes reduce the certainty
of the evidence. Future research should prioritize high-qual-
ity randomized controlled trials that incorporate validated
patient-reported outcomes such as pain, oral functionality,
and quality of life, in order to complement clinical scales and
better capture the full impact of oral mucositis (107,108).

The risk of bias was assessed using the RoB 1.0 tool,
which has been widely applied in systematic reviews and me-
ta-analyses. Its extensive use facilitates comparability with
previous studies. Although a newer version is available, RoB
1.0 remains acceptable and ensures consistency with the ex-
isting literature. In addition, independent assessments by
two reviewers with a high level of agreement further rein-
force the robustness of our evaluation. We therefore consider
that the use of RoB 1.0 does not compromise the validity of
our conclusions, although future reviews may benefit from
adopting RoB 2.0.

Previous reviews and existing guidelines have largely em-
phasized pharmacological or non-pharmacological interven-

Oral Mucositis .

2, 14).

Rezultati ove metaanalize koja obuhvaca 27 ¢lanaka iz
11 zemalja istaknuli su povoljne u¢inke nefarmakoloskih in-
tervencija (MD = -0,56; OR = 0,21) (krioterapija i fotobi-
omodulacija) i prirodnih agensa (MD = -0,51; OR = 0,26)
(med, zeleni ¢aj i kurkumin). Ti nalazi uskladeni su s ne-
davnim medunarodnim stru¢nim konsenzusom objavljenim
2025. godine i pojacavaju ga, poput onoga Xia i suradnika
koji su istaknuli integraciju prirodnih i nefarmakoloskih pri-
stupa utemeljenih na dokazima, a istodobno i potrebu za te-
rapijskom personalizacijom (20, 104).

Uzevsi sve u obzir, ovaj pregled potvrduje valjanost pre-
poruka MASCC/ISOO-a 2020. te istodobno pokazuje po-
trebu za njihovim aZuriranjem na temelju sve veéeg broja
dokaza objavljenih posljednjih godina. Konvergencija nasih
rezultata sa stru¢nim konsenzusom iz 2025. istice razvoj te-
rapijskog krajolika i vaznost redovitoga ponovnog vrjedno-
vanja smjernica kako bi se osigurala optimalna skrb za pa-
cijente.

lako ovaj pregled pokazuje u¢inkovitost nekoliko inter-
vencija, on takoder istice praznine u postojeoj literaturi.
Znacajno je da se vecina ispitivanja usredotocila iskljucivo
na krajnje klinicke tocke, a malo njih ukljucivalo je ishode
usmjerene na pacijenta poput boli, kvalitete zivota ili funk-
cionalnog utjecaja. Ovo ograniCenje u primarnoj bazi do-
kaza ograni¢ava mogué¢nost potpune procjene pacijentova
iskustva s oralnim mukozitisom i istice vaznost uklju¢ivanja
ishoda koje su prijavili pacijenti u buduc¢a klinicka ispitiva-
nja (105, 100).

Ovaj sustavni pregled i metaanaliza pokazali su da su ne-
farmakoloske intervencije, posebno fotobiomodulacija i krio-
terapija te prirodni agensi poput meda, kurkumina i zeleno-
ga Caja, ucinkoviti u smanjenju tezine oralnoga mukozitisa
prouzro¢enog kemoterapijom i/ili radioterapijom. Ovi nalazi
pruzaju snaznu potporu njihovoj integraciji u protokole pot-
porne skrbi, u skladu s trenuta¢nim smjernicama MASCC/
ISOO-a.

Ipak, velika metodoloska heterogenost, varijabilnost u
ljestvicama procjene ishoda i ogranic¢eno izvjestavanje o is-
hodima usmjerenima na pacijenta smanjuju sigurnost doka-
za. Buduca istrazivanja trebala bi dati prednost visokokva-
litetnim randomiziranim kontroliranim ispitivanjima koja
uklju¢uju validirane ishode koje prijavljuju pacijenti poput
boli, oralne funkcionalnosti i kvalitete Zivota, kako bi se na-
dopunile klinicke ljestvice i bolje shvatio puni utjecaj oralnog
mukozitisa (107, 108).

Rizik od pristranosti procijenjen je s pomoc¢u alata RoB
1.0 koji se Cesto primjenjuje u sustavnim pregledima i meta-
analizama. Njegova opsezna upotreba olaksava usporediva-
nje s dosadasnjim studijama. Iako je dostupna novija verzija
RoB-a 1.0 ostaje prihvatljiv i osigurava dosljednost s postoje-
¢om literaturom. Uz to, neovisne procjene dvaju recenzenata
s visokom razinom slaganja dodatno jacaju snagu nase eva-
luacije. Zato smatramo da koristenje RoB-a 1.0 ne ugroza-
va valjanost nasih zakljucaka, iako bi budu¢i pregledi mogli
imati koristi od usvajanja RoB-a 2.0.

Dosadasnji pregledi i postoje¢e smjernice uglavnom su
isticali farmakoloske ili nefarmakoloske intervencije. Ovaj
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tions. This review, by including the most recent studies and
performing subgroup analyses by cancer type, delivery meth-
od, and geographic region, provides a more comprehensive
synthesis. This focus fills an important gap by highlighting
practical and applicable approaches and by framing the ev-
idence within the context of the latest international expert
consensus.

All told, our results reinforce the validity of the 2020
MASCC/ISOO recommendations, while also underscoring
the need for an evidence-based update. However, the con-
siderable methodological heterogeneity, the diversity of out-
come scales employed, and the scarcity of patient-centered
outcomes limit the robustness of our conclusions. This high-
lights the importance of future investigations that incorpo-
rate subjective variables such as pain, oral functionality, and
quality of life. In light of recent expert consensus published
in 2025, integrating both pharmacological and non-pharma-
cological strategies with a personalized approach should rep-
resent the next step in clinical management of oral mucositis.

Conclusion

This systematic review and meta-analysis provide robust
evidence supporting the efficacy of both pharmacological
and non-pharmacological interventions for the prevention
and management of chemotherapy- and/or radiotherapy-in-
duced oral mucositis. The analysis of 27 randomized con-
trolled trials demonstrated that natural agents such as honey,
curcumin, and green tea, as well as non-pharmacological ap-
proaches—particularly photobiomodulation and cryothera-
py—significantly reduce the incidence and severity of muco-
sitis, with moderate-to-large pooled effect sizes.

From a clinical standpoint, these findings reinforce the
need for integrating evidence-based supportive care into on-
cology protocols, particularly for head and neck cancer pa-
tients, where mucositis prevalence and severity are highest.
The results are in line with, and expand upon, the Mucositis
Study Group of the Multinational Association of Supportive
Care in Cancer and the International Society of Oral On-
cology 2020 recommendations, thus providing updated evi-
dence aligned with the 2025 international expert consensus.

Despite methodological heterogeneity among studies, the
consistency of beneficial effects across multiple subgroups—
cancer type, treatment modality, and region—supports the
external validity of these interventions. The inclusion of pa-
tient-reported outcomes in future trials is essential to better
assess quality of life, functional impact, and pain manage-
ment, thus ensuring that therapeutic strategies address both
clinical and human dimensions of care.

Clinically, this synthesis confirms that photobiomod-
ulation and cryotherapy should be prioritized as first-line
non-pharmacological strategies, complemented by natural
pharmacological agents as adjuvants. The adoption of these
interventions in daily oncology practice may substantially re-
duce symptom burden, treatment interruptions, and overall
healthcare costs, thus improving patient outcomes and ad-
herence to cancer therapy.

Oralni mukozitis

pregled, uklju¢ivanjem najnovijih studija i provodenjem
analiza podskupina prema vrsti raka, na¢inu primjene i ze-
mljopisnoj regiji, pruza sveobuhvatniju sintezu. Ovaj fokus
popunjava vaznu prazninu te istice prakti¢ne i primjenjive
pristupe uokvirujuéi dokaze u kontekst najnovijega meduna-
rodnoga stru¢nog konsenzusa.

Uzeti zajedno, nasi rezultati jacaju valjanost preporuka
MASCC/ISOO-a iz 2020., a istodobno isti¢u potrebu za
azuriranjem na temelju dokaza. Medutim, znatna metodo-
loska heterogenost, raznolikost koristenih ljestvica ishoda i
rijetkost ishoda usmjerenih na pacijenta ogranicavaju snagu
nasih zakljucaka. To istice vaznost budu¢ih istrazivanja ko-
ja bi trebala ukljuciti subjektivne varijable poput bola, oralne
funkcionalnosti i kvalitete zivota. U svjetlu nedavnoga stru¢-
nog konsenzusa objavljenog 2025. godine, integriranje far-
makoloskih i nefarmakoloskih strategija s personaliziranim
pristupom trebalo bi biti sljedeci korak u klinickom lije¢enju
oralnoga mukozitisa.

Zaklju¢ak

Ovaj sustavni pregled i metaanaliza daju ¢vrste dokaze
koji podupiru u¢inkovitost farmakoloskih i nefarmakoloskih
intervencija u prevenciji i lije¢enju oralnoga mukozitisa prou-
zro¢enog kemoterapijom i/ili radioterapijom. Analiza 27 ran-
domiziranih kontroliranih ispitivanja pokazala je da prirodni
agensi poput meda, kurkumina i zelenoga ¢aja te nefarmako-
loski pristupi — posebno fotobiomodulacija i krioterapija —
znacajno smanjuju incidenciju i teZinu mukozitisa s umjere-
nim do velikim zdruzenim u¢inkom.

S klinickog stajalista ti nalazi pojacavaju potrebu za in-
tegriranjem potporne skrbi na temelju dokaza u onkoloske
protokole, posebno za pacijente s rakom glave i vrata, u koji-
ma su prevalencija i tezina mukozitisa najvece. Rezultati su u
skladu s preporukama studijske skupine za mukozitis Multi-
nacionalnoga udruzenja potporne skrbi kod raka i Meduna-
rodnoga drustva za oralnu onkologiju iz 2020. i prosiruju ih,
pruzajudi azurirane dokaze uskladene s medunarodnim kon-
senzusom stru¢njaka iz 2025. godine.

Unato¢ metodoloskoj heterogenosti medu studijama, do-
sljednost korisnih u¢inaka u vise podskupina — vrsta raka,
nacinu lijecenja i regiji — podupire vanjsku valjanost ovih in-
tervencija. Ukljucivanje ishoda koje su prijavili pacijenti u
buduca ispitivanja klju¢no je za bolju procjenu kvalitete Zi-
vota, funkcionalnog utjecaja i upravljanja bolom, osigurava-
juéi da terapijske strategije obuhvate i klinicku i ljudsku di-
menziju skrbi.

Klinicki, ova sinteza potvrduje da fotobiomodulacija i
krioterapija trebaju biti prioritet kao nefarmakoloske stra-
tegije prve crte, nadopunjene prirodnim farmakoloskim
sredstvima kao adjuvansima. Primjena ovih intervencija u
svakodnevnoj onkoloskoj praksi moze znatno smanjiti op-
tere¢enje simptomima, prekide lije¢enja i ukupne troskove
zdravstvene zastite, ¢ime se pobolj$avaju ishodi za pacijente i
pridrzavanje terapije raka.
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Clinical Interpretation: The synthesis supports integration of non-
pharmacological (laser, cryotherapy) and natural adjuvant agents
(honey, curcumin) into standard supportive care protocols for oncol-
ogy patients.
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tozne lezije, edemi, ulceracija, atrofija ili ¢ak krvarenje. Aktualni dokazi pokazuju slozenost njego-

va lijecenja i koliko je vazno prilagoditi terapijski pristup individualnom profilu pacijenta kako bi se
poboljsala kvaliteta zivota tijekom lijecenja raka. Svrha: Procijeniti ucinkovitost farmakoloskih i ne-
farmakoloskih intervencija za prevenciju i lijecenje oralnoga mukozitisa prouzro¢enog kemoterapi-
jom i/ili radioterapijom. Materijali i metode: Takoder je proveden sustavni pregled s metaanalizom
27 ¢lanaka objavljenih izmedu 2019. i 2024. godine, sa svrhom karakterizacije i kontekstualizacije
terapijskih intervencija za oralni mukozitis. Rezultati i rasprava: Ovaj sustavni pregled i metaanaliza
sugeriraju da su razli¢ite nefarmakoloske intervencije (krioterapija i fotobiomodulacija) i farmakolos-
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ke intervencije, posebno prirodni agensi (med, kurkumin, zeleni ¢aj), ucinkovite u prevenciji i lijece-

nju oralnoga mukozitisa. Zaklju¢ak: Oralni mukozitis veoma je ¢esta nuspojava kod pacijenata koji
se podvrgavaju kemoterapiji i/ili radioterapiji, sa znacajnim funkcionalnim i nutritivnim implikacija-
ma i aspektima potpore lijecenja. Sustavni pregled s metaanalizom pokazao je ucinkovitost nefarma-

koloskih i prirodnih intervencija.
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