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Abstract: Oral mucositis (OM) is a common complication of radiotherapy and chemotherapy in cancer
patients. The severe pain and ulcer caused by OM not only significantly impair patients' quality of life but may also
lead to the interruption of antitumor therapy. Currently, topical drug administration remains the preferred strategy
for the prevention and treatment of OM. However, conventional dosage forms (e.g., mouthwash, gel) are susceptible
to salivary clearance, exhibiting pharmacokinetic limitations such as short mucosal retention time and rapid drug
clearance. In recent years, novel drug delivery systems, including nanocarrier, microneedle and hydrogel, have
demonstrated significant advantages in enhancing mucosal drug targeting and prolonging therapeutic duration due
to their excellent biocompatibility and controlled release properties. This review summarizes the recent research
progress of the above three drug delivery systems in the prevention and treatment of OM, discusses current
challenges faced by advanced delivery technologies, and outlines future research directions, aiming to provide
insights for the development of more effective therapeutic strategies for OM.
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Table 1

o: Tumor necrosis factor; IL-1/: Interleukin-1/; IL-6: Interleukin-6; COX-2: Cyclooxygenase-2

Characteristics of the five stage models of oral mucositis (OM). ROS: Reactive oxygen species; NF-xB: Nuclear factor «B; TNF-

Pathological Core driving event and molecular mechanism Cellular/histological change Clinical characteristic Treatment
stage strategy
Initiation Direct induction of ROS burst and DNA Apoptosis of basal epithelial Patients are usually Antioxidant
damage by radiotherapy/chemotherapy; cells asymptomatic
activation of pro-inflammatory pathways such
as NF-xB
Upregulation NF-xB activation drives the release of pro- Increased monocytes/ Increased sensitivity of Anti-
inflammatory factors (e.g., TNF-a, IL-15, IL-6, neutrophils; vasodilation and mucosa, possible prodromal inflammatory
COX-2), establishing a "ROS-inflammation" increased vascular permeability ~ symptoms such as burning
vicious cycle sensation and itching
Signal Positive feedback of primary inflammatory Aggravated inflammatory cell Mild erythema appears on the  Anti-
amplification  signals on susceptible cells, further amplifying  infiltration; appearance of mild mucosa, and the patient may  inflammatory;
the local inflammatory response red rash on the mucosa, with experience mild pain analgesia
integrity remaining intact
Ulceration Disruption of mucosal integrity and epithelial Massive infiltration of immune Ulcers appear on the mucosa,  Analgesia;
sloughing; direct stimulation of immune cells cells; formation of ulcerative and severe pain may affect mucosal
by oral flora, leading to increased secretion of  lesions on the mucosa the patient's eating and protection;
inflammatory factors and expanded tissue nutritional status antibacterial
damage; exposure of nerve endings in the
lamina propria
Healing Cessation of anticancer therapy; proliferation, ~ Migration of epithelial cells The ulcer gradually heals and  Promotion of

migration, and differentiation of epithelial
cells; extracellular matrix facilitates repair;
reconstruction of the local microbiota

from the ulcer margins towards
the center; gradual restoration of
mucosal continuity

the pain decreases

mucosal
repair
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Figure 1 Nano drug delivery carriers and their mechanism of action for treating OM. Cur: Curcumin; cur-BS: Curcumin-loaded bicosome
systems; LPS: Liposome; PLGA: Poly (lactic-co-glycolic acid); CS: Chitosan; PNPs: Polymeric nanoparticles; REB: Rebamipide; AuNPs:
Gold nanoparticles; KET: Ketoprofen; Glu: Glutamine
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Table 2

induced oral mucositis

Comparison of the characteristics of nano-drug delivery systems for the prevention and treatment of OM. RIOM: Radiation-

Nanocarrier . . S
Main material Advantage Limitation
type
Liposome Phospholipids, cholesterol ~ Co-delivery of hydrophilic and hydrophobic drugs; Potential drug leakage; poor long-term

good biocompatibility and biodegradability

Polymeric PLGA, chitosan, alginate,

nanoparticles gelatin surface modification
Gold Gold, surface-modified

nanoparticles molecules inflammatory properties

Nanoemulsion  Oil phase, aqueous phase,
gel surfactant, gel matrix
Nanofiber

structure capacity

Targeted delivery; inherent antibacterial and anti-

Combine high permeability with long-term retention;
high drug loading capacity, thermodynamically stable
Synthetic/natural polymers High surface area-to-volume ratio, high drug loading

storage stability

Stable structure, easy storage; controllable release; easy ~Synthetic polymers may have poor

biocompatibility; degradation products
might induce local immune reactions
High preparation cost; potential toxicity
upon long-term exposure or high-dose use
Complex formulation composition; the
precise release of drugs is difficult
Insufficient mechanical strength; high
preparation cost
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OM TA@MPDA-HA/BSP MN

Figure 2

4

Classification of microneedles and TA@MPDA-HA/BSP MN's preparation and application. TA: Triamcinolone acetonide;

MPDA: Mesoporous polydopamine nanoparticles; HA: Hyaluronic acid; BSP: Bletilla striata polysaccharide; MN: Microneedle
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Figure 3 Schematic illustration of hydrogel-based drug delivery systems for the prevention and treatment of oral mucositis. FOH: Fullere-

nols; G-PVA: Guanosine-polyvinyl alcohol; EGCG: Epigallocate-chin-3-gallate; LBP: Lycium barbarum polysaccharide-glycoprotein; ORI:

Oridonin; DNase-I: Deoxyribonuclease-I; NPs: Nanocrystals
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Table 3 Comparison of the characteristics of three novel drug delivery systems for the prevention and treatment of OM

Drug delivery Core advantage Major limitation Applicable drug type Current rescarch
system stage

Nanocarrier Improve the solubility of drugs; Susceptible to rapid Small molecule drugs; natural products Preclinical research
enhance mucosal permeability clearance by saliva (e.g., curcumin) (animal models)

Microneedle  Painless penetration of the mucosal Limited drug loading Macromolecular drugs (e.g., proteins, Preclinical research
barrier, enabling direct delivery to the capacity; insufficient antibodies) and highly potent small (animal models)
lesion site; avoids salivary washout mechanical strength molecules

Hydrogel Excellent bioadhesion, enabling Lower biocompatibility =~ Broadly applicable, particularly suitable ~ Preclinical research

prolonged local retention; provides a
physical barrier and a moist

environment strength

of synthetic materials;
insufficient mechanical

for drugs requiring sustained release (e.g., (animal models)
small molecules, proteins, cytokines)
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