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Abstract: Oral mucositis (OM) is a common, highly symptomatic complication of 
cancer therapy that affects patients’ function, quality of life, and ability to tolerate 
treatment. In certain patients with cancer, OM is associated with increased mortal-
ity. Research on the management of OM is ongoing. Oral mucosal toxicities are also 
reported in targeted and immune checkpoint inhibitor therapies. The objective of 
this article is to present current knowledge about the epidemiology, pathogenesis, 
assessment, risk prediction, and current and developing intervention strategies for 
OM and other ulcerative mucosal toxicities caused by both conventional and evolving 
forms of cancer therapy.

Keywords: cancer, immune checkpoint inhibitors, immunotherapy, oral mucositis, 
stomatitis, targeted therapy, toxicity, ulcer

Introduction
Oral mucosal injury has been one of the most consistent side effects of anticancer 
drug and head and neck (H&N) radiation regimens. Damage to the oral mucosa, 
termed oral mucositis (OM), results in lesions that are so painful as to be refractory 
to even aggressive analgesic management. In severe OM (SOM), the patient suffers 
from oral ulcers, causing extreme pain that prevents oral intake. Consequently, SOM 
interferes with patients’ ability to tolerate optimal treatment regimens, increases the 
risk of local and systemic infection, and adds significantly to health care resource use 
and cost. Furthermore, OM is associated with increased mortality in patients un-
dergoing hematopoietic cell transplantation (HCT) (also known as hematopoietic 
stem cell transplantation).1 Although OM traditionally is associated with cytotoxic 
forms of treatment, newer manifestations of the condition are seen with developing 
therapies, such as targeted and immunologically based agents.

Despite its clinically devastating consequences, there is little to offer patients in the 
way of effective treatment to prevent or mitigate mucositis, and oral and gastrointesti-
nal mucositis continues to present a significant challenge to patients undergoing cancer 
therapy. The few interventions that are supported by high-level evidence are not nec-
essarily applicable for all types of OM, and their effects on tissues are not completely 
clear, leading to arbitrary protocols with great variance between medical centers.

Much has been learned about the complexities of OM pathogenesis and, con-
sequently, potential targets for intervention have been identified. In addition, strat-
egies have been implemented that reduce the damaging impact of treatment on 
normal tissue. This is perhaps most obvious in the adaption of intensity-modulated 
radiation therapy for patients with H&N cancers and of chemotherapy dose de-
intensification for select patients.

The emergence of targeted and immune therapies has resulted in new oral mu-
cosal toxicities (OMTs) that are distinct from the conventional mucositis induced 
by cytotoxic regimens in terms of pathobiology, clinical presentation, and manage-
ment. Categories of targeted therapies commonly reported to be associated with 
OMTs include mammalian (mechanistic) target of rapamycin (mTOR) inhibitors 
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(mTORis), antiepidermal growth factor receptor (anti-
EGFR) monoclonal antibodies and inhibitors, vascular en-
dothelial growth factor (VEGF), VEGF receptor (VEGFR) 
inhibitors, and B-rapidly accelerated fibrosarcoma (BRAF) 
inhibitors. Immune checkpoint inhibitors (ICIs) have also 
been associated with oral mucosal immune-related adverse 
events (OM-irAEs).

This objective of this review was to present current 
knowledge of the clinical presentation, epidemiology, patho-
genesis, assessment, risk prediction, and current and develop-
ing intervention strategies for OM, OMTs and OM-irAEs.

Oral Mucositis Associated With Cytotoxic 
Regimens
Epidemiology
It is estimated that there will be approximately 1.9 million 
new cases of cancer diagnosed in the United States this 
year.2 Many patients will develop OM, with the highest pro-
portion in patients treated with radiation therapy (RT) to 
the H&N or myeloablative chemotherapy treatment.

OM incidence and severity are largely underreported and 
are typically based on the adverse event (AE) reporting data 
associated with cancer treatment interventional studies. A 
clearer picture of incidence and trajectory is evident in studies 
in which the toxicity (ie, mucositis) is specifically evaluated. 
Moreover, variations in the prevalence and severity of OM 
might be related to the expertise and vigilance of the eval-
uators.3 Accordingly, the data presented below indicate the 
estimated frequency of OM in various patient populations.

Hematopoietic cell transplantation
From a patient’s perspective, OM is the most severe toxicity 
reported by patients during HCT (42%).4 The prevalence 
and severity of OM depend on the type of transplant and 
conditioning regimen.

As demonstrated by OM rates among placebo-treated 
patients in clinical trials, aggressive conditioning regimens 
that include total body irradiation are associated with SOM 
frequencies as high as 98%.5 In a multicenter trial of patients 
with hemato-oncological diseases who were undergoing 
HCT (19 centers, 1841 patients), 71% of patients were di-
agnosed with OM, and 21.6% developed SOM.6 SOM was 
more prevalent in children (25.6%) and adults (24.4%) than 
in the elderly (9.2%). The risk of SOM was greater among 
adults, but not among children or the elderly, after condi-
tioning for allogeneic HCT recipients compared with autol-
ogous transplant recipients (39.7% and 16.4%, respectively; 
P < .001).

OM frequency among patients undergoing HCT with 
reduced-intensity conditioning regimens versus myeloabla-
tive regimens revealed that any OM was found in 73.2% of 
patients who received reduced-intensity regimens (395 pa-
tients, 8 eligible studies) compared with 86.5% of patients 

who received myeloablative regimens (245 patients, 6 stud-
ies; P < .0001).7 Mild OM was found in 22% to 45.5% and 
SOM was found in 5% to 53.8% of patients treated with 
reduced-intensity regimens. In contrast, mild OM was found 
in 15.9% to 56.7% and SOM was found in 19.4% to 83% 
of patients treated with myeloablative regimens.7 OM was 
more prevalent in patients who received methotrexate-based 
graft-versus-host disease (GvHD) prophylaxis in than those 
not treated with methotrexate (83.4% vs 55.4%; P <  .0001).7 
In patients who received tacrolimus/sirolimus-based GvHD 
prophylaxis, the incidence of OM was comparable to that 
in those who received cyclosporine/methotrexate-based 
GvHD prophylaxis.8

Head and neck radiation therapy
From 59.4% to 100% of patients with H&N cancer who 
were treated with RT or chemoradiotherapy (CRT) have 
OM, with SOM affecting approximately 65% of patients.9,10 
The incidence is influenced by tumor site, radiation field, 
radiation technique, and the use of concomitant chemother-
apy. In a meta-analysis of 12 prospective trials (1373 patients 
with H&N cancer) comparing the efficacy and toxicity of 
high-dose versus low-dose cisplatin-based CRT, the inci-
dence of SOM was 75% and 40%, respectively (P = .0202).11

Chemotherapy
OM incidence and severity vary widely, depending on the 
treatment regimen. In a meta-analysis assessing the in-
cidence of chemotherapy-associated OM using all-phase 
clinical trial data, the average incidence of OM among pa-
tients with breast cancer who were treated with docetaxel, 
doxorubicin, and cyclophosphamide (>1400 patients) was 
65%.12 Approximately 5% of patients experienced SOM. 
The average incidence of OM in patients with lung can-
cer who were treated with platinum/gemcitabine (>1500 
patients) was approximately 15% (1% SOM).12 The aver-
age incidence of OM among patients with colon cancer 
who were treated with 5-fluorouracil–based chemother-
apy (898 patients) was 14% for all grades (1.7% SOM).12 
However, among patients with colon cancer who were 
treated with the FOLFIRI protocol (Leucovorin Calcium 
[Folinic Acid], Fluorouracil, Irinotecan Hydrochloride), 
the incidence was higher (35% for all OM grades and 
up to 5% for SOM). Among patients with non-Hodgkin 
lymphoma (1444 patients), the estimated risk of OM was 
6.6%.12

In pediatric patients, the incidence of OM was reported 
in 63.57% of chemotherapy cycles among those who were 
treated for solid and hematologic cancers. The incidence was 
higher in protocols using high-dose methotrexate.13 The 
rate of SOM was 8.44% and was strongly associated with 
the protocols that used high-dose methotrexate (10.5%) 
or a combination of methotrexate and cyclophosphamide 
(>28.3%).
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Clinical Presentation and Outcomes
Acute oral mucositis
OM initially presents as erythema of the oral mucosa, 
progressing to atrophy and ulceration, often with pseu-
domembranous formations. The ulcers are characterized 
by irregular shape, and peripheral erythema (Fig. 1). The 
nonkeratinized mucosae of the buccal and labial mu-
cosa, lateral and ventral tongue, soft palate, and floor of 
the mouth are most frequently affected (Fig. 2). In RT-
induced OM, the areas affected correlate with the field of 
radiation (Fig. 3).

The clinical course of OM generally is predictable and 
is affected by the kinetics of anticancer treatment.14 Early 
clinical signs of chemotherapy-induced OM appear within 
approximately 3 to 4 days after infusion, with ulceration de-
veloping shortly thereafter. The intensity of OM peaks within 
approximately 2 weeks and generally heals spontaneously by 
21 days after infusion.15,16 The pace of OM development, the 
worst severity, and the time for healing depend on the tox-
icity of the chemotherapy protocol. Accordingly, myeloabla-
tive HCT is expected to have faster and worse OM progress 
compared with nonablative chemotherapy protocols.

The clinical course of RT-induced OM is more pro-
longed, correlating with the fractionated treatment sched-
ule. Clinical manifestations typically begin at cumulative 
radiation doses of approximately 15 to 20 grays (Gy) with 
standard fractionation, reaching full severity at 30 Gy, and 
lasting throughout the duration of RT. As radiation accu-
mulates, ulcers become more confluent and disruptive, with 
spontaneous healing typically occurring 2 to 4 weeks after 
the completion of therapy.15-17

The most common symptom of OM is significant 
pain of increasing intensity. In patients with H&N cancer, 
RT-induced OM was associated with clinically significant 
weight loss that required feeding tube insertion.9,18 In HCT 
recipients, OM was associated with the number of days with 
fever, days of injectable narcotic therapy, days of total par-
enteral nutrition, risk of significant infection, and mortal-
ity at 100 days post-HCT.1,19 Many patients reported OM 
as the most debilitating AE of cancer therapy.20 Critically, 
OM negatively impacts local tumor control and patient 
survival because its presence often necessitates cancer treat-
ment modifications, such as unplanned breaks or delays in 
treatment.21

Chronic oral mucositis
Chronic OM after H&N RT has been described, with 
atrophic, erythematous, and/or ulcerated lesions lasting 
>3 months after the completion of treatment (Fig. 4).22,23 
Other long-term oral mucosal changes in postradiation 
patients include erythema, atrophy, and telangiectasias.22 
Patients may also exhibit sensitivity or neuropathic pain, 
manifesting as a burning or scalding sensation in the oral 

mucosa. Occasionally, this may result in intolerance to 
acidic, spicy, or hot foods. Approximately 8% of patients 
treated with RT to the H&N will develop chronic OM and, 
in 3.8%, it will present as ulceration.23 It seems likely that 
the pathogenesis of chronic OM is different from what is 
described for the acute condition; and it is speculated that 
an immune-mediated response, shut-down of natural re-
generative mechanisms, and involvement of the microbiome 
are elements in chronic OM.

Differential diagnosis
The diagnosis of OM can be made based on history, con-
text of onset, and clinical findings, although other oral le-
sions can confound the diagnosis. The clinical course of 
OM may be complicated by secondary fungal (candidiasis) 
or viral (Herpes simplex virus [HSV]) infections, and these 
must be considered when lesions are unusual in appearance 
or last longer than expected. Ulcers induced by HSV reac-
tivation differ clinically from OM in that they are typically 
localized on the keratinized mucosa of the tongue dorsum, 
the gingivae, and the hard palate. Bacterial, non-HSV viral 
infections and deep fungal oral infections should be con-
sidered in myelosuppressed patients. They can be differen-
tiated from OM based on the clinical presentation, swab 
test, or, in the case of deep fungal infection, by a biopsy. 
Because patients with cancer are often treated with poly-
pharmacy, the differential diagnosis of oral ulceration may 
include drug eruption and erythema multiforme/Stevens–
Johnson syndrome.

Risk Factors
Risk factors can be classified as patient-related, tumor-
related, and treatment-related factors.

FIGURE 1.  Oral Mucositis. Extensive oral mucositis partly covered by a 
yellow fibrin pseudomembrane, affecting the lips and oral mucosae after 
radiotherapy for oral carcinoma.
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Patient-related factors
Sex has been reported to have an influence on mucositis 
risk because, in most studies, female sex is linked to in-
creased risk.24 However, this may be driven by dosimetric 
parameters (ie, calculating the risk per kilogram of body 
weight or per square meters of body surface area).24,25 

An individual’s low baseline performance status may be 
related to increased mucositis risk.25 There is inconsist-
ent evidence regarding the influence of age, smoking, oral 
hygiene, and body mass index on mucositis risk.24,26 The 
risk of mucositis may be influenced by genetic variants 
in drug-metabolizing pathways, immune signaling, and 

FIGURE 2. Chemotherapy-Induced Oral Mucositis. The ulcers are partly covered by a yellow fibrin pseudomembrane in a patient with colon cancer, affecting 
only nonkeratinized mucosae, ie, (A) labial mucosa, (B) buccal mucosa, and soft palate, but not affecting (A) the keratinized gingiva, (B) hard palate, or (C) 
dorsal tongue.

FIGURE 3.  Radiotherapy Induced Oral Mucositis. Oral mucositis affecting bilaterally (A,C) the posterior buccal mucosae and (B) the soft palate after 
radiotherapy for nasopharyngeal carcinoma. (D) Note that the extension of the oral ulceration is in accordance with the radiation exposure. (E) Percutaneous 
endoscopic gastrostomy was needed for feeding.
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cell injury-repair mechanisms, although the evidence is 
limited or conflicting (see Supporting Table 1). Systemic 
factors, such as comorbidities, medication use, and previ-
ous therapy, have been associated with increased risk (see 
Supporting Table 2). Numerous variables had conflicting 
evidence, such as neutropenia/leukopenia. Uncontrolled 
diabetes mellitus was suggested as a potential risk factor 
of persistent chronic OM related to RT.22

Tumor-related factors
Clinical features of the tumor, such as site and stage, may 
influence the risk of mucositis and severity.24 In patients 
with H&N cancer who are receiving RT, these characteris-
tics determine the radiation plan (field and dose) and thus 
influence the exposure of the mucosal tissues and the devel-
opment and severity of mucositis.

Treatment-related factors
An increased risk of mucositis has been reported with in-
creasing doses of radiation,27 myeloablative conditioning 
before HCT,28 and chemotherapy, such as methotrexate 
and melphalan.25 Altered, fractionated RT (eg, accelerated 
fractionation of 6 fractions per week or 2 daily fractions 
of 2 Gy each) may be associated with increases in mu-
cositis frequency and duration.29,30 Conversely, intensity-
modulated radiation therapy, which enables the design of 
radiation scattering, can allow a reduction in toxicity, for 
example, by planning a cumulative exposure <30 Gy, when 
possible.27

Risk factors in pediatric patients
Among children, low body weight, anxiety level, nausea/
vomiting, and previous OM are associated with an in-
creased risk of developing OM.31 An association was re-
ported between OM and leukopenia and neutropenia, as 
well as between OM and lymphopenia in patients with solid 

tumors.31,32 There is conflicting evidence regarding the as-
sociation between platelet level and OM.31,32 Like in adult 
patients, genetic variants may determine mucositis risk (see 
Supporting Table 1).31,33 Reported microbial risk factors 
include HSV type 1, oral Candida species, and unspecified 
bacterial infections.32,34

Hematologic malignancies like lymphoma and germinal 
tumors like neuroblastoma, nephroblastoma, and retinoblas-
toma reportedly increased the risk of mucositis induced by 
chemotherapy.34,35 Protocols using high-dose methotrexate, 
daunorubicin, doxorubicin, vincristine, etoposide, busulfan, 
and cytarabine were presented as potential risk factors for 
OM in pediatric cancer patients.13,31

Pathobiology
Historically, mucositis pathogenesis was described using 
a simplistic approach, which ascribed normal tissue injury 
of mucosa as the sole consequence of the indiscriminate 
effects of radiation or chemotherapy on the rapidly di-
viding normal cells of replenishing tissues like the gas-
trointestinal mucosa. This idea was overturned by the 
results of many studies indicating that direct cell injury 
(direct DNA double strand breaks [DSBs]) could only 
account for approximately one-third of the observed in-
jury. Consequently, the complexity of the pathogenesis 
of chemotherapy-associated or RT-associated normal 
tissue injury was realized and summarized in a model 
that broadly compartmentalizes the biological sequence 
into 5 broad stages. Although such a model is conveni-
ent, it minimizes the intricacies of each stage and does 
not adequately relate the biological or clinical dynamics 
of mucositis development, especially for cases in which 
the tissue is repeatedly challenged, as with fractionated 
radiation. Nonetheless, the model does provide a snap-
shot summary of the molecular and cellular events and 
pathways that terminate in mucositis development. The 5 
stages are (Fig. 5): initiation, up-regulation and activation 
(primary damage response), signal amplif ication, ulcera-
tion, and healing.36 This offers a convenient summary of 
the complex, nonlinear progression of injury as the vari-
ous stages and associated biological processes interrelate 
and overlap.

The molecular events that characterize the initiation 
phase happen almost immediately after patients receive che-
motherapy or RT. Although there is biological havoc within 
the tissue, clinically, the mucosa seems unaffected. This find-
ing speaks to the need to initiate steps to attenuate the risk 
of mucositis before and at the time of treatment.

The initiation stage occurs throughout the cellular and tis-
sue compartments of the mucosa and submucosa. This stage 
is characterized by direct damage to DNA, oxidative stress 
responses mediated by reactive oxygen species (ROS), and ac-
tivation of the innate immune response:37,38 Both direct and 

FIGURE 4.  Chronic Persistent Oral Mucositis. Ulceration and atrophy on 
the tongue of a patient aged 88 years >5 months after the last dose of 
radiotherapy for oral squamous cell carcinoma.
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indirect damage to cellular DNA precipitates DSBs, leading 
to apoptotic and necrotic tissue changes. These degeneration 
products (damage-associated molecular pattern molecules 
[DAMPs]), such as alarmins, bind to pattern-recognition 
receptors, such as Toll-like receptors (TLRs) (ie, TLR-4), 
to escalate injury by activating the innate immune response. 
Simultaneously, water in cells undergoes hydrolysis to gener-
ate damaging superoxides and hydrogen peroxide. In the early 
stages of cellular stress, internal defense  mechanisms, such as 
the deoxidizing enzymes superoxide dismutases, are ramped 
up. This happens either through activation of transcription 
factors, such as nuclear factor κ-B (NF-κB) and nuclear fac-
tor erythroid 2-related factor 2 (Nrf2), or through intracellu-
lar superoxide. However, these are quickly overwhelmed by 
the aggressiveness of the regimen-related challenge.

During the second stage, ROS and the innate immune re-
sponse further activate several transcriptional factors, including 
NF-κB, Wnt, p53, and their associated canonical pathways. 
The NF-κB pathway is one of the most studied. Once acti-
vated, NF-κB–mediated gene expression results in increased 
production of proinflammatory cytokines (such as tumor ne-
crosis factor α [TNF-α] and interleukin [IL]-1β, IL-4, IL-6, 
and IL-18) and cytokine modulators, stress responders (such 
as cyclooxygenase 2 [COX-2]), and cell adhesion molecules, 
which, in turn, can lead to cell apoptosis. The TLR signal-
ing pathway and various kinase pathways (such as mitogen-
activated protein kinase [MAPK]) are playing a role in this 
process. Cross-talk between all of the active elements is robust.

Other identified pathways that may lead to apoptosis 
include the ceramide pathway, which affects the cell mem-
brane. DNA DSBs can directly activate ceramide synthase, 
with the consequent generation of ceramide. In addition, 
ROS lead to lipid peroxidation, sphingomyelinase activation, 
and the hydrolysis of membrane sphingomyelin to yield cer-
amide. Although ceramide is considered a proapoptotic mol-
ecule, its accumulation is a signal for increased membrane 
permeability and ultimately break of the epithelial cells.

During the signal-amplification phase, the molecules in-
duced by this primary response further alter local tissue re-
sponse by amplifying NF-κB and other pathways through 
feedback mechanisms. For example, released TNF-α sus-
tains NF-κB activity and, at the same time, initiates the ac-
tivation of MAPK signaling. The early breakdown of cells 
spills additional DAMPs into the tissue, which, in turn, in-
creases NF-κB. The DAMPs also drive the innate immune 
response. Furthermore, while the intercellular bridges break, 
the epithelial cells start to spread apart, and the bacteria 
penetrate from the oral cavity into the tissue. The immune 
system fights these bacteria and, in turn, generates pathogen-
associated molecular pattern (PAMPs) molecules, which in-
duce additional NF-κB activity. The end result is a vicious 
cycle that amplifies the damage. Furthermore, while the RT 
or chemotherapy continues, the influx of ROS endures and 

constantly feeds the development of proinflammatory cy-
tokines. Simultaneously, cytotoxic therapy-induced mucosal 
damage occurs through connective tissue fibrinolysis and the 
stimulation of tissue-damaging matrix metalloproteinases, 
which damage the extracellular matrix. On the epithelial sur-
face, the oral flora undergoes a shift toward more pathogenic 
bacteria.

Cumulatively, these early biological events lead to pro-
gressive tissue injury and loss of epithelium continuity, which 
manifest clinically as ulceration and atrophic changes. The 
ulcerative stage is the most clinically significant because pa-
tients develop symptomatic, deep ulcers that are susceptible 
to infection. Oral bacteria colonizing the ulcers play a role 
in extending mucosal damage and increasing its severity by 
direct stimulation of infiltrating macrophages, neutrophils, 
and lymphocytes to secrete additional proinflammatory 
cytokines.39 This harmful process continuously increases, 
leading to a storm of ROS, PAMPs, DAMPs, and proin-
flammatory cytokines.

Finally, at the end of the RT or chemotherapy, spon-
taneous healing of the ulcers occurs. Once the trigger for 
this process is held, the redox equilibrium starts the shift 
back, and the process gradually becomes self-contained. 
Stimulated by signaling molecules from the extracellular 
matrix, epithelial migration, proliferation, and differenti-
ation occur, and local microbial flora is reestablished. This 
final stage leads to renewal of the mucosa, restoring its con-
tinuity; however, the genetics of the new epithelium differ 
from the original epithelium. This may result in a lower 
threshold for subsequent cycles of RT or chemotherapy.

Outcome Assessment Measures
Clinician-reported outcome measures
Several instruments are available to record the severity of OM 
and provide guidance for supportive care interventions or 
cancer treatment modifications.40 The frequently used scales 
are detailed in Table 1. The World Health Organization 
(WHO) scale is routinely used in clinical practice and clini-
cal trials. This simple, 5-point scale combines both subjec-
tive and objective measures of OM.41 The National Cancer 
Institute’s Common Terminology Criteria for Adverse 
Events (NCI-CTCAE), version 5.0, is often used in clini-
cal trials to document AEs of antineoplastic therapies.42 
Focusing on functionality to assess OM severity, this 5-point 
scale documents pain severity and the patient’s ability to eat. 
The Radiation Therapy Oncology Group’s 4-point scale is 
used to record the severity of RT-induced OM.43

Clinical research scales are quantitative in nature and assess 
objective variables. The Oral Mucositis Assessment Scale, for 
example, permits a subanalysis of mucosal damage across an-
atomic sites, measuring erythema and ulceration. This scale 
has been validated in both adult and pediatric populations 
and was correlated closely with patient symptoms.44,45
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Patient-reported outcome measures
Patient-reported outcome data are important contributors to 
the overall assessment of OM severity. The 0 to 10 Numeric 
Rating Scale is a unidimensional measure widely used because 
of its ease of administration.46,47 Patients rate the severity of 
oral pain on an 11-point horizontal bar, with 0 indicating 
no pain at all and 10 indicating the worst pain possible. The 
Oral Mucositis Daily Questionnaire, as well as its weekly 
version (the Oral Mucositis Weekly Questionnaire), measure 
the symptoms of OM, including mouth and throat soreness, 
and their impact on patient well-being and function.48,49

The Functional Assessment of Cancer Therapy-Head 
and Neck (FACT-HN) scale includes the FACT-General, 
a multidimensional quality-of-life (QoL) instrument spe-
cifically designed for use in patients with cancer, and an 
H&N cancer-specific subscale.50 The FACT-HN is used to 
evaluate the impact of OM on the QoL of patients with 
H&N cancer across the physical, functional, emotional, and 
social domains. Similar to the FACT system, the European 
Organization for Research and Treatment of Cancer Quality 
of Life Questionnaire (EORTC QLQ) is designed to as-
sess the QoL of patients with cancer and is supplemented 
by disease-specific modules. In its most recent version, the 
EORTC QLQ-HN43 module captures side effects and 
QoL effects of all H&N cancer treatment modalities across 
19 different scales.51 As one of the standard instruments for 
measuring QoL in patients with H&N cancer, the EORTC 
QLQ-HN43 has been internationally validated and is avail-
able in 17 language versions.

Measurement of oral mucositis in children
Documenting OM severity in children can be challeng-
ing. Depending on age, patients’ ability to comprehend in-
structions, tolerate oral cavity examination, and express the 
symptoms may require reliance on parent-proxy reports.52 
Few of the most common adult-validated OM scales (ie, the 
Oral Mucositis Assessment Scale and the Oral Mucositis 

Daily Questionnaire) have been evaluated in children.44,53 
The Children’s International Mucositis Evaluation Scale, a 
pediatric-specific measure of OM, has been validated for use 
in children and adolescents aged 8 years or older who are 
undergoing HCT (Fig. 6).54

Management of Oral Mucositis
In general, oral care for patients with cancer includes sev-
eral principles: prevent infection, control pain, maintain oral 
function, improve QoL, and manage concomitant oral com-
plications.55 These principles are not limited to OM but, 
rather, address all types of oral complications. The section 
below details the aspects related specifically to OM.

Measures that are specific for OM management include 
either prevention or symptom management. Currently, there 
is no intervention for therapeutic intention. The main factor 
in OM prevention is tissue sparing by RT treatment plan-
ning and the use of RT techniques that are able to spare the 
noninvolved oral mucosal surface. Additional measures are 
addressed in the evidence-based guidelines developed by the 
Mucositis Study Group of the Multinational Association of 
Supportive Care in Cancer and the International Society of 
Oral Oncology (Table 253,56-63).64 The guideline categories 
include a recommendation, a suggestion, or no guideline possi-
ble. A recommendation was reserved for interventions with 
the strongest evidence, supported by multiple randomized 
controlled trials, at least one of them with no major flaws. A 
suggestion was assigned to interventions that had consistent 
results in multiple randomized controlled trials. Accordingly, 
many of the reported interventions in the literature did 
not reach a recommendation or suggestion guideline level. 
Assessments of the evidence for these interventions are 
available in the full set of guidelines articles.56-66

Table 2 lists the recommended or suggested interven-
tions that are specific to particular populations of patients 
with cancer. Cryotherapy is recommended concomitantly 

TABLE 1.  Clinical Oral Mucositis Assessment Scales

SCALE GRADE 0 GRADE 1 (MILD) GRADE 2 (MODERATE) GRADE 3 (SEVERE) GRADE 4 (LIFE-THREATENING) GRADE 5 (DEATH)

WHO No findings Oral erythema and 
soreness; no ulcers

Oral erythema, ulcers; 
solid diet tolerated

Oral ulcers; 
liquid diet only

Oral alimentation impossible NA

NCI-CTCAE None Asymptomatic or mild 
symptoms; interven-
tion not indicated

Moderate pain or ulcer 
that does not interfere 
with oral intake; modi-
fied diet indicated

Severe pain, in-
terfering with 
oral intake

Life-threatening consequences; 
urgent intervention indicated

Death

RTOG No change 
over baseline

Irritation; may experi-
ence mild pain, not 
requiring analgesic

Patchy mucositis that 
may produce an inflam-
matory, serosanguinous 
discharge; may experi-
ence moderate pain 
requiring analgesia

Confluent, 
fibrinous 
mucositis; may 
include severe 
pain requiring 
narcotic

Ulceration, hemorrhage, or 
necrosis

NA

Abbreviations: NA, not applicable; NCI-CTCAE, National Cancer Institute-Common Terminology Criteria for Adverse Events; RTOG, Radiation Therapy Oncology Group; 
WHO, World Health Organization.
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with the bolus injection of high-dose melphalan in patients 
undergoing autologous HCT.57 Several cryotherapy proto-
cols are described in the literature, with different amounts of 

time that the ice water needs to be held in the mouth, and all 
were reported to be effective57; however, longer durations may 
be more difficult for patients. Photobiomodulation (PBM) 

FIGURE 6. The Children’s International Mucositis Evaluation Scale (ChIMES). Source: Jacobs S, Baggott C, Agarwal R, et al. Validation of the Children’s 
International Mucositis Evaluation Scale (ChIMES) in paediatric cancer and SCT. Br J Cancer. 2013;109:2515-2522.54
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therapy is beneficial for preventing OM using the application 
of certain PBM protocols.58 On the basis of the current lit-
erature, benzydamine 0.15% mouthwash effectively prevents 
OM in patients who receive up to 50 Gy RT or CRT. For 
example, it may be beneficial for patients undergoing palliative 
RT or RT to the H&N for lymphoma.59 Keratinocyte growth 
factor-1 is delivered by intravenous injections at a dose of  
60 mcg/kg once daily for 3 days before and after myelotoxic 
HCT.60 There is evidence that 10 grams of oral glutamine 
taken from once to 3 times daily throughout a 6-week, con-
comitant CRT course reduces OM severity and its associated 
pain in patients with H&N cancer.61 Combined topical and 
systemic administration of a variety of honey products has con-
sistently demonstrated efficacy.62 Patient-controlled analgesia 
includes an intravenous morphine infusion with a patient-
controlled pump.63 A topical 0.2% morphine rinse has been 
suggested for managing pain related to RT-associated OM.63

Although the guidelines are evidence-based, they may not 
be applicable globally. For example, benzydamine is available 
over the counter in some European countries but is unavailable 
in the United States. In addition, PBM therapy includes many 
types of laser devices and protocols, and each type is registered 
only in certain countries, limiting access to this treatment 
modality. Extensive collaboration is needed to translate the 
protocols used successfully on one device to other devices.58 
Therefore, the guidelines should be adjusted according to the 
practical considerations of the clinic and patient’s preference.

Optimal nutritional support must be maintained through-
out the duration of cancer therapy to mitigate the risk of 
OM-associated nutritional deterioration and subsequent in-
terruption of anticancer therapy. Potential sources of irritation, 
such as spicy, acidic, or rough (crunchy) foods, may exacerbate 
the discomfort of OM and should be avoided. The use of liq-
uid dietary supplements should be considered when dietary 
measures are insufficient. In severe cases, gastrostomy feeding 
or total parenteral nutrition may be warranted (Fig. 3E).

Although several interventions for the prevention or 
treatment of OM have been trialed in pediatric populations, 
no specific guidelines currently exist for children undergoing 
cancer therapy because of insufficient and/or conflicting ev-
idence.67 Although the suggestion to implement basic oral 
care protocols encompasses all cancer treatment modalities 
and age groups, including pediatric patients, other interven-
tional protocols in this patient population are extrapolated 
from the currently available evidence for adult patients with 
cancer. Adaptations are advised to increase patients’ accep-
tance and tolerability toward the intervention. For example, 
the application of oral cryotherapy using flavored popsicles 
instead of ice or ice water in younger patients may increase 
compliance.68

Targeted Anticancer Therapy-Associated Oral 
Mucosal Toxicity
Epidemiology
mTORis, such as everolimus, sirolimus, temsirolimus, and 
ridaforolimus, are strongly associated with the development 
of aphthous-like ulcers. In a meta-analysis of 1455 patients 
with solid tumors who received everolimus, 973 (67%) had 
stomatitis, and 9% had grade 3 or 4 stomatitis.69 In a review 
of 44 studies that included 2822 patients who had lung can-
cer and were treated with mTORis, OMT was identified as 
the most frequent AE (73.4%).70 Severe OMT was reported 
in 30.9% of all patients with OM (grade 3, 20.7%; grade 4, 
10.2%), and it was responsible for dose reductions in 27.3% 
of patients and even for drug discontinuations in 13.1%.

Regimens that include chemotherapy and anti-EGFR 
monoclonal antibodies, such as cetuximab and panitumumab, 
may result in an increased risk for the development of OMT. 
Severe OMT was reported in 8% of patients with colorectal 
cancer who received chemotherapy and anti-EGFR mono-
clonal antibodies regimens compared with 2% in patients 
who received chemotherapy alone, with a relative risk (RR) 
of 3.44 (95% CI, 2.66-4.44; P < .00001).71 Likewise, all-
grade OMT was noted to occur in 2% to 50% of patients who 
received lapatinib, an HER2 inhibitor, with an RR of 1.67 
(95% CI, 1.02-2.3; P < .04).72 The small-molecule EGFR 
inhibitors that have been reported in association with muco-
sitis are erlotinib, afatinib, and gefitinib.73

Oral mucosal lesions have also been reported in patients 
treated with VEGFR inhibitors (eg, sorafenib, sunitinib, pa-
zopanib, and cabozantinib). Sorafenib-induced OMT has 
a reported incidence of 5% to 33% in patients with solid 
tumors, with an all-grade RR of 2.9 (95% CI, 2.26-3.73;  
P <  .00001).74 Likewise, sunitinib-induced OMT has a 
similar incidence of 5% to 32% in patients with solid tu-
mors, with an RR for all-grade stomatitis of 1.88 (95% CI, 
1.36-2.59; P = .0001).75

Clinical Presentation
Unlike the predictable course of conventional mucositis, 
mucosal injury associated with targeted therapies is variable. 
Importantly, OMTs associated with targeted therapies are phe-
notypically distinct from the OM seen with cytotoxic drugs. 
mTORi-OMT (also known as mTORi-associated stomatitis) 
is characterized by aphthous-like lesions that present as dis-
crete, well demarcated, ovoid, superficial ulcers and typically 
measure <0.5 cm in diameter.76,77 Lesions are surrounded by 
an erythematous halo and are localized to the nonkeratinized 
mucosa (Fig. 7). Ulcers >0.5 cm occur less frequently and re-
sult in severe pain. Unlike conventional mucositis, mTORi-
OMT is often associated with nonspecific rash. With a more 
rapid course than conventional mucositis, ulcers develop 
acutely several days after the start of an mTORi (median time 
to onset, 10 days) and resolve within a week. In approximately 
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27% of patients who develop mTORi-OMT, an mTORi dose 
reduction is needed to continue with the treatment.70

Monotherapy with EGFR inhibitors or anti-EGFRs 
causes relatively few and mild mucosal lesions. These range 
in presentation from moderate erythema to limited, su-
perficial ulcers involving the nonkeratinized mucosa.77 
However, because EGFR inhibitors are typically used in 
combination with cytotoxic therapies, their addition leads 
to an increase in mucositis incidence and severity, present-
ing with both superficial and deeper ulcers. Interestingly, 
the toxicities of ibrutinib, a Bruton’s tyrosine kinase inhibi-
tor, overlap with the toxicity profile associated with EGFR 
inhibitors.78

The main oral AEs reported in association with VEGF 
inhibition include nonspecific OMT, dysgeusia, and xero-
stomia, occurring either alone or concurrently.79 In some 
cases, the reported OMT may present with erythema or 
discrete ulcers of the nonkeratinized mucosa. However, the 
typical manifestation is more of a diffuse oral mucosal sen-
sitivity or dysesthesia, with otherwise normal-appearing mu-
cosa. Symptoms develop in the first weeks of treatment.79,80 
Overall, the occurrence of oral AEs appears to be associated 

with an increased risk of developing hand-foot skin reac-
tion.79,81 Indirectly, hyposalivation may render the oral mu-
cosa sensitive to repeated friction from normal function.79,82 
Therefore, the xerostomia reported in association with VEGF 
inhibition may contribute to the mucosal toxicity. In addition, 
sunitinib was reportedly associated with additional types of 
oral mucosal changes: cheilitis and lichenoid reaction.80,83

Pathobiology
The pathobiology for oral mucosal lesions caused by tar-
geted cancer therapies has only been preliminarily investi-
gated. Targeted agents are mechanistically distinct and are 
designed to interfere with key pathways in tumor growth or 
development that apparently affect normal tissue. The main 
pathways of the agents that are associated with oral mucosal 
ulcerative lesions are EGFR, mTOR, VEGF, VEGFR, and 
BRAF. Although not well elucidated, the mucosal toxicities 
they ensue result from the very same mechanisms of action. 
The synergistic use of targeted agents with conventional cy-
totoxic therapy or with each other, however, renders the de-
tection of the driver of mucosal damage difficult. Moreover, 
the concurrent administration of therapies may result in 

FIGURE 7. Aphthous-Like Ulcers (arrows) in a Patient Treated With Targeted Therapy. (A-D) Intraoral pictures of the patient at different points.
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more mucosal damage than that seen with either therapy 
individually, further complicating matters.

Outcome Assessment Measures
Currently, validated, targeted, therapy-specific grading 
scales are scarce. OMTs associated with targeted therapies 
are assessed using the scales developed for conventional 
OM, particularly the NCI-CTCAE and WHO scales (see 
Outcome Assessment Measures, above). Because these 
scales are not specifically designed to grade OMTs caused 
by targeted cancer therapies, morbidity may be underesti-
mated. The use of patient-reported outcome measures is 
further indicated, particularly in the context of oral AEs 
with lack of clinical signs, such as the oral mucosal sensi-
tivity (dysesthesia) observed with VEGF/VEGFR inhibi-
tion. A 4-point scale (grades 0-3) has been suggested to 
assess mTORi-OMT severity.80

The Multinational Association of Supportive Care in 
Cancer EGFR Inhibitor Skin Toxicity Tool (MESTT) has 
been proposed for the assessment of mucocutaneous AEs 
caused by EGFR inhibitors.84 Reported as oral mucositis, 
OMT is classified according to its clinical presentation, the 
patient’s level of pain, and their ability to eat and drink. This 
4-point scale ranges from grade 1 (mild erythema or edema, 
asymptomatic) to grade 4 (erythema and ulceration, cannot 
tolerate oral intake; requires tube feeding or hospitalization). 
With increased focus on health-related QoL, the MESTT 
also introduces hyposalivation and taste scales.

Management
The management of targeted therapy-induced OMT gener-
ally is focused on symptom management. Current interven-
tions are based mainly on expert opinion and include basic 
oral care measures and strategies that follow therapy for 
other mucosal inflammatory conditions.85

In the absence of confirmatory trial data, the European 
Society of Medical Oncology published expert opinion 
recommendations for targeted therapy-associated stoma-
titis with a focus on mTORi-OMT.86 Aside from basic 
oral care and oral hygiene recommendations, the use of 
high-potency steroids (topical, intralesional, or systemic) 
was recommended as first-line therapy for established 
mTORi-OMT based on the clinical resemblance of 
mTORi-associated stomatitis to aphthous somatitis.77,85 
A list of topical steroidal treatments is proposed based on 
evidence in other oral mucosal diseases and the experience 
of the authors (Table 3).87 Some of the formulations in 
this list are not available commercially and may need to be 
compounded. No comparative studies are available to sup-
port its benefit for targeted therapy-related OMT. There 
appears to be potential benefit from the use of a daily 
dexamethasone 0.5 mg/5 mL oral solution in mitigat-
ing the development of mTORi-OMT.88,89 Intralesional 

injections of triamcinolone acetonide (up to 40 mg/mL 
infiltrated in a few points around the perimeter of the le-
sion) may be beneficial for resistant or highly symptomatic 
OMT and can be administered as a single dose or in cycles 
of injections 2 to 3 weeks apart.90

Immune Checkpoint Inhibitor-Associated Oral 
Mucosal Toxicity
Epidemiology
OM-irAEs are relatively rare among patients treated with 
ICIs. In a meta-analysis of 18 RCTs (n = 11,465 patients), 
2.7% of patients experienced stomatitis, and 0.2% had severe 
OM-irAEs.91 In a retrospective study of 4683 ICI-treated 
patients, 252 (5.4%) demonstrated mucosal lesions.92 Of 
8637 patients from a national insurance claims database, 
OM-irAEs were reported in 1.5% of patients treated with 
ICIs.93

Clinical Presentation
Reports on OM-irAEs are limited and are predominantly 
associated with antiprogrammed cell death protein-1/pro-
grammed cell death ligand 1 (anti–PD-1/PD-L1) agents 
(Fig. 8). The mean onset of oral irAEs is 3 months from the 
initiation of treatment, and most AEs occur within the first 
12 months.92,94,95 However, late onset has been reported, 
with toxicity developing more than a year after therapy. 
Mucosal lesions include those typically associated with cell-
mediated immune dysfunction, described as lichenoid, as well 
as vesiculobullous lesions, which are antibody-mediated. 
Oral lichenoid reactions represent the most frequent OM-
irAEs observed, presenting with symmetric, white reticula-
tions and, to a lesser extent, with erythema and/or ulcers. 
Histopathology is consistent with lichenoid mucositis.94,95 
These oral lichenoid reactions are usually asymptomatic 
and occur in an isolated manner, although they can be ac-
companied by skin, nail, or genital involvement.95 Other 
reported inflammatory/antibody-mediated mucosal mani-
festations include erythema multiforme-like inflamma-
tion, pemphigoid, and Steven–Johnson syndrome.92,94,96-100 
Immune-mediated sialadenitis presenting with oral sicca is 
the second most common oral irAE reported in association 
with ICIs.101-103 Dry mouth can be very severe, causing mu-
cosal friction.102

Pathobiology
Although the pathogenesis of oral mucosal lesions second-
ary to ICIs has not been studied in depth, based on their 
lichenoid-like presentation, it seems probable that the in-
filtration of normal tissues with activated T cells catalyzes a 
local cell-mediated immune response.104,105

Currently approved checkpoint inhibitors target the 
molecules cytotoxic T-lymphocyte–associated protein 4 
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(CTLA4), PD-1, and PD-L1. Anti–CTLA-4 and anti–
PD-1/PD-L1 agents share a similar, broad spectrum of toxic-
ities. However, treatment with ipilimumab, an anti–CTLA-4 
agent, is associated with greater frequency and severity of 
irAEs compared with anti–PD-1/PD-L1 agents.105-107

Outcome Assessment Measures
Assessed using the NCI-CTCAE scale (see Outcome 
Assessment Measures, above), the spectrum of irAEs in ran-
domized trials is generally low-grade and well tolerated, espe-
cially with single-agent immune checkpoint inhibition.108-110 
A grading system for irAEs was proposed recently.111 Of note, 
the NCI-CTCAE scale and the recently proposed scale only 
address erythema and ulceration and do not address the typical 
lichenoid presentation. Therefore, the NCI-CTCAE scale may 
not accurately reflect the extent and severity of OM-irAEs.

Management
Because current experience with OM-irAEs is limited, 
management recommendations are based on expert opin-
ion and follow regimens for other immune mucosal condi-
tions.77,107,112 The unpredictable onset of irAEs highlights 
the importance of oral examinations with long-term mon-
itoring, even after termination of treatment. For new oral 

ulcerative irAEs, a workup according to the differential di-
agnosis should be performed. Occasionally, tests, such as a 
biopsy to assess for vesiculobullous diseases, a swab to assess 
for viral or bacterial infection, or a blood test to rule out leu-
kopenia or neutropenia, may be needed.

The main treatment goal is to reduce the oral lesions-
related symptoms. For this goal, OM-irAEs may respond 
well to topical corticosteroid therapy. However, depending 
on the severity, systemic corticosteroids and discontinuation 
of immunotherapy may be required.77,94 However, the use of 
systemic corticosteroids for irAEs may blunt the therapeu-
tic response to an ICI, ie, reduce its effectiveness. Therefore, 
topical treatment is considered ideal for oral irAEs. Although 
the evidence in oral irAEs is very limited, selection of the 
type and preparation of the topical steroid are based on ev-
idence in other oral inflammatory mucosal conditions. The 
commonly used topical steroids include dexamethasone, 
clobetasol, betamethasone, fluocinonide, and triamcino-
lone (Table 3).87,111 Gel preparations are applied directly 
to the affected buccal, labial, and tongue mucosa, whereas 
steroid solutions are used as swish-and-spit preparations. 
Intralesional injections of triamcinolone acetonide also may 
be helpful for resistant oral irAEs.

Mucositis Interventions Under Development
OM remains a significant unmet clinical need. Fortunately, 
as understanding of mucositis’ pathobiology has evolved, 
so has the identity of potential druggable targets to impair 
its development.113 Simultaneously, data have emerged 
confirming that differences in tumor and normal cell be-
havior provided a window previously not appreciated in 
which normal cells could be protected independent of 
tumor cell susceptibility to cancer treatment. Thus a surge 
of pharmaceutical industry interest has spurred the devel-
opment of small molecules for mucositis interventions. 
Aside from the unmet clinical need, this interest has been 
catalyzed by the expanding mucositis market and, given 
the pathobiological commonalities of regimen-related 
toxicities, a successful mucositis intervention is likely to 
open a series of halo indications, including chemotherapy-
associated or radiation-associated injury to the rest of the 
gastrointestinal tract, especially the esophagus and rectum, 
and to the skin and lung. Of the compounds currently in 
middle-stage to late-stage clinical development, oxidative 
stress, the innate immune response, the inflammatory re-
sponse, and wound healing have been the primary mecha-
nistic targets.

The majority of interventional, pharma-sponsored trials 
are focused on mucositis associated with concomitant CRT 
regimens for selected H&N cancers. To assure equivalent 
OM risk across patients, trials typically mandate the tissues 
to be included in radiation fields, the radiation fraction size 

FIGURE 8.  Oral Mucosal Immune-Related Adverse Event. Ulcerative 
mucositis in a patient aged 15 years treated with pembrolizumab for 
anaplastic astrocytoma.
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(usually 2 Gy daily), and an independent radiation therapy 
quality review. For studies in which mitigation of OM is 
the primary efficacy end point, WHO criteria for mucosi-
tis severity have been the gold standard. An advantage of 
the CRT H&N cancer study population is the requirement 
for daily (during the week) presence in the clinic to receive 
radiation, which facilitates in-person interaction with study 
staff and enhances diary compliance and oral hygiene in-
struction and reinforcement. Clinical assessments are gen-
erally performed twice weekly. In all cases, assuring that 
the clinical assessors have been thoroughly trained and are 
validated has increased the consistency of assessments and 
interobserver concordance. The choice of CRT-associated 
mucositis as a primary outcome is likely associated with the 
overall frequency of severe mucositis (range, 60%-70%) in 
these patients, the increasing number of patients with H&N 
cancer (>600,000 new cases annually worldwide), the ex-
tended mucositis at-risk period because of typical 7-week 
fractionated radiation dosing regimens, and the extent of the 
health and economic incremental costs attributable to OM.

As noted above, oxidative stress is a major component in 
the initiation and prolongation of regimen-related mucositis. 
The therapeutic potential of small-molecule supplementation 
of naturally occurring antioxidant enzymes to effectively mit-
igate radiation injury is currently under clinical development. 
Avasopasem manganese (GC4419) is a superoxide dismutase 
mimetic being developed by Galera Therapeutics for OM in 
patients receiving concomitant CRT for cancers of the mouth 
and oropharynx. The results of a phase 2 trial (ClinicalTrials.
gov identifier NCT02508389),10 in which patients received 
study drug by intravenous infusion immediately before each 
radiation dose, demonstrated significant reductions in both 
the incidence (65% vs 43% for placebo vs 90 mg of GC4419; 
P < .009) and duration (19 vs 1.5 days for placebo vs 90 mg 
of GC4419; P < .024) of SOM in patients receiving 90 mg 
GC4419 compared with individuals in the placebo cohort. 
There were no significant AEs associated with the study 
drug. A phase 3 trial of 450 patients (2:1 randomization 
scheme active vs placebo) undergoing concomitant CRT for 
oral and oropharyngeal cancer (ClinicalTrials.gov identifier 
NCT03689712) is planned to be completed by late 2021.

A different approach to reducing oxidative stress targets 
the Nrf2 transcription factor, which, when activated, stimu-
lates antioxidant enzymes such as glutathione-S-transferase 
and thioreductase 1,114 and thereby reduces the effects 
of radiation-induced oxidative stress. Both Supportive 
Therapeutics (ST-617) and Prothex (Rx001) have used this 
approach as a prophylactic intervention for patients being 
treated with CRT for cancers of the H&N. ST-617 is de-
livered in a daily swish-and-swallow formulation, beginning 
before CRT and continuing throughout the radiation pe-
riod. In contrast, Rx001 is given by infusion after mixing 

the drug with the patient’s red blood cells (ClinicalTrials.
gov identifier NCT03515538). Results of both formulations 
appear promising, in that both favorably affected the severity 
and course of SOM.113

MitoImmune is about to initiate a small phase 2 dose-
ranging trial of their agent MIT-101 (ClinicalTrials.gov 
identifier NCT04651634). MIT-101 is a mitochondria-
targeted antioxidant that is thought to exert its effect by tar-
geting DAMPs to prevent downstream oxidative stress and 
inflammatory mechanisms.

Given its importance in the initiation of radiation-
induced tissue injury, the innate immune response is a ratio-
nal biological target for potential antimucositis molecules. 
EC-18 is a small, synthetically produced molecule (1-pal
mitoyl-2-linoleoyl-3-acetyl-rac-glycerol) that replicates a 
known biologically active agent derived from the horns 
of silk deer. Being developed by Enzychem Lifesciences, 
the results of a phase 2 trial (ClinicalTrials.gov identifier 
NCT03200340), in which the compound is delivered as a 
twice-daily capsule during the CRT period, should be avail-
able in late 2021.

An alternative approach was taken by Innovation 
Pharmaceuticals, which tested their defensin mimetic, 
Brilacidin, in a small phase 2 trial (ClinicalTrials.gov iden-
tifier NCT02324335). Data from the study completed in 
2018 showed that Brilacidin administered as an oral rinse 
favorably affected the incidence of SOM by 65% com-
pared with placebo (Brilacidin, 25.0%; placebo, 71.4%;  
P =  .0480).115,116 Unlike avasopasem manganese, for which 
efficacy was independent of cisplatin regimen, Brilacidin was 
more effective in patients being treated when cisplatin was 
administered triweekly at a high dose (vs weekly at a low 
dose). No further trials have yet been started or completed.

As noted above, it is well known that NF-κB–derived cy-
tokines are a destructive force in OM pathogenesis. Monopar 
Therapeutics is testing the efficacy of a novel, slow-release 
formulation of clonidine for mucositis in the H&N cancer 
population (ClinicalTrials.gov identifier NCT04648020). 
The compound, Validive, was previously shown to affect 
the course and severity of mucositis when administered as 
a troche placed between the lip and alveolar mucosa in the 
region of the maxillary canine. SOM developed in 45% ver-
sus 60% of patients (P = .06) who received clonidine versus 
placebo and occurred for the first time at 60 Gy as opposed 
to 48 Gy (median hazard ratio, 0.75; 95% CI, 0.484-1.175; 
P =  .21), and the median time to onset was 45 versus 36 
days. The safety profile of the study drug was similar to that 
of placebo.117

Mucositis and Health Economics
In addition to its symptomatic impact, OM poses a sig-
nificant health economic burden because its presence is 
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associated with increased rates of hospital admission, length 
of hospital stay, emergency department visits, number of 
clinic visits, nutritional consult visits, increased supplemental 
feeding options, and opioids and antibiotic use.9

The cumulative cost of this increased resource consump-
tion is significant. The incremental cost of OM ranged from 
approximately $5000 to $30,000 among patients receiv-
ing RT and was $3700 per cycle among patients receiving 
chemotherapy. The incremental cost of OM-related hos-
pitalization among stem cell transplant recipients exceeded 
$70,000.118 Of note, these studies calculated the cost of OM 
in the immediate term after cancer therapy. Inflating the 
costs for the current equivalent currency, the cost of OM 
in patients receiving RT to the H&N is >$8000, in HCT 
recipients it is >$73,000, and it is much higher in patients 
with SOM.118

Because some patients undergoing RT to the H&N may 
develop chronic OM, the costs of long-term treatment for 
OM may continue after cancer therapy finishes. The costs of 
OM-irAE and OMT have not been studied yet.

In countries where PBM therapy is widely used, the cur-
rent literature suggests a financial advantage of using it to 
prevent OM.119 This cost-effectiveness analysis may not 
apply universally. Of relevance, third-party reimbursement 

for most palliative devices, such as PBM therapy, is lacking 
in the United States.

Conclusion
OM is a common and debilitating complication of cancer 
therapy. The supportive care for OM has been studied ex-
tensively, but evidence-based interventions are limited to 
certain cancer therapy settings and are not universally avail-
able. The improvements in our understanding of its patho-
genesis should facilitate the discovery of mechanistic-based 
interventions. Simultaneously, with the proliferation of tar-
geted therapies and immunotherapies, reports on OMTs 
and OM-irAEs are increasing. Therefore, the needs and op-
portunities for developing effective, personalized mucositis 
interventions are likely to grow and remain for the foresee-
able future. Clinicians involved in the management of OM 
tend to belong to multidisciplinary teams, and the medical 
and emotional support given to these patients is essential to 
the success of their cancer treatment. ■

Acknowledgments: We thank Mr. Glen Hinz, BFA, from the Medical 
Illustration School of Art, College of Art and Design, Rochester Institute of 
Technology, for creation of the pathobiology illustration.

References
	 1.	 Sonis ST, Oster G, Fuchs H, et al. 

Oral mucositis and the clinical and  
economic outcomes of hematopoietic 
stem-cell transplantation. J Clin Oncol. 
2001;19:2201-2205. doi:10.1200/jco.2001.​
19.8.2201

	 2.	 Siegel RL, Miller KD, Fuchs HE, Jemal 
A. Cancer statistics, 2021. CA Cancer J  
Clin. 2021;71:7-33. doi:10.3322/caac.​
21654

	 3.	 Ueno T, Zenda S, Konishi T, et al. The 
post hoc analysis comparing the sever-
ity grades of chemoradiotherapy-induced 
oral mucositis scored between the cen-
tral and local assessors in a multicenter, 
randomized controlled trial of rebamip-
ide for head and neck cancer. Int J Clin 
Oncol. 2019;24:241-247. doi:10.1007/
s1014​7-018-1355-7

	 4.	 Bellm LA, Epstein JB, Rose-Ped A, Martin 
P, Fuchs HJ. Patient reports of complica-
tions of bone marrow transplantation. 
Support Care Cancer. 2000;8:33-39. 
doi:10.1007/s0052​09900095

	 5.	 Spielberger R, Stiff P, Bensinger W,  
et al. Palifermin for oral mucositis after 
intensive therapy for hematologic can-
cers. N Engl J Med. 2004;351:2590-2598. 
doi:10.1056/NEJMo​a040125

	 6.	 Vagliano L, Feraut C, Gobetto G, et al. 
Incidence and severity of oral mucositis 
in patients undergoing haematopoietic 
SCT—results of a multicentre study. 
Bone Marrow Transplant. 2011;46:727-
732. doi:10.1038/bmt.2010.184

	 7.	 Chaudhry HM, Bruce AJ, Wolf RC,  
et al. The incidence and severity of oral 
mucositis among allogeneic hemato-
poietic stem cell transplantation pa-
tients: a systematic review. Biol Blood 
Marrow Transplant. 2016;22:605-616. 
doi:10.1016/j.bbmt.2015.09.014

	 8.	 Garming Legert K, Ringden O, Remberger 
M, Torlen J, Mattsson J, Dahllof G. Oral 
mucositis after tacrolimus/sirolimus 
or cyclosporine/methotrexate as graft-
versus-host disease prophylaxis. Oral Dis. 
2021;27:1217-1225. doi:10.1111/odi.13663

	 9.	 Berger K, Schopohl D, Bollig A, et al. 
Burden of oral mucositis: a systematic 
review and implications for future re-
search. Oncol Res Treat. 2018;41:399-
405. doi:10.1159/00048​7085

	 10.	 Anderson CM, Lee CM, Saunders DP, et 
al. Phase IIb, randomized, double-blind 
trial of GC4419 versus placebo to reduce 
severe oral mucositis due to concurrent 
radiotherapy and cisplatin for head and 
neck cancer. J Clin Oncol. 2019;37:3256-
3265. doi:10.1200/jco.19.01507

	 11.	 Szturz P, Wouters K, Kiyota N, et al. 
Altered fractionation radiotherapy 
combined with concurrent low-dose or 
high-dose cisplatin in head and neck 
cancer: a systematic review of literature 
and meta-analysis. Oral Oncol. 2018;  
76:52-60. doi:10.1016/j.oralo​ncolo​gy.​
2017.11.025

	 12.	 Jones JA, Avritscher EB, Cooksley 
CD, Michelet M, Bekele BN, Elting LS. 
Epidemiology of treatment-associated 
mucosal injury after treatment with 
newer regimens for lymphoma, breast, 
lung, or colorectal cancer. Support Care 
Cancer. 2006;14:505-715. doi:10.1007/
s0052​0-006-0055-4

	 13.	 Curra M, Gabriel AF, Ferreira MBC,  
et al. Incidence and risk factors for oral 
mucositis in pediatric patients receiving 
chemotherapy. Support Care Cancer. 
2021;29:6243-6251. doi:10.1007/s0052​0-​
021-06199​-5

	 14.	 Basile D, Di Nardo P, Corvaja C, et al. 
Mucosal injury during anti-cancer treat-
ment: from pathobiology to bedside. 
Cancers (Basel). 2019;11:857.

	 15.	 Sonis ST. Mucositis: The impact, biol-
ogy and therapeutic opportunities of 
oral mucositis. Oral Oncol. 2009;45:  
1015-1020. doi:10.1016/j.oralo​ncolo​gy.​
2009.08.006

 15424863, 2022, 1, D
ow

nloaded from
 https://acsjournals.onlinelibrary.w

iley.com
/doi/10.3322/caac.21704 by U

niversidad D
e C

hile, W
iley O

nline L
ibrary on [18/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1200/jco.2001.19.8.2201
https://doi.org/10.1200/jco.2001.19.8.2201
https://doi.org/10.3322/caac.21654
https://doi.org/10.3322/caac.21654
https://doi.org/10.1007/s10147-018-1355-7
https://doi.org/10.1007/s10147-018-1355-7
https://doi.org/10.1007/s005209900095
https://doi.org/10.1056/NEJMoa040125
https://doi.org/10.1038/bmt.2010.184
https://doi.org/10.1016/j.bbmt.2015.09.014
https://doi.org/10.1111/odi.13663
https://doi.org/10.1159/000487085
https://doi.org/10.1200/jco.19.01507
https://doi.org/10.1016/j.oraloncology.2017.11.025
https://doi.org/10.1016/j.oraloncology.2017.11.025
https://doi.org/10.1007/s00520-006-0055-4
https://doi.org/10.1007/s00520-006-0055-4
https://doi.org/10.1007/s00520-021-06199-5
https://doi.org/10.1007/s00520-021-06199-5
https://doi.org/10.1016/j.oraloncology.2009.08.006
https://doi.org/10.1016/j.oraloncology.2009.08.006


Oral Mucositis and Mucosal Toxicities

74 CA: A Cancer Journal for Clinicians

	 16.	 Cinausero M, Aprile G, Ermacora 
P, et al. New frontiers in the patho-
biology and treatment of cancer 
regimen-related mucosal injury. Front 
Pharmacol. 2017;8:354. doi:10.3389/
fphar.2017.00354

	 17.	 Al-Ansari S, Zecha JAEM, Barasch A, de 
Lange J, Rozema FR, Raber-Durlacher 
JE. Oral mucositis induced by antican-
cer therapies. Curr Oral Health Rep. 
2015;2:202-211.

	 18.	 Elting LS, Cooksley CD, Chambers MS, 
Garden AS. Risk, outcomes, and costs of 
radiation-induced oral mucositis among 
patients with head-and-neck malig-
nancies. Int J Radiat Oncol Biol Phys. 
2007;68:1110-1120.

	 19.	 Vera-Llonch M, Oster G, Ford CM, Lu J, 
Sonis S. Oral mucositis and outcomes 
of allogeneic hematopoietic stem-cell 
transplantation in patients with hemato-
logic malignancies. Support Care Cancer. 
2007;15:491-496.

	 20.	 Raber-Durlacher JE, Elad S, Barasch A. Oral 
mucositis. Oral Oncol. 2010;46:452-456.

	 21.	 Russo G, Haddad R, Posner M, Machtay 
M. Radiation treatment breaks and  
ulcerative mucositis in head and neck 
cancer. Oncologist. 2008;13:886-898. 
doi:10.1634/theon​colog​ist.2008-0024

	 22.	 Elad S, Zadik Y. Chronic oral mucositis 
after radiotherapy to the head and neck: 
a new insight. Support Care Cancer. 
2016;24:4825-4830.

	 23.	 Lalla RV, Treister N, Sollecito T, et al. 
Oral complications at 6 months after ra-
diation therapy for head and neck can-
cer. Oral Dis. 2017;23:1134-1143.

	 24.	 Wardill HR, Sonis ST, Blijlevens NMA, 
et al. Prediction of mucositis risk sec-
ondary to cancer therapy: a systematic 
review of current evidence and call to ac-
tion. Support Care Cancer. 2020;28:5059-
5073. doi:10.1007/s0052​0-020-05579​-7

	 25.	 Blijlevens N, Schwenkglenks M, Bacon 
P, et al. Prospective oral mucositis 
audit: oral mucositis in patients re-
ceiving high-dose melphalan or BEAM 
conditioning chemotherapy—European 
Blood and Marrow Transplantation 
Mucositis Advisory Group. J Clin 
Oncol. 2008;26:1519-1525. doi:10.1200/
jco.2007.13.6028

	 26.	 McCarthy GM, Awde JD, Ghandi H, 
Vincent M, Kocha WI. Risk factors asso-
ciated with mucositis in cancer patients 
receiving 5-fluorouracil. Oral Oncol. 
1998;34:484-490. doi:10.1016/s1368​
-8375(98)00068​-2

	 27.	 Li K, Yang L, Xin P, et al. Impact of dose 
volume parameters and clinical factors 

on acute radiation oral mucositis for 
locally advanced nasopharyngeal carci-
noma patients treated with concurrent 
intensity-modulated radiation therapy 
and chemoradiotherapy. Oral Oncol. 
2017;72:32-37. doi:10.1016/j.oralo​ncolo​gy.​
2017.06.026

	 28.	 Shouval R, Kouniavski E, Fein J, et al. 
Risk factors and implications of oral 
mucositis in recipients of allogeneic 
hematopoietic stem cell transplanta-
tion. Eur J Haematol. 2019;103:402-409. 
doi:10.1111/ejh.13299

	 29.	 Bourhis J, Lapeyre M, Tortochaux J,  
et al. Phase III randomized trial of 
very accelerated radiation therapy 
compared with conventional radiation 
therapy in squamous cell head and 
neck cancer: a GORTEC trial. J Clin 
Oncol. 2006;24:2873-2878. doi:10.1200/
jco.2006.08.057

	 30.	 Overgaard J, Hansen HS, Specht L,  
et al. Five compared with six fractions 
per week of conventional radiotherapy 
of squamous-cell carcinoma of head 
and neck: DAHANCA 6 and 7 ran-
domised controlled trial. Lancet. 2003;  
362:933-940. doi:10.1016/s0140​-6736(03)​
14361​-9

	 31.	 de Farias Gabriel A, Silveira FM, Curra 
M, et al. Risk factors associated with the 
development of oral mucositis in pediat-
ric oncology patients: systematic review 
and meta-analysis. Oral Dis. Published 
online March 28, 2021. doi:10.1111/
odi.13863

	 32.	 Mendonca RM, Araujo M, Levy CE,  
et al. Oral mucositis in pediatric acute 
lymphoblastic leukemia patients: eval-
uation of microbiological and hemato-
logical factors. Pediatr Hematol Oncol. 
2015;32:322-330. doi:10.3109/08880​018.​
2015.1034819

	 33.	 Bektas-Kayhan K, Kucukhuseyin O, 
Karagoz G, et al. Is the MDR1 C3435T 
polymorphism responsible for oral mu-
cositis in children with acute lympho-
blastic leukemia? Asian Pac J Cancer 
Prev. 2012;13:5251-5255. doi:10.7314/
apjcp.​2012.13.10.5251

	 34.	 Fadda G, Campus G, Luglie P. Risk fac-
tors for oral mucositis in paediatric 
oncology patients receiving alkylant che-
motherapy. BMC Oral Health. 2006;6:13. 
doi:10.1186/1472-6831-6-13

	 35.	 Valer JB, Curra M, Gabriel AF, et al. 
Oral mucositis in childhood cancer pa-
tients receiving high-dose methotrex-
ate: prevalence, relationship with other 
toxicities and methotrexate elimination. 
Int J Paediatr Dent. 2021;31:238-246. 
doi:10.1111/ipd.12718

	 36.	 Sonis ST. The pathobiology of muco-
sitis. Nat Rev Cancer. 2004;4:277-284. 
doi:10.1038/nrc1318

	 37.	 Sonis ST. New thoughts on the initiation 
of mucositis. Oral Dis. 2010;16:597-600.

	 38.	 Lalla RV, Brennan MT, Gordon SM, 
Sonis ST, Rosenthal DI, Keefe DM. Oral 
mucositis due to high-dose chemother-
apy and/or head and neck radiation 
therapy. J Natl Cancer Inst Monogr. 
2019;53:lgz011. doi:10.1093/jncim​onogr​
aphs/lgz011

	 39.	 Mougeot JLC, Stevens CB, Morton DS, 
Brennan MT, Mougeot FB. Oral micro-
biome and cancer therapy-induced oral 
mucositis. J Natl Cancer Inst Monogr. 
2019;53:lgz002. doi:10.1093/jncim​onogr​
aphs/lgz002

	 40.	 Sonis ST, Elting LS, Keefe D, et al. 
Perspectives on cancer therapy-induced 
mucosal injury: pathogenesis, mea-
surement, epidemiology, and conse-
quences for patients. Cancer. 2004;100  
(9 suppl):1995-2025.

	 41.	 World Health Organization (WHO). 
WHO Handbook for Reporting Results of 
Cancer Treatment. WHO; 1979.

	 42.	 National Cancer Institute. Common 
Terminology Criteria for Adverse Events 
(CTCAE). Version 5.0. National Cancer 
Institute, National Institutes of Health, 
US Department of Health and Human 
Services; 2017. Accessed October 14, 
2021. ctep.cancer.gov/proto​colde​velop​
ment/elect​ronic_appli​catio​ns/docs/
CTCAE_v5_Quick_Refer​ence_8.5x11.pdf

	 43.	 Cox JD, Stetz J, Pajak TF. Toxicity cri-
teria of the Radiation Therapy Oncology 
Group (RTOG) and the European 
Organization for Research and Treatment 
of Cancer (EORTC). Int J Radiat Oncol 
Biol Phys. 1995;31:1341-1346. doi:10.101
6/0360-3016(95)00060​-C

	 44.	 Sung L, Tomlinson GA, Greenberg ML, 
et al. Validation of the oral mucositis 
assessment scale in pediatric cancer. 
Pediatr Blood Cancer. 2007;49:149-153.

	 45.	 Sonis ST, Eilers JP, Epstein JB, et al. 
Validation of a new scoring system 
for the assessment of clinical trial re-
search of oral mucositis induced by 
radiation or chemotherapy. Cancer. 
1999;85:2103-2113.

	 46.	 Williamson A, Hoggart B. Pain: a review 
of three commonly used pain rating 
scales. J Clin Nurs. 2005;14:798-804. 
doi:10.1111/j.1365-2702.2005.01121.x

	 47.	 Staudenmaier T, Cenzer I, Crispin A, 
Ostermann H, Berger K. Burden of oral 
mucositis in stem cell transplant patients-
the patients’ perspective. Support Care 

 15424863, 2022, 1, D
ow

nloaded from
 https://acsjournals.onlinelibrary.w

iley.com
/doi/10.3322/caac.21704 by U

niversidad D
e C

hile, W
iley O

nline L
ibrary on [18/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.3389/fphar.2017.00354
https://doi.org/10.3389/fphar.2017.00354
https://doi.org/10.1634/theoncologist.2008-0024
https://doi.org/10.1007/s00520-020-05579-7
https://doi.org/10.1200/jco.2007.13.6028
https://doi.org/10.1200/jco.2007.13.6028
https://doi.org/10.1016/s1368-8375(98)00068-2
https://doi.org/10.1016/s1368-8375(98)00068-2
https://doi.org/10.1016/j.oraloncology.2017.06.026
https://doi.org/10.1016/j.oraloncology.2017.06.026
https://doi.org/10.1111/ejh.13299
https://doi.org/10.1200/jco.2006.08.057
https://doi.org/10.1200/jco.2006.08.057
https://doi.org/10.1016/s0140-6736(03)14361-9
https://doi.org/10.1016/s0140-6736(03)14361-9
https://doi.org/10.1111/odi.13863
https://doi.org/10.1111/odi.13863
https://doi.org/10.3109/08880018.2015.1034819
https://doi.org/10.3109/08880018.2015.1034819
https://doi.org/10.7314/apjcp.2012.13.10.5251
https://doi.org/10.7314/apjcp.2012.13.10.5251
https://doi.org/10.1186/1472-6831-6-13
https://doi.org/10.1111/ipd.12718
https://doi.org/10.1038/nrc1318
https://doi.org/10.1093/jncimonographs/lgz011
https://doi.org/10.1093/jncimonographs/lgz011
https://doi.org/10.1093/jncimonographs/lgz002
https://doi.org/10.1093/jncimonographs/lgz002
http://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
http://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
http://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://doi.org/10.1016/0360-3016(95)00060-C
https://doi.org/10.1016/0360-3016(95)00060-C
https://doi.org/10.1111/j.1365-2702.2005.01121.x


CA CANCER J CLIN 2022;72:57–77

75VOLUME 72 | NUMBER 1 |  JANUARY/FEBRUARY 2022

Cancer. 2018;26:1577-1584. doi:10.1007/
s0052​0-017-4000-5

	 48.	 Epstein JB, Beaumont JL, Gwede CK,  
et al. Longitudinal evaluation of the oral 
mucositis weekly questionnaire-head 
and neck cancer, a patient-reported out-
comes questionnaire. Cancer. 2007;109:  
1914-1922.

	 49.	 Stiff P, Erder H, Bensinger W, et al. 
Reliability and validity of a patient self-
administered daily questionnaire to as-
sess impact of oral mucositis (OM) on 
pain and daily functioning in patients 
undergoing autologous hematopoietic 
stem cell transplantation (HSCT). Bone 
Marrow Transplant. 2006;37:393-401.

	 50.	 List MA, D’Antonio LL, Cella DF, et al. 
The performance status scale for head 
and neck cancer patients and the func-
tional assessment of cancer therapy-
head and neck scale: a study of utility 
and validity. Cancer. 1996;77:2294-2301.

	 51.	 Singer S, Amdal CD, Hammerlid E, et al. 
International validation of the revised 
European Organisation for Research 
and Treatment of Cancer Head and Neck 
Cancer Module, the EORTC QLQ-HN43: 
phase IV. Head Neck. 2019;41:1725-1737.

	 52.	 Tomlinson D, Gibson F, Treister N, et al.  
Challenges of mucositis assessment in 
children: expert opinion. Eur J Oncol 
Nurs. 2008;12:469-475. doi:10.1016/j.ejon.​
2008.05.010

	 53.	 Tomlinson D, Ethier MC, Judd P, et al. 
Reliability and construct validity of 
the oral mucositis daily questionnaire 
in children with cancer. Eur J Cancer. 
2011;47:383-388.

	 54.	 Jacobs S, Baggott C, Agarwal R, et al. 
Validation of the Children’s International 
Mucositis Evaluation Scale (ChIMES) in 
paediatric cancer and SCT. Br J Cancer. 
2013;109:2515-2522. doi:10.1038/bjc.​
2013.​618

	 55.	 Elad S, Raber-Durlacher JE, Brennan 
MT, et al. Basic oral care for hematology-
oncology patients and hematopoietic 
stem cell transplantation recipients: a 
position paper from the joint task force 
of the Multinational Association of 
Supportive Care in Cancer/International 
Society of Oral Oncology (MASCC/ISOO) 
and the European Society for Blood 
and Marrow Transplantation (EBMT). 
Support Care Cancer. 2015;23:223-236. 
doi:10.1007/s0052​0-014-2378-x

	 56.	 Hong CH, Gueiros LA, Fulton JS, et al. 
Systematic review of basic oral care 
for the management of oral mucositis 
in cancer patients and clinical prac-
tice guidelines. Support Care Cancer. 
2019;27:3949-3967.

	 57.	 Correa MEP, Cheng KKF, Chiang K,  
et al. Systematic review of oral cryo-
therapy for the management of oral 
mucositis in cancer patients and clinical 
practice guidelines. Support Care Cancer. 
2020;28:2449-2456.

	 58.	 Zadik Y, Arany PR, Fregnani ER, et al. 
Systematic review of photobiomodu-
lation for the management of oral mu-
cositis in cancer patients and clinical 
practice guidelines. Support Care Cancer. 
2019;27:3969-3983.

	 59.	 Ariyawardana A, Cheng KKF, Kandwal 
A, et al. Systematic review of anti-
inflammatory agents for the manage-
ment of oral mucositis in cancer patients 
and clinical practice guidelines. Support 
Care Cancer. 2019;27:3985-3995.

	 60.	 Logan RM, Al-Azri AR, Bossi P, et al. 
Systematic review of growth factors and 
cytokines for the management of oral 
mucositis in cancer patients and clinical 
practice guidelines. Support Care Cancer. 
2020;28:2485-2498.

	 61.	 Yarom N, Hovan A, Bossi P, et al. 
Systematic review of natural and mis-
cellaneous agents for the management 
of oral mucositis in cancer patients 
and clinical practice guidelines—part 
1: vitamins, minerals, and nutritional 
supplements. Support Care Cancer. 
2019;27:3997-4010.

	 62.	 Yarom N, Hovan A, Bossi P, et al. 
Systematic review of natural and miscel-
laneous agents, for the management of 
oral mucositis in cancer patients and clin-
ical practice guidelines—part 2: honey, 
herbal compounds, saliva stimulants, 
probiotics, and miscellaneous agents. 
Support Care Cancer. 2020;28:2457-2472.

	 63.	 Saunders DP, Rouleau T, Cheng K, et 
al. Systematic review of antimicrobials, 
mucosal coating agents, anesthetics, and 
analgesics for the management of oral 
mucositis in cancer patients and clinical 
practice guidelines. Support Care Cancer. 
2020;28:2473-2484.

	 64.	 Elad S, Cheng KKF, Lalla RV, et al. 
MASCC/ISOO clinical practice guide-
lines for the management of mucositis 
secondary to cancer therapy. Cancer. 
2020;126:4423-4431.

	 65.	 Elad S. The MASCC/ISOO mucositis 
guidelines 2019 update: introduction 
to the first set of articles. Support Care 
Cancer. 2019;27:3929-3931. doi:10.1007/
s0052​0-019-04895​-x

	 66.	 Elad S. The MASCC/ISOO mucositis 
guidelines 2019: the second set of arti-
cles and future directions. Support Care 
Cancer. 2020;28:2445-2447. doi:10.1007/
s0052​0-019-05153​-w

	 67.	 Miranda-Silva W, Gomes-Silva W, Zadik 
Y, et al. MASCC/ISOO clinical practice 
guidelines for the management of muco-
sitis: subanalysis of current interventions 
for the management of oral mucositis in 
pediatric cancer patients. Support Care 
Cancer. 2021;29:3539-3562. doi:10.1007/
s0052​0-020-05803​-4

	 68.	 Sung L, Robinson P, Treister N, et al. 
Guideline for the prevention of oral and 
oropharyngeal mucositis in children 
receiving treatment for cancer or un-
dergoing haematopoietic stem cell trans-
plantation. BMJ Support Palliat Care. 
2017;7:7-16.

	 69.	 Rugo HS, Hortobagyi GN, Yao J, et al. 
Meta-analysis of stomatitis in clinical 
studies of everolimus: incidence and 
relationship with efficacy. Ann Oncol. 
2016;27:519-525. doi:10.1093/annon​c/
mdv595

	 70.	 Martins F, de Oliveira MA, Wang Q,  
et al. A review of oral toxicity asso-
ciated with mTOR inhibitor therapy 
in cancer patients. Oral Oncol. 2013;  
49:293-298. doi:10.1016/j.oralo​ncolo​gy.​
2012.11.008

	 71.	 Miroddi M, Sterrantino C, Simonelli 
I, Ciminata G, Phillips RS, Calapai G. 
Risk of grade 3-4 diarrhea and mucosi-
tis in colorectal cancer patients receiv-
ing anti-EGFR monoclonal antibodies 
regimens: a meta-analysis of 18 ran-
domized controlled clinical trials. Crit 
Rev Oncol Hematol. 2015;96:355-371. 
doi:10.1016/j.critr​evonc.2015.06.004

	 72.	 Abdel-Rahman O, Fouad M. Risk of mu-
cocutaneous toxicities in patients with 
solid tumors treated with lapatinib: a 
systematic review and meta-analysis. 
Curr Med Res Opin. 2015;31:975-986. 
doi:10.1185/03007​995.2015.1020367

	 73.	 Gisondi P, Geat D, Mattiucci A, Lombardo 
F, Santo A, Girolomoni G. Incidence of 
adverse cutaneous reactions to epider-
mal growth factor receptor inhibitors in 
patients with non-small-cell lung cancer. 
Dermatology. Published online January 
28, 2021. doi:10.1159/00051​3233

	 74.	 Abdel-Rahman O, Fouad M. Risk of mu-
cocutaneous toxicities in patients with 
solid tumors treated with sorafenib: an 
updated systematic review and meta-
analysis. Expert Rev Anticancer Ther. 
2014;14:751-760. doi:10.1586/14737​140.​
2014.894465

	 75.	 Abdel-Rahman O, Fouad M. Risk of mu-
cocutaneous toxicities in patients with 
solid tumors treated with sunitinib: a 
critical review and meta analysis. Expert 
Rev Anticancer Ther. 2015;15:129-141. 
doi:10.1586/14737​140.​2015.985660

 15424863, 2022, 1, D
ow

nloaded from
 https://acsjournals.onlinelibrary.w

iley.com
/doi/10.3322/caac.21704 by U

niversidad D
e C

hile, W
iley O

nline L
ibrary on [18/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1007/s00520-017-4000-5
https://doi.org/10.1007/s00520-017-4000-5
https://doi.org/10.1016/j.ejon.2008.05.010
https://doi.org/10.1016/j.ejon.2008.05.010
https://doi.org/10.1038/bjc.2013.618
https://doi.org/10.1038/bjc.2013.618
https://doi.org/10.1007/s00520-014-2378-x
https://doi.org/10.1007/s00520-019-04895-x
https://doi.org/10.1007/s00520-019-04895-x
https://doi.org/10.1007/s00520-019-05153-w
https://doi.org/10.1007/s00520-019-05153-w
https://doi.org/10.1007/s00520-020-05803-4
https://doi.org/10.1007/s00520-020-05803-4
https://doi.org/10.1093/annonc/mdv595
https://doi.org/10.1093/annonc/mdv595
https://doi.org/10.1016/j.oraloncology.2012.11.008
https://doi.org/10.1016/j.oraloncology.2012.11.008
https://doi.org/10.1016/j.critrevonc.2015.06.004
https://doi.org/10.1185/03007995.2015.1020367
https://doi.org/10.1159/000513233
https://doi.org/10.1586/14737140.2014.894465
https://doi.org/10.1586/14737140.2014.894465
https://doi.org/10.1586/14737140.2015.985660


Oral Mucositis and Mucosal Toxicities

76 CA: A Cancer Journal for Clinicians

	 76.	 Sonis S, Treister N, Chawla S, Demetri G, 
Haluska F. Preliminary characterization 
of oral lesions associated with inhibitors 
of mammalian target of rapamycin in 
cancer patients. Cancer. 2010;116:210-
215. doi:10.1002/cncr.24696

	 77.	 Vigarios E, Epstein JB, Sibaud V. Oral 
mucosal changes induced by anticancer 
targeted therapies and immune check-
point inhibitors. Support Care Cancer. 
2017;25:1713-1739. doi:10.1007/s0052​
0-017-3629-4

	 78.	 Singer S, Tan SY, Dewan AK, et al. 
Cutaneous eruptions from ibrutinib re-
sembling EGFR inhibitor-induced der-
matologic adverse events. J Am Acad 
Dermatol. Published online December 
20, 2019. doi:10.1016/j.jaad.2019.12.031

	 79.	 Yuan A, Kurtz SL, Barysauskas CM, 
Pilotte AP, Wagner AJ, Treister NS. Oral 
adverse events in cancer patients treated 
with VEGFR-directed multitargeted ty-
rosine kinase inhibitors. Oral Oncol. 
2015;51:1026-1033.

	 80.	 Boers-Doets CB, Epstein JB, Raber-
Durlacher JE, et al. Oral adverse events 
associated with tyrosine kinase and mam-
malian target of rapamycin inhibitors in 
renal cell carcinoma: a structured litera-
ture review. Oncologist. 2012;17:135-144.

	 81.	 Lee W, Lee J, Chang S, et al. Cutaneous 
adverse effects in patients treated with 
the multitargeted kinase inhibitors 
sorafenib and sunitinib. Br J Dermatol. 
2009;161:1045-1051.

	 82.	 Plemons JM, Al-Hashimi I, Marek CL, 
American Dental Association Council on 
Scientific A. Managing xerostomia and 
salivary gland hypofunction: executive 
summary of a report from the American 
Dental Association Council on Scientific 
Affairs. J Am Dent Assoc. 2014;145:867-
873. doi:10.14219/​jada.2014.44

	 83.	 Mignogna MD, Fortuna G, Leuci S, Pollio 
A, Ruoppo E. Sunitinib adverse event: 
oral bullous and lichenoid mucositis. 
Ann Pharmacother. 2009;43:546-547. 
doi:10.1345/aph.1L592

	 84.	 Lacouture ME, Maitland ML, Segaert S, 
et al. A proposed EGFR inhibitor der-
matologic adverse event-specific grad-
ing scale from the MASCC Skin Toxicity 
Study Group. Support Care Cancer. 
2010;18:509-522.

	 85.	 Peterson DE, O’Shaughnessy JA, Rugo 
HS, et al. Oral mucosal injury caused by 
mammalian target of rapamycin inhibi-
tors: emerging perspectives on pathobi-
ology and impact on clinical practice. 
Cancer Med. 2016;5:1897-1907.

	 86.	 Peterson D, Boers-Doets C, Bensadoun 
R, Herrstedt J. Management of oral and 

gastrointestinal mucosal injury: ESMO 
clinical practice guidelines for diagnosis, 
treatment, and follow-up. Ann Oncol. 
2015;26:v139-v151.

	 87.	 Elad S, Zinchuk K, Li S, Cutler C, 
Liesveld J, Treister NS. Economic and 
practical considerations in the treatment 
of oral mucosal chronic graft-versus-host 
disease. Biol Blood Marrow Transplant. 
2018;24:1748-1753. doi:10.1016/j.bbmt.​
2018.02.022

	 88.	 de Oliveira MA, Martins EMF, Wang Q, 
et al. Clinical presentation and man-
agement of mTOR inhibitor-associated 
stomatitis. Oral Oncol. 2011;47:998-
1003. doi:10.1016/j.oralo​ncolo​gy.2011.​
08.009

	 89.	 Rugo HS, Seneviratne L, Beck JT, et al. 
Prevention of everolimus-related stoma-
titis in women with hormone receptor-
positive, HER2-negative metastatic breast 
cancer using dexamethasone mouth-
wash (SWISH): a single-arm, phase 2 
trial. Lancet Oncol. 2017;18:654-662.

	 90.	 Fantozzi PJ, Treister N, Shekar R, Woo 
SB, Villa A. Intralesional triamcinolone 
acetonide therapy for inflammatory 
oral ulcers. Oral Surg Oral Med Oral 
Pathol Oral Radiol. 2019;128:485-490. 
doi:10.1016/j.oooo.2019.07.024

	 91.	 Yang W, Li S, Yang Q. Risk of derma-
tologic and mucosal adverse events 
associated with PD-1/PD-L1 inhibi-
tors in cancer patients: a meta-analysis 
of randomized controlled trials. 
Medicine (Baltimore). 2019;98:e15731. 
doi:10.1097/md.00000​00000​015731

	 92.	 Xu Y, Wen N, Sonis ST, Villa A. Oral side 
effects of immune checkpoint inhibi-
tor therapy (ICIT): an analysis of 4683 
patients receiving ICIT for malignan-
cies at Massachusetts General Hospital, 
Brigham & Women’s Hospital, and the 
Dana-Farber Cancer Institute, 2011 to 
2019. Cancer. 2021;127:1796-1804. 
doi:10.1002/cncr.33436

	 93.	 Wongvibulsin S, Pahalyants V, Kalinich 
M, et al. Epidemiology and risk factors 
for the development of cutaneous tox-
icities in patients treated with immune-
checkpoint inhibitors: a United States 
population-level analysis. J Am Acad 
Dermatol. Published online April 2, 
2021. doi:10.1016/j.jaad.2021.03.094

	 94.	 Shazib MA, Woo SB, Sroussi H, et al. 
Oral immune-related adverse events as-
sociated with PD-1 inhibitor therapy: a 
case series. Oral Dis. 2020;26:325-333.

	 95.	 Sibaud V, Eid C, Belum VR, et al. 
Oral lichenoid reactions associated 
with anti-PD-1/PD-L1 therapies: clin-
icopathological findings. J Eur Acad 

Dermatol Venereol. 2017;31:e464-e469. 
doi:10.1111/jdv.14284

	 96.	 Gnanendran SS, Turner LM, Miller JA, 
Hwang SJE, Miller AC. Cutaneous adverse 
events of anti-PD-1 therapy and BRAF  
inhibitors. Curr Treat Options Oncol. 2020;  
21:29. doi:10.1007/​s1186​4-​020-0721-7

	 97.	 Sibaud V, Vigarios E, Siegfried A, Bost C, 
Meyer N, Pages-Laurent C. Nivolumab-
related mucous membrane pemphi-
goid. Eur J Cancer. 2019;121:172-176. 
doi:10.1016/j.ejca.2019.08.030

	 98.	 Fassler M, Rammlmair A, Feldmeyer L, 
et al. Mucous membrane pemphigoid 
and lichenoid reactions after immune 
checkpoint inhibitors: common path-
omechanisms. J Eur Acad Dermatol 
Venereol. 2020;34:e112-e115.

	 99.	 Dasanu CA. Late-onset Stevens-Johnson 
syndrome due to nivolumab use for he-
patocellular carcinoma. J Oncol Pharm 
Pract. 2019;25:2052-2055.

	100.	 Muntyanu A, Netchiporouk E, Gerstein 
W, Gniadecki R, Litvinov IV. Cutaneous 
immune-related adverse events (irAEs) 
to immune checkpoint inhibitors: a 
dermatology perspective on manage-
ment. J Cutan Med Surg. 2021;25:59-76. 
doi:10.1177/12034​75420​943260

	101.	 Cappelli LC, Gutierrez AK, Baer AN, 
et al. Inflammatory arthritis and sicca 
syndrome induced by nivolumab and 
ipilimumab. Ann Rheum Dis. 2017;76:  
43-50.

	102.	 Warner BM, Baer AN, Lipson EJ, et al. 
Sicca syndrome associated with immune 
checkpoint inhibitor therapy. Oncologist. 
2019;24:1259-1269.

	103.	 Lacouture M, Sibaud V. Toxic side effects 
of targeted therapies and immunother-
apies affecting the skin, oral mucosa, 
hair, and nails. Am J Clin Dermatol. 
2018;19(suppl 1):31-39. doi:10.1007/
s4025​7-​018-0384-3

	104.	 Ventola CL. Cancer immunotherapy, part 
2: efficacy, safety, and other clinical con-
siderations. P T. 2017;42:452-463.

	105.	 Postow MA, Sidlow R, Hellmann MD. 
Immune-related adverse events associ-
ated with immune checkpoint block-
ade. N Engl J Med. 2018;378:158-168. 
doi:10.1056/NEJMr​a1703481

	106.	 Inno A, Metro G, Bironzo P, et al. 
Pathogenesis, clinical manifestations 
and management of immune checkpoint 
inhibitors toxicity. Tumori. 2017;103:  
405-421.

	107.	 Geisler AN, Phillips GS, Barrios DM,  
et al. Immune checkpoint inhibitor-
related dermatologic adverse events. J Am  
Acad Dermatol. 2020;83:1255-1268.

 15424863, 2022, 1, D
ow

nloaded from
 https://acsjournals.onlinelibrary.w

iley.com
/doi/10.3322/caac.21704 by U

niversidad D
e C

hile, W
iley O

nline L
ibrary on [18/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1002/cncr.24696
https://doi.org/10.1007/s00520-017-3629-4
https://doi.org/10.1007/s00520-017-3629-4
https://doi.org/10.1016/j.jaad.2019.12.031
https://doi.org/10.14219/jada.2014.44
https://doi.org/10.1345/aph.1L592
https://doi.org/10.1016/j.bbmt.2018.02.022
https://doi.org/10.1016/j.bbmt.2018.02.022
https://doi.org/10.1016/j.oraloncology.2011.08.009
https://doi.org/10.1016/j.oraloncology.2011.08.009
https://doi.org/10.1016/j.oooo.2019.07.024
https://doi.org/10.1097/md.0000000000015731
https://doi.org/10.1002/cncr.33436
https://doi.org/10.1016/j.jaad.2021.03.094
https://doi.org/10.1111/jdv.14284
https://doi.org/10.1007/s11864-020-0721-7
https://doi.org/10.1016/j.ejca.2019.08.030
https://doi.org/10.1177/1203475420943260
https://doi.org/10.1007/s40257-018-0384-3
https://doi.org/10.1007/s40257-018-0384-3
https://doi.org/10.1056/NEJMra1703481


CA CANCER J CLIN 2022;72:57–77

77VOLUME 72 | NUMBER 1 |  JANUARY/FEBRUARY 2022

	108.	 Rapoport BL, Anderson R, Cooksley T, 
Johnson DB. MASCC 2020 recommen-
dations for the management of immune-
related adverse events of patients 
undergoing treatment with immune 
checkpoint inhibitors. Support Care 
Cancer. 2020;28:6107-6110. doi:10.1007/
s0052​0-020-05727​-z

	109.	 Haanen JBAG, Carbonnel F, Robert C, 
et al. ESMO Guidelines Committee. 
Management of toxicities from immuno-
therapy: ESMO Clinical Practice Guidelines 
for diagnosis, treatment, and follow-up. 
Ann Oncol. 2017;28:iv119-iv142.

	110.	 Arnaud-Coffin P, Maillet D, Gan HK,  
et al. A systematic review of adverse 
events in randomized trials assessing 
immune checkpoint inhibitors. Int J 
Cancer. 2019;145:639-648.

	111.	 Klein BA, Alves FA, de Santana Rodrigues 
Velho J, et al. Oral manifestations of 
immune-related adverse events in cancer 
patients treated with immune check-
point inhibitors. Oral Dis. Published on-
line July 15, 2021. doi:10.1111/odi.13964

	112.	 Rapoport BL, van Eeden R, Sibaud V, 
et al. Supportive care for patients un-
dergoing immunotherapy. Support Care 

Cancer. 2017;25:3017-3030. doi:10.1007/
s0052​0-017-3802-9

	113.	 Sonis ST. Treatment for oral mucositis—
current options and an update of 
small molecules under development. 
Curr Treat Options Oncol. 2021;22:25. 
doi:10.1007/s1186​4-021-00823​-6

	114.	 Ma Q. Role of nrf2 in oxidative stress and 
toxicity. Annu Rev Pharmacol Toxicol. 
2013;53:401-426. doi:10.1146/annur​ev-
pharm​tox-01111​2-140320

	115.	 Innovation Pharmaceuticals, Inc. 
Innovation Pharmaceuticals Phase 2 Oral  
Mucositis Trial Additional Data Show  
Brilacidin-OM Demonstrated a Significant  
Reduction in the Incidence of Severe Oral  
Mucositis [press release]. Innovation 
Pharmaceuticals, Inc; 2018. Accessed 
October 14, 2021. iphar​minc.com/press-​
release/2018/4/9/innovation​-pharm​
aceut​icals​-phase​-2-oral-mucos​itis-​trial​
-​addit​ional​-data-show-brila​cidin​-om-
demon​strat​ed-a-signi​fican​t-reduc​tion-in-
the-incid​ence-of-sever​e-oral-mucos​itis

	116.	 Innovation Pharmaceuticals, Inc. Study 
of the Effects of Brilacidin Oral Rinse 
on Radiation-Induced Oral Mucositis in 
Patients With Head and Neck Cancer 

(Brilacidin). ClinicalTrials.gov identifier 
NCT02324335. Accessed September 20, 
2021. clini​caltr​ials.gov/ct2/show/resul​
ts/​NCT02​32433​5?term=NCT02​32433​
5&draw=2&rank=1

	117.	 Giralt J, Tao Y, Kortmann RD, et al. 
Randomized phase 2 trial of a novel 
clonidine mucoadhesive buccal tablet 
for the amelioration of oral mucositis 
in patients treated with concomitant 
chemoradiation therapy for head and 
neck cancer. Int J Radiat Oncol Biol 
Phys. 2020;106:320-328. doi:10.1016/​
j.ijrobp.2019.10.023

	118.	 Elting LS, Chang YC. Costs of oral com-
plications of cancer therapies: estimates 
and a blueprint for future study. J Natl 
Cancer Inst Monogr. 2019;53:lgz010. 
doi:10.1093/jncim​onogr​aphs/lgz010

	119.	 Lopes Martins AF, Nogueira TE, Morais 
MO, et al. Cost-effectiveness random-
ized clinical trial on the effect of pho-
tobiomodulation therapy for prevention 
of radiotherapy-induced severe oral 
mucositis in a Brazilian cancer hospi-
tal setting. Support Care Cancer. 2021;  
29:1245-1256. doi:10.1007/s0052​0-​020-​
05607​-6

 15424863, 2022, 1, D
ow

nloaded from
 https://acsjournals.onlinelibrary.w

iley.com
/doi/10.3322/caac.21704 by U

niversidad D
e C

hile, W
iley O

nline L
ibrary on [18/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1007/s00520-020-05727-z
https://doi.org/10.1007/s00520-020-05727-z
https://doi.org/10.1111/odi.13964
https://doi.org/10.1007/s00520-017-3802-9
https://doi.org/10.1007/s00520-017-3802-9
https://doi.org/10.1007/s11864-021-00823-6
https://doi.org/10.1146/annurev-pharmtox-011112-140320
https://doi.org/10.1146/annurev-pharmtox-011112-140320
http://ipharminc.com/press-release/2018/4/9/innovation-pharmaceuticals-phase-2-oral-mucositis-trial-additional-data-show-brilacidin-om-demonstrated-a-significant-reduction-in-the-incidence-of-severe-oral-mucositis
http://ipharminc.com/press-release/2018/4/9/innovation-pharmaceuticals-phase-2-oral-mucositis-trial-additional-data-show-brilacidin-om-demonstrated-a-significant-reduction-in-the-incidence-of-severe-oral-mucositis
http://ipharminc.com/press-release/2018/4/9/innovation-pharmaceuticals-phase-2-oral-mucositis-trial-additional-data-show-brilacidin-om-demonstrated-a-significant-reduction-in-the-incidence-of-severe-oral-mucositis
http://ipharminc.com/press-release/2018/4/9/innovation-pharmaceuticals-phase-2-oral-mucositis-trial-additional-data-show-brilacidin-om-demonstrated-a-significant-reduction-in-the-incidence-of-severe-oral-mucositis
http://ipharminc.com/press-release/2018/4/9/innovation-pharmaceuticals-phase-2-oral-mucositis-trial-additional-data-show-brilacidin-om-demonstrated-a-significant-reduction-in-the-incidence-of-severe-oral-mucositis
http://ipharminc.com/press-release/2018/4/9/innovation-pharmaceuticals-phase-2-oral-mucositis-trial-additional-data-show-brilacidin-om-demonstrated-a-significant-reduction-in-the-incidence-of-severe-oral-mucositis
http://clinicaltrials.gov/ct2/show/results/NCT02324335?term=NCT02324335&draw=2&rank=1
http://clinicaltrials.gov/ct2/show/results/NCT02324335?term=NCT02324335&draw=2&rank=1
http://clinicaltrials.gov/ct2/show/results/NCT02324335?term=NCT02324335&draw=2&rank=1
https://doi.org/10.1016/j.ijrobp.2019.10.023
https://doi.org/10.1016/j.ijrobp.2019.10.023
https://doi.org/10.1093/jncimonographs/lgz010
https://doi.org/10.1007/s00520-020-05607-6
https://doi.org/10.1007/s00520-020-05607-6

