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(Abstract \

Background and objective: WHO emphasizes the role of dentists in the surveillance of OC, and recommends the inclusion
of dentists, together with the oral health team, in the primary, secondary and tertiary prevention of OC, and the prevention of
complications of radiotherapy and chemotherapy by providing preventive and ongoing oral care. At an early stage, oral cancer
is often asymptomatic and mimics benign diseases, which reduces patient access to cancer care.

This study aimed to systematically review the literature to analyze proposed effective protocols for the treatment of oral com-
plications in cancer patients.

Selection criteria: Trials were selected if they met the following criteria: design - random allocation of participants; partici-
pants - anyone with cancer receiving chemotherapy or radiotherapy treatment for cancer; interventions - agents prescribed to
prevent oral mucositis; outcomes - prevention of mucositis, pain, amount of analgesia, dysphagia, systemic infection, length
of hospitalisation, cost and patient quality of life.

The systematic review included articles from Google Scholar, Medline, Scopus, Web of Sciences, PubMed was conducted.

Results: 281 articles were found, and 42 full-text articles were selected of high methodological quality to synthesize methods
for treating complications in the oral cavity. The review describes advances in understanding the pathobiology of mucositis,
discusses as well as modern methods of treatment and prevention of pathology. There are different protocols for oral care for
cancer patients, in which the main focus is on prophylaxis and pain relief.

To improve the quality of life for those with head and neck cancer, numerous agent’s studies are aimed at exploring new agents,
as well as reducing the radiation field and dose to maintain effective tumor control. Prevention is important, and particular at-
tention is paid to teaching patients about oral hygiene.

Conclusion: The clinical and economic significance of oral complications in cancer patients determines the need for further
trials already proposed means and methods in oncology therapy and the development of new approaches to prevention and
treatment of this pathology.

The results of the review may help inform the effectiveness of safe preventive measures for oral mucositis in cancer patients
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Introduction

Currently in complex cancer treatment chemotherapy and ra-
diation therapy are the most widely used treatment methods
[1-4].

However, complications in the oral cavity remain one of the
side effects of chemotherapy and radiotherapy for cancer pa-
tients [5,6].

Complications manifest themselves 7-14 days after the start of
therapy and have a significant impact on the quality of life of
patients may also lead to changes or interruptions in treatment,
all of which affect cure rates [7].

Pathological changes appear on the mucous membrane oral
cavity, on the skin, in the subcutaneous tissue, in the salivary
glands and in the bone marrow of the jaw bones.
Complications in the oral cavity during cancer therapy include,
dental caries, periodontitis, mucositis, fibrosis, oropharyngeal
candidiasis, oral infection (viral, fungal, bacterial), salivary
gland hypofunction and xerostomia, neurosensory disorders
(mucosal pain and taste dysfunction) [9-16].

In patients receiving chemotherapy, approximately 40-70% are
accompanied by oral mucositis (OM), a severe inflammation of
the oral mucosa. Oral mucositis dramatically reduces the qual-
ity of life of patients and requires significant additional costs
[17].

Clinical, morphological and biochemical changes in
the oral mucosa during chemotherapy

On the 5th—10th day from the start of mucotoxic Chemother-
apy (CT), the Oral Mucosa (OM) becomes clearly hyperemic
and edematous. Soon, areas with pseudomembranous plaque
appear on the non-keratinizing oral mucosa; in severe cases,
zones of necrosis (erosion, ulcers) with an area of from 0.5 to
4 cm?2. Under favorable conditions, it resolves independently
(hyperemia and edema are reduced, the integrity of the epithe-
lial tissue is restored cover, and later — the relief of the ulcer-
ation zone) in periods from several days to a month [18,19].

From a morphological point of view, pseudomembranous
plaque is a fibrinous film with a relatively low neutrophil con-
tent.

Changes in the epithelium in tissues at the peak of severe are
described as apoptosis, atrophy, dysplasia, parakeratosis, hy-
perplasia; at the level of the basement membrane, massive
death of epithelial stem cells is detected [20,21].

Tissue separation and apoptosis are found in the submucosal
layer cells, degeneration of collagen and glands, significant
changes in blood vessels (intimal thickening, decreased lumen,
destruction of elastic and muscle fibers of the vascular wall,
apoptosis of endothelial cells) and damage to nerve endings.
Less commonly, OM zones are described like ulcers with gran-
ulation tissue and cells of chronic inflammation.

In the OM zone, the activity of inflammatory mediators in-
creases: transcription factor NFkB, tumor necrosis factor
TNF-a, pro-inflammatory interleukins (IL-1p, IL-6, IL-8) [10],
the concentration of ribosomal protein also increases in inflam-
matory reactions mediated by nitric oxide and p53, as well as
platelet-derived growth factor IL-1122,23.

The most striking symptom of severe OM is pain in the soft
tissues of the oral cavity.

With mild OM, patients note increased sensitivity to temper-
ature, taste, consistency of drink and food, and complain of
spontaneous burning [24].

Severe OM is accompanied by constant pain, which intensifies
when trying to open the mouth slightly, change the position of
the tongue, or make a swallowing movement. Pain, dysgeusia,
dysphagia, hyposalivation in combination with nausea are the
reasons why patients with OM refuse from normal eating and
drinking. Lack of adequate assistance (tube or parenteral nutri-
tion) leads to dehydration and significant loss of body weight,
the prognosis sharply worsens not only for the restoration of
the mucous membranes, but also for the treatment of the un-
derlying disease [25].

There is evidence in the literature that increased production of
proinflammatory cytokines in OM may be the cause of non-
infectious fever accompanying “febrile” mucositis.

In accordance with the traditional thesis “OM is the entrance
gate for infection” (in particular, for bacteria, herpes viruses,
fungi, OM is considered as the main risk factor for infectious
complications and death of patients during the period of im-
munosuppression.

In 25-30% of cases, severe OM forces one to delay the next
course of chemotherapy and/or reduce the dose of cytostatics,
which significantly reduces the patient’s chances of survival
[27].

In recent years, in vivo and in vitro studies have improved
knowledge about the pathogenesis of OM [27].

OM is the result of a series of complex biological changes oc-
curring in various cells of the oral mucosa. A five-phase model
of OMpathogenesis has been proposed, 5, 8 including [28]:

Pathogenesis model oral mucositis

Phase I: Initiation phase (1-2 days).

Radiation and/or chemotherapy, damaging DNA, cause imme-
diate death of some of the clonogenic cells in basal layer of
epithelium and in the submucosal layer, ulcer formation; but
this alone is not sufficient for the large-scale changes observed
in OM. It is assumed that the main factor damaging the DNA of
replicating cells, cell membranes and connective tissue of the
submucosal layer are free radicals formed in tissues under the
influence of cytostatic therapy.

Phase II: Signal generation phase (2-3 days).

Free radicals not only destroy DNA, but also serve as triggers
for cascading biological processes - normal responses to dam-
age.

In the pathogenesis of OM, the main role is played by the acti-
vation of the nuclear transcription factor NF-kB in endothelial
cells, epithelial cells, fibroblasts and macrophages, which regu-
lates the expression of BCL2 family genes related to apoptosis,
as well as genes involved in the production pro-inflammatory
cytokines - Tumor Necrosis Factor (TNF), interleukins IL-10
and IL-6, which have a direct cytotoxic effect and stimulate
apoptosis. In this phase, the synthesis of ceramides, signaling
molecules, is activated apoptosis. Damage to fibroblasts stimu-
lates the production of matrix metalloproteinases, which are
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Figure 1: Chart representing the different phases of Patho-
genesis model mucositis development with chemotherapy and/
or radiation therapy.

involved in apoptosis and also destroy the junction of the epi-
thelium and the submucosal layer at the level of the basement
membrane. This phase results in a positive feedback loop that
leads to phase III;

Phase III: Signaling and amplification phase.

The processes launched in the second phase lead to damage to
the intercellular matrix and cells, which triggers the next round
of signal activation, synthesis of pro-inflammatory cytokines
and enzymes - cascade damage

tissue, supported by the feedback principle, expands in a spiral
and therefore does not immediately stop after the end of the ac-
tion of cytostatics. The phase lasts from 2 to 10 days. The main
destructive events occur in the submucosal layer and remain
clinically silent for some time; towards the end of the phase
they may manifest as erythema (due to atrophy and thinning of
the epithelium, vasodilation under the influence of IL-1) and
a burning sensation.

Phase IV: Ulceration phase.

Previous events (death of mature and stem cells, deficiency of
growth factors, degradation of the intercellular matrix) lead to
thinning of the oral mucosa and destruction of the connections
between the epithelium and the submucosal layer.

The integrity of the epithelium is easily disrupted by mechani-
cal microtrauma caused by speech, swallowing, chewing, pres-
sure from dystopic teeth, etc.

Fragments of the walls of dead bacteria, entering damaged tis-
sues, provoke an increase in the production of pro-inflamma-
tory cytokines. Inflammation reaches its peak, which coincides
with the maximum clinical manifestations of OM. The phase
can last up to 10-15 days.

Phase V: Healing phase.

This stage of OM remains the least studied. It is generally
accepted that a decrease in intensity damaging reactions and
tissue repair is controlled by regulatory proteins (including
various growth factors produced by cells and the extracellular
matrix) (Figure 1).

Signals reach epithelial stem cells, stimulate their migration
under the pseudomembrane, proliferation and differentiation,
which ensures the closure of surface defects and restoration of
epithelial thickness within 1-4 weeks. Regeneration of the sub-
mucosal layer is slower, so it takes months to fully restore the
architecture and function of the oral mucosa after severe OM.
The development of OM is played by a range of pro-inflam-
matory cytokines, including tumor necrosis factor (TNF), in-
terleukin-6 (IL-6), IL-1B, nuclear factor kappa B (NFkB) and
ceramide synthase [29,30].

The described pathogenesis model successfully used as a basis
for further development of the problem of OM.

Assessment and recording of OM severity to study pathogene-
sis and evaluate the effectiveness of methods OM management
uses systems (indices, scales) for semi-quantitative assessment
of its clinical signs and symptoms.

Three systems are often used in practice:

WHO Oral Toxicity score (OT WHO), the National Cancer In-
stitute Common Toxicity Criteria (NCI CTC) scale and Oral
Mucositis Assessment Scales (OMAS).

The WHO OT Index combines anatomical, symptomatic and
functional criteria in one scale:

0 — normal condition;

1 — soreness, erythema;

2 — there are ulcers, the patient takes solid food;

3 — there are ulcers, the patient takes only liquid food;

4 — eating by mouth is impossible.

The NCI CTC Index consists of two scores: clinical and func-
tional.

According to clinical scale

1 point; erythema, isolated areas of ulceration and/or pseudo-
membranes

2 points; fused lesions and bleeding during minimal injury

3 points; tissue necrosis, spontancous bleeding, condition

4 points; life-threatening,

5 points; death

On the functional scale, minimal symptoms that do not change
breathing and nutrition,

1 point; the presence of complaints, changes in the nature of
food with the ability to eat and swallow, with altered but inde-
pendent breathing

2 points; pain, inability to receive adequate oral intake of food
and liquids,

3 points; significant respiratory difficulties

4 points; life-threatening symptoms

5 points; death

The OMAS scale involves assessing the clinical condition of
each of 8 areas of the mucous membrane of the upper and low-
er lips, left and right cheeks, the ventral surface of the tongue
on the right and left, the floor of the mouth along with the
frenulum of the tongue, the soft palate and pharynx) accord-
ing to the severity of erythema (0 — normal, 1 — mild/moderate
erythema, 2 — severe erythema) and ulceration of pseudomem-
branous plaque (0 — no signs; 1 — total area of the affected area
S<I ecm2; 2 — 1 ecm2 <S<3 cm2; 3 — S>3 cm2).

Each zone can receive a total score from 0 to 5 points; the final
OMAS value is calculated as the average for all eight zones. In
head and neck cancer, oral cancer treatment may require un-
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Figure 2: Algorithm for the prevention and treatment of chemotherapeutic oral mucositis.

planned interruptions in treatment, which will reduce the in-
tensity of radiation therapy and, as a result, the effectiveness
of chemoradiation therapy may decrease, this may lead to re-
growth of the tumor or lead to a deterioration in quality of life
and reduced survival [31]. OM can significantly worsen the
clinical condition of cancer patients and increase the risk of in-
fection. Resulting from radiation and chemoradiation therapy
can lead to long-term changes in swallowing function, due to
pain and swelling, leading to wasting and weight loss, aspira-
tion of nutrients; insufficient hydration.

In patients receiving only chemotherapy, mucositis occurs in
60% of patients; in patients receiving chemotherapy and ra-
diation therapy in combination, mucositis occurs in 100% of
patients [5,33-36].

Treatment Options and Preventative treatment for
Oral Mucositis

There are now various treatment options available to prevent
and treat oral mucositis.

Oral care protocols for clinical practice associated with can-
cer therapy, developed by the Multinational Association for the
Supportive Care of Cancer (MASCC) and the International So-
ciety of Oral Oncology (ISOO), contain recommendations for
prevention aimed at reducing the severity of oral cancer.

The recommendations emphasize the need to improve educa-
tional programs for health care workers and patients receiving
radiochemotherapy [37,38].

An effective program to reduce the risk of mucositis: oral hy-
giene, constant rinsing of the mouth to reduce the level of oral-
oropharyngeal flora. For mouth rinses, the electrolyte mouth
rinse Kaposol is recommended, containing high concentrations
of calcium and phosphate, which successfully helps eliminate
pain in patients with OM and reduces the severity of inflamma-

tion Cryotherapy has been proposed as a method to reduce the
burden of OM in high-risk cancer patients [39].

In recent decades, approximately three hundred studies of
more than three dozen means/methods of prevention and treat-
ment of OM (Figure 2), of which a few are assessed by experts
as proven effective, dozens - as promising, corresponding to
modern paradigm of OM pathogenesis, but requiring conduct-
ing more thorough and extensive clinical trials [40].

There are different protocols for oral care for cancer patients, in
which the main focus is on prophylaxis and pain relief.

Oral mucositis is one of the extremely serious and complex
complications of chemotherapy and radiation therapy in can-
cer patients [41-43]. To minimize the acute and chronic oral
and systemic consequences of antitumor and radiation thera-
py, evaluation of oral pathology is necessary. Pre-treatment is
aimed at reducing systemic infection, but currently none of the
drugs taken has been able to achieve a full clinical effect. The
literature does not pay much attention to the general treatment
of oral complications in cancer patients. Prevention is impor-
tant, and particular attention is paid to teaching patients about
oral hygiene.

The clinical and economic significance of OM determines the
need for further trials already proposed means and methods in
oncology therapy and the development of new approaches to
prevention and treatment of this pathology.

Conclusions: The clinical and economic significance of oral
complications in cancer patients determines the need for fur-
ther trials already proposed means and methods in oncology
therapy and the development of new approaches to prevention
and treatment of this pathology. The results of the review may
help inform the effectiveness of safe preventive measures for
oral mucositis in cancer patients.
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