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ABSTRACT

In the last decades, there has been a substantial increase in the occurrence of cancer. The most commonly used treatment for this 
disease involves surgery, radiotherapy and chemotherapy. These treatment modalities are associated with different kinds of side effects, 
acute or late. Xerostomia is one of the main oral complications that affect patients undergoing antineoplastic treatments, mainly 
head and neck cancer patients. It is characterized by a “dry mouth” sensation resulting from decreased salivary flow. It is persistent 
and affects the integrity of oral tissues, thereby significantly affecting patients’ quality of life. Many strategies have been applied and 
others developed to prevent and reduce xerostomia. Accordingly, the objective of this study was to review the literature about current 
prevention and treatment measures aimed at improving the quality of life of xerostomic patients. 

Indexing terms: Drug therapy. Disease prevention. Radiotherapy. Therapeutics. Xerostomia.

RESUMO

O câncer vem apresentando um aumento significativo na sua incidência nas últimas décadas. Os tratamentos mais utilizados para tratar 
essas doenças continuam sendo o tratamento cirúrgico, a radioterapia e a quimioterapia. O emprego dessas formas de tratamento 
está associado a diferentes tipos de efeitos colaterais agudos ou tardios. A xerostomia é uma das principais manifestações bucais que 
acometem os pacientes submetidos ao tratamento antineoplásico, afetando principalmente pacientes com câncer de cabeça e pescoço. 
Caracteriza-se pela sensação de “boca seca” decorrente da redução da produção de saliva. Ela é persistente e afeta a integridade dos 
tecidos epiteliais bucais, consequentemente, afetando significativamente na qualidade de vida dos pacientes oncológico. Numerosas 
estratégias estão sendo aplicadas e outras desenvolvidas para a redução e prevenção da xerostomia. Desta forma, o objetivo deste 
trabalho foi revisar a literatura sobre práticas atuais de prevenção e tratamento, que visem à melhora do quadro de saúde dos 
pacientes xerostômico.

Termos de indexação: Tratamento farmacológico. Prevenção de doenças. Radioterapia. Terapêutica. Xerostomia.

INTRODUCTION

Cancer refers to a set of more than 100 diseases 
characterized by the disordered growth of cells, whichcan 

invade tissues and organs. Dividing rapidly, these cells tend 
to be very aggressive and uncontrollable, determining the 
development of malignant neoplasms. According to the 
World Health Organization (WHO), cancer accounts for 
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about one in five deaths worldwide. More than 14 million 
people develop some type of cancer every year, and the 
projection is that this number will grow to more than 21 
million in 2030. According to the estimates of the National 
Cancer Institute(INCA), the most frequent types in Brazil will 
be: in men - prostate (28.6%), lung (8.1%), intestine (7.8%), 
stomach (6.0%) and oral cavity (5.2%); in women - breast 
(28.1%), intestine (8.6%), cervix (7.9%), lung (5.3%) and 
stomach (3.7%) [1].

The strategies for the treatment of malignant 
neoplasms are complex, and of different types. They can 
be performed individually or in combination, and surgery, 
chemotherapy (CT) and radiotherapy (RT) are the most 
used antineoplastic therapies [2].

CT consists in the use of drugs that killrapidly 
growing cells, such as in malignant tumors, by inhibiting 
synthesis or DNAor blocking its essential functions or 
inducing apoptosis. Because it is a systemic treatment, 
healthy tissues can be affected, albeit to varying degrees 
[2].

RT is a therapeutic modality, main or adjunct, widely 
used in the treatment of malignant neoplasms. Its aim is to 
administer a dose of irradiation at a defined volume, with 
the lowest possible damage to adjacent normal tissues, 
resulting in tumor eradication, better quality of life (QoL), 
and increased survival rates [3].

Such treatments are not selective for malignant 
cells, and consequently, they cause damage to normal 
tissues, affecting the QoL of patients. Adverse effects may 
be acute, manifesting during treatment, or late, appearing 
months or years after the end of treatment [4].

One of the most common side effects of CT and 
RT is xerostomia, defined as the subjective sensation of dry 
mouth. It is a consequence of reduced production of saliva, 
called hyposalivation. Xerostomia is responsible for the 
sensation of “dry mouth” and burning mouth, frequent 
complaints of patients submitted to these treatments 
[5]. Reduced salivary flow can impair basic oral functions 
and increase the risk of caries, periodontal disease and 
opportunistic infections, directly influencing patients’ QoL 
[6].

Although it is a common and extremely unpleasant 
change, xerostomia control as well as salivary hypoflow 
mainly consists of palliative treatments, including the 
application of saliva substitutes and stimulants, low-power 
laser therapy and prescription drugs [7].

In view of the difficulty of managing xerostomia 
and its negative impact on patients’ QoL, the objective of 
the present study was to carry out a survey of the current 
literature, searching for new and potential alternatives for 
the treatment and prevention of xerostomia associated 
with cancertreatment.

Xerostomia induced by cancer treatment 

Xerostomia is defined as “dry mouth” sensation. 
It presents symptoms related to the lack of saliva caused by 
a decrease, interruption of loss of quality of salivary gland 
function [8].

In addition to playing a vital role in the protection 
of the oral mucosa, saliva is associated with antimicrobial 
action and protection of the dental structures, and it aids in 
the digestive, gustatory and speech processes [9].

Inadequate salivary function causes discomfort 
to patients, making them more susceptible to multiple 
problems, including poor dental hygiene, propensity 
for oral infections, periodontal disease, rampant caries, 
sleep disorders, oral pain and difficulty in chewing and 
swallowing [10].

Its etiology and modifying factors vary extensively 
and are strongly related to cancer treatment that causes 
damage to salivary gland tissues. However, they may be 
associated with other conditions, such as medications and 
diseases [7].

Xerostomia associated with radiotherapy

RT in patients with head and neck cancer presents 
a series of complications due to the undesirable effects 
of radiation, which since it is a non-selective treatment, 
affects neoplastic cells and healthy cells [3,11,12].

Radiation-induced oral complications are complex 
and dynamic pathobiological processes. There is considerable 
evidence that the cytotoxic effects of ionizing radiation 
are due to the physico-chemical reactions that lead to the 
production of free radicals (FR). These compounds would 
also act as mediators in lesions to salivary gland [13].

Once RT is administered, the radiation exerts direct 
effects on DNA, inducing strand breaks. At the same 
time, there is release of RL and a consequent imbalance in 
oxidative stress reactions, which plays a crucial role in the 
initiation of cell damage in the salivary glands [13].
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  The development of xerostomia also depends 
on multiple factors such as the dose and frequency of RT, 
irradiated volume and site, age, systemic conditions of the 
patient and associated treatments [4].

Studies have shown that glandular tissues are 
highly sensitive to radiation. Doses of 20 Gray (Gy) can 
cause reduction of salivary flow, while doses over 50Gy are 
able to generate irreversible cessation, leading to worsening 
compromised conditions of oral tissues, generally in the first 
trimester after the beginning of RT [5]. Considering that 
the treatment of oral carcinomas usually requires adose of 
60 to 70 Gy, RT may lead to a rapid decline in salivary flow 
during the first week of radiation, with eventual reduction 
of 95% in the region. After five weeks of irradiation, both 
stimulated and resting flow are inhibited, virtually ceasing, 
and rarely fully recover [13]. 

Xerostomia associated with chemotherapy

CT is acancer treatment modality that has a higher 
rate of cure and increased survival14. It is based on the 
administration of drugs that mostlyact on the mitotic 
phase of tumor cells due to cytotoxic action and induction 
of cell death [14].

These cytotoxic actions are systemic, occurring in 
tumor cells and normal cells, causing damage mainly to the 
tissues of the oral mucosa [6,15]. This isdue to  the constant 
process of cell renewal in the oral mucosa, making  it more 
vulnerable to the effects of antineoplastic drugs, where 
many of these cause kill actively growing cells because they 
affect the synthesis DNA, RNA or proteins [15].

Antineoplastic drugs may have a direct effect on 
the oral mucosa by the secretion of chemotherapeutic 
substances in saliva, or indirectly by the suppression of 
the production of immune cells in the bone marrow [14]. 
Drug toxicity appears to be directly linked to reduced cell 
turnover in the basal layer of the epithelium, resulting 
in desquamation, ulceration, inflammation and atrophy 
[14,16]. Exposure of the oral mucosa to drugs seems to 
contribute to the development of pathologies such as 
mucositis, xerostomia and gingival bleeding16. In a study 
conducted by Freire et al. [13], the drugs gemcitabine, 
doxorubicin, fluoruracil and cyclophosphamide showed 
greater cytotoxicity in the oral cavity.

Xerostomia is one of the most common 
manifestations associated with some medications, 

including drugs used for antineoplastic chemotherapy 
such as paclitaxel, carboplatin, cisplatin and 5-fluorouracil 
[14,17].

Xerostomia occurs to some extentdue to the 
concentration of chemotherapeutic agents in saliva, which 
results in exposure of the oral mucosa to toxicity [16,17].

In a recent study, in which 127 patients with 
advanced cancer were evaluated, xerostomia was the 
fourth most reported symptom (78% of patients). The 
degree of xerostomia was related to the total number of 
chemotherapeutic drugs used. Xerostomia was identified 
as the third most disturbing symptom, and its severity was 
related to mouth discomfort, dysgeusia, dysphagia and 
dysphonia [13].

The literature suggests that chemotherapeutics can 
quantitatively and qualitatively alter salivary flow and saliva 
components, such as salivary amylase and immunoglobulin 
A (IgA). This can lead to an increase in salivary viscosity and 
decrease in flow, consequently causing the sensation of dry 
mouth, which causes discomfort in eating and speaking 
and predisposition to oral candidosis, traumatic lesions, 
dysphagia and increase in caries [14,16].

Diagnosis

To diagnose xerostomia, the patient must undergo 
a careful clinical evaluation, which consists in the inspection 
of the oral mucosa, state of hydration, presenced of saliva 
under the tongue and its macroscopic appearance, and 
presence of soft tissue lesions and caries, among others [8].

Salivary flow rates provide essential information 
about the function of the salivary glands. To evaluate 
the secretion and involvement of these glands, several 
methods have been developed, for example, self-reported 
questionnaires, simple functional measures such as observing 
whether a dental mirror adheres to the oral mucosa or if a 
patient can chew and swallow dry biscuits without water, 
andsialometry and scintigraphytests as well [8,18].

Sialometry is the most objective test to evaluate 
the function and volume of saliva [18]. It is a method 
that measures the amount of saliva produced in a given 
time interval [8]. One of the most widely used sialometry 
techniques is the weighing of two cotton balls, after their 
placement for a fixed time on the mouth floor. The ratio 
of the starting weight to the final weight of the rollers 
is converted into milliliters per minute (ml/min). Another 
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widely used methodis based on the stimulation of saliva 
by chewing on a piece of paraffin. Stimulated saliva and 
resting saliva can be collected in a Falcon test tube and 
then compared according to a universal table [19].

Scintigraphy is an examination that consists of 
placing the patient in a scintillation chamber, injecting 
an intravenous drug as a marker and taking images for 
30 min. After 15 min, oral stimulation is performed; the 
injected drug is first concentrated and then eliminated by 
the salivary glands, and the function and excretion of the 
marker by the glands is thereby evaluated [8]. In spite of 
its efficiency, the added cost for this examination makes it 
rarely indicated in clinical routine.

In the precise diagnosis of xerostomia, morphological 
and functional assessments are also proposed, such 
as histological examination, computed tomography, 
magnetic resonance imaging (MRI) and ultrasound. As 
these methods are technically complex and not part of the 
reality in the overall clinical scenario, these assessments 
are mainly based on self-reports from patients, especially 
considering that xerostomia is a subjective symptom [20].

The early diagnosis of xerostomia allows the 
establishment of management strategies that favor the 
reduction of sequelae, providing more comfort and QoL 
for patients. Dentists play an essential role in diagnosing 
and treating patients with xerostomia [21].

Clinical manifestations and complications 
associated with xerostomia

Saliva plays a key role in maintaining oral cavity 
balance [3]. Salivary pH varies between 6.5 and 7.4, 
staying at adequate levels due to its buffering capacity 
[22]. Saliva has several functions, such as tissue repair, 
mouth lubrication, pH maintenance and neutralization of 
acidity, formation of the foodbolus, antimicrobial, antiviral 
and antifungal action, and maturation of dental enamel 
and protection against demineralization.

The first and most common symptom reported 
by patients affected by xerostomia is the discomfort 
caused by dry mouth sensation due to reduced salivary 
flow caused by inadequate glandular function during 
cancer treatment [8,23]. The involvement of these glands 
facilitates aggression to the soft tissues, affecting the 
integrity of the oral mucosa, which is devoid of salivary 
lubrication protection, providing favorable conditions for 
the occurrence of secondary infections [4,5,8].

Modifications produced in the salivary glands 
include actinic and adipose degeneration, in addition 
to fibrosis, with a marked decrease in salivary flow and 
increase in the viscosity of saliva. There are significant 
increases in osmolality and viscosity, andconcentrations of 
lactoferrin, protein, sodium and chloride [22,24].

Changes in saliva composition due to antineoplastic 
therapy, both quantitative and qualitative, cause reduced 
salivary flow, decreased salivary pH, reduced buffer 
capacity, and changes in amylases and IgA activity, 
resulting in acidification of the medium. Also alterations 
in various electrolytes such as calcium, potassium, sodium 
and phosphate occur, creating favorable conditions for the 
establishment and proliferation of oral microorganisms, 
such as mutans streptococci, Candida albicans and 
Lactobacillus spp. Accordingly, this makes patients more 
susceptible to a series of pathologies such as dysgeusia, 
atrophy oflingual papillae, angular cheilitis, halitosis, 
candidiasis, periodontal diseases and development of 
caries [4,5,22-24].

The increase in the incidence of dental caries, 
frequently observed in xerostomic patients, is due to the 
excessive accumulation of dental plaque. In addition, 
patients with xerostomia usually eat sweets and acidic 
foods to alleviate their symptoms, which tends to increase 
the risk of dental caries [23] .

Xerostomic patients also have difficulties with the 
use of prostheses. The lack of saliva decreases the retention 
of the prosthesis, allowingit to shift, causing discomfort to 
the patient [25].

The oral discomfort due to the dry mouth sensation 
becomes even greater, as it negatively affects speaking, 
swallowing and chewing, compromising the patient’s QoL 
and even their adherence to antineoplastic treatment [5,8].

Prevention and treatment 

The importance of oral health care is indisputable 
in the pre-, trans- and post-treatment periods cancer 
patients. It would be ideal for cancer patients to have a 
dental evaluation before antineoplastic treatment, aimed 
at prevent the main oral complications due to RT and CT [26].

The planning of dental treatment should prioritize 
oral hygiene guidance for a better control of possible oral 
complications and control of stomatognathic functions. 
It should be performed with the objective of eliminating 
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sources of trauma, such as orthodontic appliances, poorly 
fitting prostheses, or fractured teeth orrestorations, which 
may damage already fragile mucosa, extraction of septic 
teeth and treatment of periodontal disease, thereby 
preventingopportunisticinfection [26].

The treatment of xerostomia is mainly palliative. 
It can be carried out through the use of masticatory, 
gustatory or electronicstimulants, saliva substitutes 
or systemic agents. Also, alternative methods such as 
acupuncture are cited as a form of xerostomia treatment. 
Currently, methods that protect the salivary glands against 
radiation, such as surgical transfer of the submandibular 
gland, intensity modulated radiotherapy (IMRT), stem 
cell therapy, and other methods are being developed to 
improve the QoL of these patients [27]. The main objective 
of treatment should be the relief of symptoms associated 
with xerostomia as well as its complications [28]. 

Prevention: intensity modulated radiotherapy

IMRT is a modern technique capable of reducing 
the effects of radiation on normal tissues. Compared with 
conventional RT, IMRT provides the delivery ofa specific 
dose of radiation to the tumor, sparing healthy tissues 
[27]. It usehigh technology software that optimizes the 
treatment, where higherdoses are directed at tumor target, 
while decreasing the doses that are received by adjacent 
healthy tissues [18].

In the salivary glands, IMRT can minimize the 
severity of xerostomia and its side effects, since the 
salivary glands that are spared from radiation, receiving 
lower doses, tend to maintain the capacity to regenerate 
over time after treatment, contrary to treatments with 
conventional radiation [4,29].

Despite the high technology employed, IMRT 
cannot be used in all cases. With tumors that originate 
from the midline or cross the midline and in cases of lymph 
node metastasis, it is not possible to use this technique. In 
addition, the cost involved in the use and maintenance of 
this type of equipment is unfavorable to its applicability, 
especially in non-private services [18].

Intensity modulated proton therapy

Intensity modulated proton therapy (IMPT) is a 
similar method as IMRT, where it is used to reduce the 

dose of radiation to normal tissues, significantly mitigating 
the side effects of radiation, including xerostomia [27]. 
It presents intrinsic physical properties that provide the 
capacity to reduce the total dose delivered to the patients, 
maintaining a highly conformal target coverage, in turn 
reducing the toxicity in comparison with current RT external 
beam photons [30].

Dosimetric studies have demonstrated that the 
IMPT allows dose reduction for several normal tissue 
structures, including the submandibular and parotid 
glands, oral cavity, spinal cord and brain stem [30].

IMPT has been shown to be an excellent technique 
to prevent xerostomia, mainly by sparing the salivary glands 
from the effects of radiation. A study using risk models 
for the development of xerostomia demonstrated a 70% 
decrease in side effects [27].

When compared to the IMRT, IMPT achieves 
similar cure rates [30]. In a study by Ramaekers et al. [30] 
who compared the two techniques, it was shown that the 
estimated occurrence of xerostomia and dysphagia at 12 
months was lower for patients who underwent IMPT. IMPT 
was also more effective in all patients, but it is the more 
costly strategy.

Transfer of salivary glands

Surgical transfer of salivary glands can be a 
preventative method to prevent or minimize dry mouth 
sensation. It is a management strategy where,in the 
treatment, all salivary glands are included in the radiation 
fields [31,32]. 

Surgical transfer of the submandibular gland 
can be made into the submental space if it is outside the 
radiation area. This strategy preserves submandibular 
gland function, and as a positive result, radiation-induced 
xerostomia is reduced without altering the oncological aim 
[29,33].

Although it is an excellent technique to prevent 
xerostomia, surgicalmanipulation of the submandibular 
gland has the peculiarity of being an invasive procedure. 
Consideration should be given to the time required for 
the intervention, adequate infrastructure and specialized 
professional, and to fact that this procedure does not 
help patients undergoingCT, since this modality exerts 
a systemic effect, which tends to reduce the number of 
those benefitting from this measure [4].
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Therapy with progenitor cells and stem cells

Recent investigations indicate that transplantation 
of salivary gland progenitor cells is able to restore 
homeostasis of gland tissues, reverse hyposalivation, and 
control xerostomia. These progenitor cells, necessary for 
the maintenance of the tissues, must be collected before 
the antineoplastic treatment and are then transplanted to 
the affected salivary glands after the treatment [27,34]. 

Since 2004, several studies have been carried 
out in which stem cellsof the submandibular and parotid 
salivary glands have been transplanted into animal models 
after RT35. A newly recognized cell population, called 
c-kit+, appears to have the ability to restoreorgan function 
and morphology after radiation of the salivary glands of 
rodents undergoing antineoplastic treatments. Curiously, 
these c-kit+ cells are also found in human salivary glands 
and have the same regenerative potential; however, in-
depth studies on this potential are still need [35,36].

Transfer of genes

Gene therapy may be defined as the insertion of 
a functional gene into certain cells, to correct a cellular 
dysfunction or to induce a new cellular function. It is 
currently being used for the treatment of a wide range of 
human diseases such ascancers, cardiovascular diseases, 
infectious diseases (including HIV/AIDS), neurological 
diseases, ophthalmological diseases and inflammatory 
diseases, among others. Gene therapy has also been 
studied in the maxillofacial region for the treatment of oral 
cancer, salivary hypofunction, xerostomia and orofacial 
pain and for tissue regeneration [27,37].

One of the most important and promising 
applications of gene therapy in dentistry is targeting 
the salivary glands. Two major areas of application can 
be distinguished: prevention and reversal of salivary 
hypofunction and xerostomia and production in the 
salivary glands of therapeutic proteins for local or systemic 
action [27].

Gene therapy is considered an option for salivary 
hypofunction induced in cancer patients who are treated 
and who suffer damage to the salivary glands [27,37].

Transfer of genes into cells can be performed using 
viral and non-viral vectors. Currently, viral vectors are the 
most used, since they lead to a very efficient gene transfer 

and produce high levels of transgenic protein, but they are 
also considered problematic because they present a risk of 
mutagenesis and can trigger innate, cellular and humoral 
immune responses [27,37].

DNA transmission poses less security risks but is 
inefficient in cell transduction; still there are hardly any 
non-viral vectors for the salivary glands [27].

Although most studies have been done in animal 
models such as rodents, there are some studies with 
humans. Clinical investigations have shown that gene 
transfer is safe and effective and that it is an alternative 
to minimizing the effects of RTand improving the QoL of 
patients. However, no oral application of gene therapy is 
ready for routine clinical use in humans, despite its proven 
success in animal studies and recent evidence of utility in 
human clinical trials [36].

Amifostine

Amifostine is a drug known for its potent 
cytoprotective effect. It is used to reduce the undesirable 
effects of certain CT agents and RT, by decreasing the 
production of FR and consequent imbalance of oxidative 
stress [38,39].

After administration, amifostine is transformed 
into an active metabolite by alkaline phosphatase, which 
penetrates the cell nucleus and scavenges oxidative FR, 
preventing chromosome damage [4,28,39]. This active 
metabolite is taken up by healthy cells where it provides 
protection against the harmful effects of RT and CT. It is 
preferentially accumulated in certain tissues, including 
salivary glands, making them less sensitive to damage 
[28,29]. It exerts its protective action inactivating FR and 
inducing cellular hypoxia, thus preventing the fixation 
effect of molecular lesions caused by oxygen (O2). Its 
accumulation in healthy cells is 100 times higher than 
in neoplastic cells, due to the action of cellular alkaline 
phosphatases, vascularization and higher pH in normal 
tissue [4,39]. Thus, it is believed that tumor cells are 
more exposed to the deleterious effects of treatment and 
thathealthy cells are more protected [4].

To reduce the severity of xerostomia, amifostine 
can be used during and after CT and RT. It has the capacity 
to provide direct radioprotection to the salivary glands when 
large part of them is included in the radiation field [28,29]. 
It is given intravenously with a daily dose of 200 mg/m2 
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before each session [4,36,39]. Although the actual range 
of benefits depends on the particular aspects of each 
patient and the treatment established, such as dose, 
fractionation and glandular involvement, amifostine has 
been shown to reduce the occurrence of xerostomia in 
irradiated patients [4].

A limitation of this type of intervention is that the 
intravenous administration of amifostine is accompanied 
by many side effects [36]. Its use is debatedin view of the 
severe adverse effects that it produces such as nausea, 
vomiting and hypotension, and some studies still question 
the potential of protection to the tumor cells [38]. Thus, 
the controversy continues as to whether amifostine is safe 
for use in cancer patients [36].

Tempol

Tempol is a stable nitroxide that provides selective 
radioprotection against salivary gland damage [36]. It is an 
emerging radioprotective drug, administered systemically 
(intravenously and subcutaneously) or topically (mouthwash 
and gel). It has several mechanisms of action, including 
imitation of superoxide dismutase activity, oxidation of 
transition metals and FR elimination, being considered a 
potent antioxidant capable of limiting oxidative stress [40].

Its radioprotective potential was observed when 
administered 5-10 min before radiation [40]. Studies in rats 
indicate that salivary gland dysfunction can be considerably 
reduced by the administration of this agent. In addition, 
tempol tends to provide protection only for salivary glands, 
without protecting tumor tissue [28]. These studies further 
support the development of clinical trials on the use of 
tempol in humans to prevent xerostomia [36,40].

Growth factors

Some preventive treatments of xerostomia include 
systemic administration of growth factors such as insulin-
like growth factor-1 (IGF-1) or keratinocyte growth factor 
(KGF). In studies, both factors have been evaluated in rats 
and shown to protect the salivary glands, preserving their 
functions through two possible mechanisms: increasing 
the survival and proliferation of salivary acinar cells and 
stem cells and suppressing the apoptosis of these cells [40].

The administration of IGF-1 has been shown 
to reduce apoptosis in thesalivary glands induced by 

antineoplastic treatment and to preserve their function, 
suggesting a causal relationship between apoptosis and 
salivary dysfunction [36].

The use of keratinocyte growth factor (KGF), 
administered subcutaneously, before or shortly after CT 
or RT, has been shown to reduce hyposalivation. Its post-
RT administration caused an accelerated growth of the 
group ofprogenitor/stem cells that survived the irradiation 
treatment [36].

The Food and Drug Administration (FDA) has not 
approved IGF-1injectionin humans for several important 
applications, such as diabetes and amyotrophic lateral 
sclerosis, so approval for xerostomia treatmentseems 
unlikely. In addition, further studies are needed on the use 
of growth factors as preventive agents for xerostomia [40].

Treatment strategies

Botulinum toxin

The intraglandular application of botulinum 
toxin has been investigated, and results showed this to 
be a promising pharmacological approach for xerostomia 
induced by antineoplastic treatments. The mechanism 
of action of this treatment is not yet clear; apparently, 
botulinum toxin reduces the secretory activity of the gland 
by reducing nerve stimulation, decreasing the sensitivity of 
acinar tissues to CT and RT [4,40]. Transient denervation of 
the salivary glands occurs, which causes reduced salivary 
secretion, structural and functional alterations, atrophy 
and reduced amounts of secretory granules in acinar cells 
[32].

Studies in animal models demonstrate that if 
botulinum toxin is administered before RT, it can lead to 
temporary glandular involution, which results in decreased 
saliva production during RT; this prevents the concentration 
of radiation where there aresaliva inorganic solutes, which 
can significantly reduce radiation sensitivity [32,40]. In 
addition, botulinum toxin has been shown to increase 
tumor response to RT, suggesting that this treatment 
would not pose the risk of tumor protection [40].

Because botulinum toxin is already an FDA-approved 
drug for many applications, clinicians are likely to be 
inclined to prescribe cytoprotective treatment, but there 
are not yet any experimentally established protocols for its 
clinical use [4,40]. 
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Acupuncture

Acupuncture originated in China more than three 
thousand years ago. It consists of the insertion of needles 
into specific points of the body, called acupoints, which 
are closely related to nerves, blood vessels, tendons, 
periosteums and joint capsules. Thus, direct stimulation 
of the central nervous system is possible. Acupuncture 
aims to regulate the physical, mental, mental and spiritual 
functions, attaining energy balance.

The stimulation of acupoints has the capacity 
to increase the release of CGRP (calcitonin gene-
relatedpeptide) from the nerve endings of the autonomic 
and peripheral nervous system, thus raising the salivary 
flow [8].

A study by Ghazzaoui et al. [7] suggests that 
acupuncture influences the autonomic nervous system, 
which stimulates the salivary glands, to release increased 
amounts of neuropeptides which, in turn, can cause 
blood vessel dilation and increased salivary secretion. It 
was possible to observe that the patients submitted to 
acupuncture had an increase in saliva production and 
consequently an increase in blood flow [8].

Acupuncture is applied in an integral and dynamic 
way and can be used alone or in an integrated way with 
other therapeutic resources. Acupuncture treatment 
should be maintained for at least six months and its effects 
last for up to 3 years [27,29].

It is proven that acupuncture provides benefits 
in the treatment of individuals with xerostomia [8]. The 
stimulation of salivary secretion by acupuncture showed 
promising results in patients who are undergoing or will 
undergo head and neck RT [27]. Among the benefits of 
acupuncture in patients with xerostomia are increased 
salivary flow and improvement in eating, speech and sleep 
quality, providing better QoL to these patients [41,42].

Low-power laser therapy

The late effects of RT and CT are increasingly 
beingaddressed, considering the increase in the life 
expectancy of cancer patients [43]. One possible approach 
to effective treatment for hyposalivation and xerostomia is 
low-power laser therapy [44].

Low-power laser light has demonstrated efficacy 
in the treatment of innumerable complications or diseases, 

as it allows biomodulation of cellular metabolismand 
exerts analgesia and anti-inflammatory effects, without 
mutagenic and photothermal effects [6]. Its effects based 
on modulation of metabolic metals and biochemical and 
photophysical processes, transform the laser light into 
useful energy for the cells [45].

 It is believed to improve local microcirculation, 
induce glandular cell proliferation, and increase cellular 
respiration, ATP production, protein synthesis and 
intracellular calcium levels [43]. Because it is a non-invasive 
technique, affordable and easy to apply, it could be 
available in the clinical routine of oncology services [6].

However, in the literature, there is still 
controversyover low-power laser. While some studies 
suggest that laser would be able to increase residual saliva 
production or decrease dry mouth sensation, other authors 
report only obtaining non-significant improvements [4].

However, considering that this intervention 
is effective in attenuating salivary hypofunction after 
antineoplastic treatments and can maintain the salivary 
flow within the normal range, laser therapy is highly 
desired by patients and may offer a lower impact of CT 
and RT on patients’ QoL [6].

Sialogogues/saliva substitutes

Sialogoguesare any form of salivary stimulant, 
promoting the function of the salivary glands, consequently 
increasing their saliva flow [28]. Stimulants and salivary 
replacements are used as alternatives to control the 
symptoms of xerostomia already established [9].

 The effect of sialogogues can be achieved by 
gustatory or masticatory stimulation or by the use of 
medication [28].

The gustatory form is by the ingestion of citrus 
fruits such as apple and pear or by the use of simple liquids 
such as bicarbonate solutions, water with lemon drops, 
chamomile tea, saline or water containing hydrogen 
peroxide [46]. Saliva stimulation can also be achieved by 
sucking vitamin C tablets. However, the use of water with 
lemon and vitamin C tablet has an erosive action that can 
cause discomfort in the oral and gastric mucosa [9].

In masticatory stimulation, chewing gums without 
sugar are recommended, which usually do not have adverse 
effects [46]. Chewing gum increases salivary flow by the 
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masticatory and gustatory stimulus. The use of chewing 
gum increases the buffering capacity of saliva by increasing 
salivary flow; this increase in salivary flow, in the absence of 
significant production of acid, as occurs in gums sweetened 
with sorbitol and xylitol, increases the pH of saliva and 
biofilm, maintaining pH levels [47]. Edentulous patients, 
individuals with poorly fitting prostheses, individuals with 
temporomandibular dysfunction (TMD), and those with 
intolerance to gum components are contraindicated for the 
use of chewing gums. Chewing gum promotes immediate 
and long-lasting increase in salivary flow [46].

Another non-pharmacological intervention is the 
massage of the parotid gland, used to reduce the damage 
to the salivary glands, reducing the accumulation of 
radioactive iodine [48].

A new alternative for the control of xerostomia is 
the use of thyme honey, which is a propolis gel product. 
It is believed that the presence of honey in the oral cavity 
has a sialagogue effect, stimulating the salivary glands to 
produce more saliva, due to the high sugar concentration 
in honey [49].

There is a long list of pharmacological sialogogues, 
but only two drugs are approved by the FDA for the 
treatment of xerostomia: pilocarpine and cevimeline 
[38,40].

Pilocarpine is a natural alkaloid with a wide range 
of biological targets, acting as a parasympathetic mimic, 
where it is a non-selective agonist of muscarinic receptors, 
mimicking saliva-inducing nerve signals, stimulating 
glandular function, so it does not block the effect of CT 
and RT [4,38-40]. The beneficial effect of this drug depends 
on the dose received by the glands. It is available in 5-mg 
tablets, is given orally three to four times daily, for a dose 
of 5-10 mg every 8 h (maximum daily dose of 30 mg). The 
incidence of adverse effects depends on the dose, which 
are derived from the cholinergic effect: sweating, nausea, 
epiphora, abdominal pain, facial redness, increased urinary 
frequency, diarrhea, bronchospasm, hypotension and 
bradycardia [38,39].

Its effects on irradiated patients remain under 
discussion. In a study by Gaetti Jardim Júnior et al. [4], it 
was shown that dry mouth sensation can be significantly 
reduced, but objective evidence suggests that the effects 
of pilocarpine on salivation may only be limited. Sasportas 
et al. [39] showed that although the increase in salivary 
flow has been shown, there may be no difference in the 

subjective perception of xerostomia. In addition, pilocarpine 
seems to be more effective if given in pretreatment with 
RT, and in post-radiation, it could then have a preventive 
effect.

Sousa et al. [9] reported that pilocarpine applied 
or administered before RT has a protective and preventive 
action in the salivary glands, reducing post-radiation 
xerostomia and optimizing therapy. When pilocarpine is 
administered only after or during RT, it does not produce 
impressive results, with a low percentage of success with 
regard to increased salivary flow, but the symptoms of 
xerostomia are minimized.

The stimulatory effectsof these sialogogues are of 
short duration and disappear once the patient discontinues 
treatment, so these drugs need to be taken for patient’s 
entire life [40-48]. Due to their cholinergic effect, these 
drugs have contraindications such as asthma, chronic 
obstructive pulmonary disease, heart failure, epilepsy, 
hyperthyroidism, glaucoma, gastric ulcer and Parkinson’s 
disease [38].

When salivary function is zero, it cannot be 
stimulated. In these cases, saliva substitutes should be 
used to moisten the mouth [9]. The use of natural saliva 
substitutes in patients who do not respond to drugs, 
gustatory or masticatory stimulation aims to minimize the 
effects of xerostomia on the stomatognathic apparatus 
[4,50]0. Saliva substitutes have been shown to be 
useful in alleviating xerostomia [38]. They have a neutral 
pH, electrolytes at asimilar concentration as natural 
saliva, similar physical properties as glycoproteins and 
antibacterial activity [38,49]. They are marketed in the 
form of moisturizing gels, mouthwashes or sprays [49].

These substitutes are composed of 
carboxymethylcellulose and a mucin base [9]. They should 
be used before meals and before bed, according to the need 
of the patient, and their use can be extended, repeating 
several times a day [46]. Mucin-based products are more 
effective and better tolerated and act longer; they are 
particularly beneficial in irradiated patients [38]. However, 
it is worth trying different types of saliva substitutes in a 
specific patient to select the most effective [36]. The major 
disadvantage of saliva substitutes is the shorter duration 
of relief they provide [49]. There are many products on the 
market such as Bucalsone®, Bucohidrat®, Biotene®, Moi-STIR®, 
Kote® Mouth, Oral Balance®, Salivart®, Xero-Lube, Xerostom®, 
Kin Hidrat, On Care, Xerolacer, Salivan, Halicare andBioextra. 
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These have different compositions and forms, which should 
be considered in their indication [38].

Sialogogues and saliva substitutes are alternatives 
for the treatment of xerostomia. It is important to emphasize 
that for normal production of saliva, the patient needs to 
be hydrated, and therefore, the increase in water intake is 
essential. The prescription of this type of treatment should 
be guided according to the need and acceptability of the 
patient [46].

FINAL CONSIDERATIONS

In this review we were able to address information 
about xerostomia or the dry mouth sensation, which affects 
both treatments and the quality of life of cancer patients.

The search for protective agents against the 
harmful effects of cancer treatments continues to be 
a challenge for oralsurgeons. The forms of prevention 
currently developed have been shown to be effective, but 
they present limitations such as costs and side effects, so 
further in-depth research is needed in animal models and 
in clinical trials.

Treatments show positive results in increased saliva 
production and decreased dry mouth sensation. These 
treatments should be performed for a long period of time, 
some can be for the entire life of the patient.

We conclude that xerostomia treatment is 
multidisciplinary, involving various health professionals, and 
that there are currently several preventive and treatment 
methods that minimize the damage caused by xerostomia.
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