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Introduction

The saliva is a fluid of extreme importance in the maintenance 
of oral homeostasis, being present in several biologic processes. 
It is composed in almost its totality by water and electrolytes, 
besides proteins such as immunoglobulins and mucins. This 
fluid acts in the lubrication of the mucosa, digestion, phonation, 
gustation, neutralization of acid components and in the immune 
systems through antimicrobial peptides against bacteria, fungi and 
viroses [1-5]. Hyposalivation is characterized by the decrease in 
the capacity of the salivary glands to secrete saliva, and xerostomia 
is defined as the subjective sensation of oral dryness. Such 
alterations can be caused by drugs, systemic diseases, head and 
neck radiotherapy, among other reasons [6]. Patients affected by 
salivary dysfunctions tend to show an atrophic oral mucosa, as well 
as symptoms such as dysphonia, dysphagia, oral burning sensation 
and palate alterations. There is increased risk to oral candidiasis, 
caries lesions and periodontal alterations [7-9]. The diminished 
bactericidal effect of saliva favors the increase of population of the 
microorganisms responsible for these diseases [8,10]. Head and 
neck radiotherapy is one of the main causes of salivary dysfunction 
[11,12]. The major salivary glands are usually included in the 
radiation portals due to the fact that they reside close to primary 
tumor sites and lymphatic chains of the head and neck region and  

 
frequently have their function impaired resulting in hyposalivation 
and xerostomia [11,13-15]. Among the radiotherapy methods most 
employed in head and neck region, conventional 2D radiotherapy 
(RC) is the one that presents the most significant side effects on 
the glandular tissue. Intensity-modulated radiotherapy (IMRT) 
and three dimensional conformal radiotherapy (3DCRT) reduce 
the radiation dose on the health structures close to the tumor and, 
consequently, the toxicity caused by the ionizing radiation [13,16-
20]. The salivary glands are extremely sensitive to ionizing radiation, 
presenting structural alterations which cause changes in salivary 
flow and composition [21]. These alterations are dose-dependent 
and can be irreversible [21,22]. Permanent hyposalivation is 
frequently associated to doses of ≥50 Gy, usually used for head and 
neck cancer treatment [23].

Irradiated patients often present salivary flow lower than 
users of drugs which cause xerostomia and of patients with 
Sjögren syndrome [24]. Many studies have investigated the effects 
of radiotherapy on the morphology of salivary glands. Among 
the microscopic and ultrastructural acute alterations there are 
hypovascularization, cytoplasmic vacuolation, pleomorphism, 
nuclear condensation, and damage to mitochondria and to cell 
membranes of acinar cells. Later there are phenomena such as 
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inflammation, as well as duct dilatation, vascular congestion, 
decrease in the number of acinar cells and in the glandular 
volume, increase in adipose and fibrous tissues, with atrophy and 
parenchymatous degeneration [25-30]. The irradiated salivary 
glands can present a reduction of approximately 50% of their 
weight in comparison to non-irradiated glands [21,25]. Studies 
have been conducted in order to find agents capable of preventing 
the sequelae caused by ionizing radiation on salivary glands [30-
35]. Several modalities such as the use of antioxidant substances 
(vitamins and resveratrol), selective agonists of muscarinic 
receptors, submandibular gland transfer, acupuncture, low-
level laser therapy [34,36-41] have been investigated in clinical 
and laboratory studies in prevention of radiotherapy-induced 
xerostomia. The level of decrease in salivary flow post-radiotherapy 
is dose-dependent and this effect can be aggravated with time 
[32]. The best treatment for radiotherapy-induced hyposalivation 
is prevention since radiotherapy can cause irreversible damages 
to glandular tissues. Thus, the present study aimed to review and 
provide an update in mechanisms for prevention of radiotherapy-
induced salivary hypofunction. An integrative literature review was 
conducted in Medline/PubMed/Lilacs/Bireme databases using 
the terms “radiotherapy”, “intensity-modulated radiotherapy”, 
“xerostomia”, “hyposalivation”, “radiation-protective agents”, 
“amifostine”, “bethanechol”, “pilocarpine”, “vitamin E”, “resveratrol”, 
“acupuncture”, “low level laser therapy” and “submandibular gland 
transfer”. Pre-clinical studies in animal models, meta-analysis and 
controlled clinical trials with preventive character on salivary 
glands were selected and analyzed. Proper references of these 
papers were also reviewed.

Radioprotective drugs 

In order to be considered radioprotective, the substance must 
have the capacity to protect the tissues without causing genetic 
alterations, mutations, damages to the immune system or toxicity 
[29]. Many drugs have been tested, among which the most quoted 

in literature are the cholinergic agonists, such as pilocarpine and 
bethanechol, and the antioxidant substances.

Bethanechol: Bethanecol is a parasympathomimetic drug, 
selective agonist of muscarinic receptors of the parasympathetic 
nervous system, which stimulates the secretory function.37,42 This 
drug is widely employed in the treatment of postoperative urinary 
retention and has been studied in xerostomia treatment, showing 
good results. When employed for xerostomia, the recommended 
dose is of 25-50mg twice to three times a day [37,42,43]. Jham 
et al. [19] assessed the effect of bethanechol in the prevention of 
xerostomia in a clinical trial with 43 patients irradiated on the head 
and neck regions. One group used bethanechol, 25mg, three times 
a day, and the other used artificial saliva during the oncological 
treatment. The major salivary glands received an amount of at 
least 45Gy of radiation. In the bethanechol group, the salivary flow 
not stimulated was of 0.30ml/min, significantly different from the 
control group, which was of 0.18min/ml (p=0.03). Furthermore, the 
participants of the bethanechol group reported less symptoms, with 
lower values in the xerostomia (p=0.05) (Table 1). In a double-blind 
study, bethanechol was used in 42 patients, from the beginning until 
one month after radiotherapy. The 3DCRT and the IRMT techniques 
were used in both groups, bethanechol and control. The group that 
used bethanechol presented an improvement in saliva production 
both in resting (p=0.008) as well as under stimulation (p=0.005) in 
comparison to the placebo group. Besides, the prevalence of grade 
III xerostomia was lower (p=0.004) in the group that received 
bethanechol, even three months after the end of radiotherapy [43]. 
The side effects reported by the patients that used bethanechol were 
facial burning sensation, muscle cramps, nervousness, diarrhea, 
nausea, lacriamation, frequent urination and excessive sweating 
[37]. Bethanechol is contraindicated in cases of hyperthyroidism, 
peptic ulcer, asthma, coronarian arterial disease, gastrointestinal 
diseases, bradicardia, hypotension, vasomotor instability, epilepsy 
and Parkinson disease [44]. 

Table 1: Clinical trials investigating the effects of pilocarpine in radiotherapy-induced xerostomia and hyposalivation 
prevention in patients with head and neck cancer.

Authors Groups and Radiation Doses Pilocarpine Results

Zimmerman et 
al.[27]

CR+Placebo (n=18)

5mg, 4 X a day, orally, 
during radiotherapy and 

until 3 months after.
Less symptoms of xerostomia reported in the Pilocarpine 

group (p<0.01).

CR+Pilocarpine (n=22)

50-74Gy≥45Gy in parotid glands

Haddad & Karimi 
[28]

CR+Placebo (n=29)

5 mg, 3 X a day, orally, 
during radiotherapy and 

until 3 months after.

Six months after radiotherapy the Pilocarpine group pre-
sented better results with significant differences both in 

the subjective (p=0.02) as well as in the objective (p=0.01) 
xerostomia criteria analysis.

CR+Pilocarpine (n=31)

45-70Gy≥40Gy in parotid glands
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Warde et al.[31]

CR+Placebo (n=65)

5 mg, 3 X a day, orally, 
during radiotherapy and 

until 1 month after.

There was no significant difference between the groups. 
Pilocarpine did not decrease the incidence or  

the grade of xerostomia, neither improved quality of life of 
the patients during and following the CR.

CR+Pilocarpine (n=65)

50-70Gy≥50Gy in parotid glands

Burlage et al.[20]

CR+Placebo (n=85)

5 mg, 4 X a day, orally, 
two days before starting 
radiotherapy and until 

14 days after.

There was no significant difference between the groups in 
the salivary flow. After six months, xerostomia scores were 

lower in the Pilocarpine group,  
but with no significant difference to the placebo group. Af-
ter 12 months, the Pilocarpine group presented significant 

difference in the  
incidence of xerostomia (p=0.017) when the parotid 

glands received ≥40 Gy.

CR ilocarpine (n=85)

46-70Gy≥40Gy in parotid glands ≥40Gy in 
submandibular glands

Pilocarpine: Pilocarpine is a drug which stimulates glandular 
function also through the activation of cholinergic muscarinic 
receptors [11,42]. Studies have demonstrated favorable results 
in xerostomia prevention in patients who undergo radiotherapy 
[38,45,46]. Pilocarpine must be ingested in small doses, usually of 
5mg from three to four times a day47 with a maximum daily dose 
of 30mg [11]. Its effect against hyposalivation is immediate, and 
can last up to four hours. Nonetheless, when used in patients post-
radiotherapy of head and neck, its effect can take up to 12 weeks to 
occur [11]. Zimmerman et al. [27] observed that the patients that 
received this drug during radiotherapy and in the three months 
following it showed less symptoms of xerostomia.

In a meta-analysis, Yang et al. [29] reviewed the use of 
pilocarpine as a method for radiotherapy-induced xerostomia 
prevention. The analyzed studies showed that pilocarpine increased 
the non-stimulated salivary flow in the first 12 months of follow-up. 
The authors concluded that pilocarpine can improve the quality of 
life of irradiated patients. However, since it is a cholinergic drug, 
patients can present side effects such as nausea, lacrimation, 
sweating, frequent urination, rhinitis, low intensity headache and 
gastrointestinal disturbs. Pilocarpine is contraindicated for patients 
with chronic diseases such as asthma, cardiopathies, epilepsy, 
angle-closure glaucoma, hypothyroidism, Parkinson disease and 
anyone using other adrenergic antagonist drugs or drugs with 
parasympathomimetic or anticholinergic effects [42,46-49]. 

Amifostine: Amifostine has been researched since the 1950 
decade for the prevention of damages to tissues adjacent to 
tumors treated through radiotherapy and chemotherapy, because 
it has antioxidant properties, acting against free radicals. The 
American Society of Clinical Oncology (ASCO) and the US Food 
and Drug Administration (FDA) recognized its radioprotective 
effect on healthy cells [50]. Table 2 shows clinical trials assessing 
the radioprotective effect of amifostine in patients with head and 
neck cancer. The effect of amifostine in the prevention of salivary 
alterations was assessed through meta-analysis that included 1167 
patients with head and neck cancer who underwent radiotherapy 
or radiochemotherapy. Amifostine prevented chronic and acute 
xerostomia in irradiated patients. In patients treated through 
chemotherapy and radiotherapy, amifostine prevented chronic 
xerostomia, but it was not effective on acute xerostomia [51]. 
The side effects that patients using amifostine can present during 
oncologic treatment are arterial hypotension, nausea, vomits, 
asthenia, fever, mucositis, tachycardia, bronchitis, allergic reaction 
and rash [33,52,53]. The higher the applied dose, the more severe the 
side effects related to amifostine. Furthermore, chemotherapeutic 
drugs can increase this drug’s toxicity [52,53]. Patients allergic 
to products of aminothiol and manitol basis, pregnant or breast-
feeding women, people older than 70 and younger than 18 years 
old, people that are dehydrated, who are using antidepressant drugs 
or drugs that trigger hypocalcemia, who present cardiovascular or 
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cerebrovascular diseases, severe renal or hepatic impairment or 
hypocalcemia risk are contraindicated for the use of amifostine 

[54,55]. Although it is widely studied, amifostine still has not had 
its mechanism of action completely clarified [56]. 

Table 2: Clinical trials assessing the effect of amifostine in the prevention of radiotherapy-induced xerostomia and 

hyposalivation in patients with head and neck cancer.

Authors Groups and Radiation Doses Amifostine Results

Buntzel et 
al. [55]

CR (n=14)

500mg/m2 daily, 
EV, from 1st to 

5th and from the 
21st to the 25th 
days of chemo-

therapy

100% of the CR group presented 
grade II xerostomia, while 12% of the 

RC + Amifostine group (p=0.0001) 
presented this score.

CR+Amifostine (n=14)

≤60Gy ≥75% of the parotid glands were included in the radiation field.

Brizelet al. 
[5]

CR (42Gy) (n=150)
200mg/m2 daily, 

EV, 15-30min 
before each 

session of CR.

Reduction in grade ≥2 xerostomia sig-
nificantly superior in the amifostine 
group in comparison to the control 

group (p<.0001). The drug prevented 
hyposalivation without reducing CR 

efficacy.

CR (60Gy) + Amifostine- (n=153)

≥75% of the parotid glands were included in the radiation field.

Buentzel et 
al. [15]

CR+placebo (n=65) 200 or 300 
mg/m2, 30 min 

before each 
session of CR.

Xerostomia levels did not differ 
among groups. Acute grade ≥2 

xerostomia: 39% in amifostine group 
versus 34% in placebo. Late grade ≥2 
xerostomia: 39% in amifostine group 

versus 24% in placebo.

CR+Amifostine (n=67)

60-70Gy≥75% of the parotid glands were included in the radiation field.

Jellema et 
al. [35]

CR+placebo (n=31)

200mg/m2, 
EV, 15-30 min 

before CR.

After six months the prevalence of 
xerostomia was significantly lower 
(p=0.03) in the amifostine 5x/week 
group in comparison to the others. 
However, after this period the pa-

tients started to show chronic symp-
toms of xerostomia and there was 

no significant difference among the 
groups that used amifostine (p=0.81).

CR+Amifostine 3x/week (n=30)

CR+Amifostine 5x/week (n=30)

40-70Gy

Rudat et al. 
[5]

CR (n=34)

200ou 340 mg/
m2, EV, 15-30 

min before 
each session of 
radiotherapy.

In the first 12 months only the 
IMRT group showed preservation 

of parotid function, with significant 
difference in comparison to the CR 
+ Amifostine group (p<0.01) and 

CR group (p<0.001). However, after 
13-45 months the same groups did 

not significantly differ in scintigraphy 
exam (p=0.07). The CR+Amifostine 

group significantly differed from the 
CR group in the period of 13 to 47 

months after radiotherapy (p=0.02).

CR + Amifostine (n=35)

IMRT (n=31)

60Gy

60.7Gy in parotid glands in the CR and CR+Amifostine

30.9Gy in parotid glands in the IMRT group

CR: Conventional Radiotherapy), IMRT: Intensity-Modulated Radiotherapy; EV: Endovenous
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Vitamin E: Due to its high antioxidant power, vitamin E 
(α-Tocopherol) has been analyzed as a radioprotective agent in 
the small bowel, thyroid gland and salivary glands [30,36,57-59]. 
Ramos et al. [18]. analyzed the radioprotective effect of vitamin 
E in salivary glands of irradiated rats (15Gy). Vitamin E was 
administered in doses of360mg/kg, 24, 48 and 72 hours before 
radiotherapy. After 30 days of radiotherapy, a recuperation of 
salivary flow was observed in the irradiated animals that had 
received vitamin E, suggesting late protection over the salivary 
glands. Gomes et al [40]. did not observe differences in the number 
of acinar cells between animals treated with vitamin E and placebo 
30 days after the radiotherapy (15Gy).On the other hand, Abedi 
et al.[12], in a study with rats, demonstrated that microscopic 
alterations in irradiated parotid glands, such as vacuolation, ductal 
dilatation, vascular congestion, lysis of acinar cells and fibrosis 
were less evident in the animals treated with vitamin E. Chitra et al. 
[42] analyzed the salivary flow, pH levels, salivary amylase, sodium, 
potassium and salivary total protein concentration in the saliva of 
irradiated patients (n=89) who received vitamin E simultaneously 
to radiotherapy. Patients received 400 UI/day of vitamin E, orally, 
during three or six weeks (five days a week). There was no decrease 
in salivary flow in comparison to the beginning of the treatment after 
the three first weeks of radiation. On the other hand, the irradiated 
control group had a significant decrease of the salivary flow in the 
same period (p<0.001). After six weeks of radiotherapy, patients 
that used vitamin E presented higher levels of pH, salivary flow, 
potassium (p<0.001), salivary amylase activity (p<0.01), proteins 
and sodium (p<0.05), in comparison to the control group. In a 
prospective, randomized, double-blind, placebo-controlled study, 
Chung et al. [17] assessed the radioprotective effect of vitamins C 
and E on salivary glands in 45 patients with head and neck cancer. 
A pill containing 100UI of vitamin E and 500mg of vitamin C was 
given twice a day, beginning one week before radiotherapy until 
one month after. IMRT technique was used, the average radiation 
dose on the parotid glands was of 12Gy for the control group and 
14Gy for the group that took the vitamins. In the submandibular 
glands, the radiation dose was of 25Gy and 23Gy in the two groups, 
respectively. The xerostomia scores were high one month after the 
end of radiotherapy in both groups; however, in the patients that 
used the vitamins there was significant reduction of these scores 
after five months. The study showed that the use of vitamins C and 
E had a beneficial effect in patients irradiated on head and neck, 
preserving part of the salivary function.

Resveratrol: Resveratrol is a polyphenolic substance mainly 
found in the red wine, in the red grape skin and also in peanuts. 
It is known for its antiinflammatory, antioxidant, vasodilating, 
antitumoral, anti-aging, among other properties. Moreover, it is 
related to the modulation of transcription factors, inhibition of kinase 
proteins, suppression of antiapoptotic genes and inflammation 
mediators [43]. Some studies suggest that resveratrol can present 
radioprotective potential [28,44]. In irradiated rats, resveratrol 
diminished apoptosis and enhanced cell tolerance to oxidative 

stress in the hippocampus. In the presence of this substance, there 
was an increase in the activity of Sirt-1 enzyme. Şimşek et al [16] 
observed, in Wistar rats, that resveratrol in high dosages protected 
the salivary glands from the harmful effects of ionizing radiation. 
The animals underwent total body irradiation, in a single dose of 
7.2Gy, 24h after the infusion of intraperitoneal resveratrol in doses 
of 10mg/kg or 100mg/kg. The group that received 100mg/kg of 
resveratrol showed a higher preservation of acinar structure and 
diminished necrosis in submandibular glands when compared to 
the group of 10mg/kg or the control group (p<0.05). 

Another in vivo study evaluated salivary flow and morphologic 
and biochemical alterations in submandibular glands of mice 
who underwent radiotherapy and treatment with resveratrol. An 
intraperitoneal infusion of resveratrol was administered in doses 
of 20mg/kg a day, in the three days before radiotherapy (15Gy) 
and 30 minutes before the procedure. Resveratrol prevented the 
radiotherapy-induced hypofunction in submandibular glands. 
Salivary flow in the animals that received resveratrol treatment 
was significantly higher in the 24h (p<0.01) and 30 days (p<0.05) 
periods after radiotherapy. Moreover, there was no significant drop 
in superoxide dismutase enzyme in the experimental group. In 
the histological evaluation of submandibular glands, eight hours 
after the irradiation, the control group presented modifications 
such as acinar vacuolization, nuclear alterations and inflammatory 
infiltrate. These were even more evident throughout time and, 
after 30 days, fibrosis was observed. Furthermore, the group that 
received resveratrol presented milder alterations in relation to 
vacuolization, inflammatory infiltrate, as well as the absence of 
fibrosis in all of the periods [10]. 

Other radioprotective methods

Other non-pharmacological methods for radioprotection of 
salivary glands have also been researched, such as acupuncture, 
low level laser therapy and submandibular gland transfer.

Acupuncture: Acupuncture is a possible method for prevention 
and treatment of xerostomia and hyposalivation associated to 
radiotherapy [45]. Braga et al. [22] in a study with irradiated 
patients (n=24) in head and neck regions (≥50Gy), observed that 
acupuncture diminished the grade of xerostomia in comparison to 
the control group. Between 16 and 20 acupuncture sessions were 
performed along the whole anti-tumoral treatment, reaching local 
(ST-3, ST-4, ST-5, ST-6, ST-7, GB-2, SI-19, TB-21), distal (LI-4, LI-11, 
LR-3, ST-36, KI-3, KI-5, GV-20) and auricular points (Shen -Men, 
central nervous system, neurovegetative system, kidney, spleen, 
pancreas and mouth), totalizing 29 points in each session. Salivary 
flow, both in resting as well as under stimulation, was significantly 
higher in the acupuncture group (p<0.001). Moreover, the patients 
also complained less about oral mucosa burning sensation, pain 
and dysgeusia.

In a controlled study involving 86 patients irradiated on head 
and neck regions, Meng et al. [46] used acupuncture three times a 
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week, concomitantly to radiotherapy (média de 71Gy). In the first 
11 weeks after the end of treatment, the group that underwent 
acupuncture sessions presented salivary flow in resting and under 
stimulation significantly higher than the control group. Six months 
after the treatment there was no significant difference between the 
groups for salivary flow in resting. However, salivary flow under 
stimulation remained significantly superior in the acupuncture 
group. Furthermore, patients who underwent acupuncture sessions 
presented less xerostomia symptoms in comparison to the control 
group. In a systematic review, Zhuang et al. [45]. concluded that the 
acupuncture used to prevent xerostomia in patients with head and 
neck cancer has little or no side effects. Although studies suggest 
efficacy in combating xerostomia, there are still no clear evidences 
for the acupuncture to be considered a standard treatment in 
oncologic treatment centers.

Low Level Laser Therapy (LLLT): The effect of LLLT on 
salivary glands is a source of discussions in literature. There are 
few studies that support the effect of this therapeutic alternative 
on saliva’s production and the modification of its composition. 
Studies suggest that low level laser, through photophysical and 
photochemical reactions, acts on cellular metabolism, inducing 
cellular proliferation and protein synthesis. According to the 
authors, LLLT can enhance local vascularization of irradiated 
salivary glands [23,47,48]. Acauan et al. [23] investigated the effect 
of LLLT in the prevention of radiotherapy-induced alterations in 
the parotid glands of mice. The LLLT (830nm, 100mW, 0.028cm2, 
3.57W∕cm2) was applied punctually in the region of the parotid 
glands with the energy of 2J (20s, 71J ∕cm2) or 4J (40s, 135J ∕cm2) 
immediately before the radiotherapy session (10Gy) and 24h after 
it. The method preserved acinar structure, reducing the incidence 
of vacuolization and apoptosis, mainly when the 4J protocol was 
applied. Lopes et al. [49] in a controlled study, assessed LLLT’s 
effect in the prevention of salivary glands hypofunction in 60 
patients with head and neck carcinoma who underwent chemo and 
radiotherapeutic treatment. 

The laser of InGaAlP (685nm, 35mW) was employed in doses 
of 2J/cm2 per point over the jugal mucosa, floor of mouth, tongue, 
tonsillar pillar, uvula, submandibular and parotid glands, during 
58 seconds. Patients who underwent laser therapy presented 
stimulated and non-stimulated salivary flow close to normal, with 
significant difference (p<0.001) when compared to the control 
group. Gonnelli et al. [47] performed 21 sessions of laser therapy 
(InGaAIP) intra and extraoral, three times a week, in alternate 
days, during radiotherapy (66-70Gy) and chemotherapy (cisplatin 
40mg/m2 weekly) in head and neck cancer patients (n=23). For 
the intraoral application, a 660nm wavelenght, 40mW potency 
and 10J/cm2 dose for 10 seconds per point were employed. For 
the extraoral application, a 780nm wavelenght, a 15mW potency 
and a 3,8J/cm2 dose for 10 seconds per point was used. Saliva 

production with or without stimulation was assessed previously 
to the first radiochemotherapy session and 30 days after the last 
session. Salivary flow, both in resting (p=0.014) as well as under 
stimulation (p=0.013) was significantly higher in the laser group. 
In another study, Gonnelli et al. [48] using the same described 
parameters, evaluated the effect of LLLT in non-stimulated saliva 
production in patients with head and neck cancer (n=27) treated 
with radiotherapy (66-70Gy) and chemotherapy. The patients 
were evaluated in different periods: before radiotherapy, after 
15 sessions, after the last session, 30 and 90 days after the end 
of treatment. Patients of the laser group showed salivary flow 
significantly higher than the control group after the 15th session 
of radiotherapy (p=0.015), at the end of the radiochemoterapy 
treatment (p=0.014) and 30 days (p=0.023) after the conclusion 
of the oncological treatment. Nevertheless, after 90 days from the 
end of treatment, there was no significant difference between the 
groups regarding salivary flow.

Submandibular gland transfer: Submandibular gland 
transfer (SGT) is also a procedure used to prevent salivary glands 
hypofunction, improving the quality of life of the patients that 
will undergo radiotherapy on head and neck regions [50]. It 
is performed through a surgical procedure of transferring the 
submandibular gland to the submental region. The SGT is indicated 
for patients with primary tumors of the posterior region of the 
oral cavity, oropharynx, nasopharynx and larynx who do not 
have impaired lymph nodes. In the Table 3 are described clinical 
trials assessing the effect of submandibular gland transfer in the 
preservation of salivary flow in patients irradiated in the head and 
neck region. Sood et al [51]., through a meta-analysis, investigated 
the incidence of xerostomia, maintenance of salivary flow (during 
and after radiotherapy) and perception regarding the maintenance 
of glandular function in patients who underwent submandibular 
gland transfer. In 82.7% of 177 cases, SGT prevented radiotherapy-
induced xerostomia. Nevertheless, ionizing radiation decrease 
both stimulated and non-stimulated salivary flow 2-3 months 
after the end of radiotherapy. However, after 10-12 months there 
was a salivary recovery, reaching 76% of stimulated and 88% 
of non-stimulated flow in comparison to the baseline. Wu et al. 
[52] also investigated through meta-analysis the effect of SGT on 
radiotherapy-induced xerostomia. Twelve studies were analyzed, 
in which 369 patients were treated. The SGT was capable of 
reducing in 69% the incidence of acute xerostomia and in 81% of 
chronic xerostomia. The SGT does not interfere in the efficacy of 
the oncological treatment. After five years of follow-up, there is no 
significant difference in survival rate of patients who underwent or 
did not underwent SGT [52,53]. Yet, this kind of procedure also have 
disadvantages. The patient must undergo surgery, which can lead to 
complications, and needs pre and postoperative care. Moreover, the 
described method is only applied to submandibular glands.
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Table 3: Clinical trials assessing the effect of submandibular gland transfer (SGT) in the prevention of radiotherapy-

induced xerostomia and hyposalivation in patients with head and neck cancer.

Authors Groups and Radiation Doses SGT Results

Seikaly et 
al. [56]

CR (n=12)
Surgery performed 4-6 

weeks before the CR.
After 2 years of radiotherapy, the SGT group still presented salivary 

flow significantly superior to the control group (p<0.005).CR+SGT (n=26)

50-70Gy

Jha et al. 
[57]

CR+SGT (n=60) Surgery performed 4-6 
weeks before the CR. 

Pilocarpine: 4X/day, from 3 
days prior to the CR until 3 

months after it.

At 3 and 6 months after the CR, the SGT group produced higher 
amount of non-stimulated (p=0.036 and p=0.001) stimulated saliva 
(p=0.002 and p=0.003). The incidence of xerostomia was lower in 

the SGT group after 3 and 6 months from the radiotherapy (p=0.038 
e p=0.017). After 6 months, there was no significant difference be-

tween the groups regarding palate alterations (p=0.548), swallowing 
(p=0.305) and phonation (p=0.092).

CR+pilocarpine (n=60)

54-70Gy

Liu et al. 
[53]

CR (n=34)
Surgeries performed 2 
weeks before the CR.

At 3 and 60 months after the CR, the incidence of mild and severe 
xerostomia in the control group was of 76.5% and 78.6% and in the 
SGT group of 13.9% and 12.9%, respectively (p=0.000). The volume 
of saliva was higher in the SGT group after 3 and 60 months from the 

CR, with significant difference in comparison to the control group 
(p<.0001).CR + SGT (n=36)

60–70 Gy

Rieger et al. 
[58]

CR + SGT (n=36)

Surgery performed previ-
ously to the beginning of 

the CR.

In the first 6 months, the patients who underwent SGT presented 
better results, with significant difference in comparison to pilocar-

pine group (dysphagia, p<0.001; xerostomia, p=0.001; viscous saliva, 
p=0.03). After one year, the SGT group sustained better results in 

comparison to the pilocarpine group.

CR + pilocarpine (n=33)

54-70 Gy

80% of the major salivary glands 
(parotid) were included in the 

radiation field with ≥50 Gy

Zhang et al. 
[54]

CR (n=14) - 40-60 Gy Surgery performed 1-2 
months before the CR.

Salivary flow in the control group drastically dropped shortly after the 
radiotherapy. There was significant difference between the groups in 
salivary flow in resting and under stimulation 1, 3, 6 and 12 months 

after the CR (p≤0.006). SGT did not prevent dysphagia.CR + SGT (n=24) - 50-70 Gy

Zhang et al. 
[59]

CR (n=33)
Surgery performed previ-
ously to the beginning of 

the CR.

Three, 6 and 12 months after radiotherapy, the SGT group showed 
lower incidence of mild and severe xerostomia, significantly differing 
from the control group (p<0.001). The symptoms continued to dimin-
ish along the time. Five years after the CR, patients of the SGT group 

presented salivary flow superior to the ones of the control group 
(p<0.001).

CR + SGT (n=32) 

65–75 Gy

CR: Conventional Radiotherapy; SGT: Submandibular Gland Transfer.

Discussion

Radiotherapy frequently causes irreversible damages to 
salivary glands, and xerostomia is one of the most frequent 
complaints of patients irradiated on head and neck region. In the 
present review, resources capable of preventing radiotherapy-
induced xerostomia were considered, because a prophylactic 
approach can save recovery time and medical care, spare the 
patients from physical and emotional exhaustion, as well as being 
less burdensome to patients and health care services. Preventive 
pharmacological methods were approached, such as the use of 
cholinergic agonists (pilocarpine and bethanechol), antioxidant 
substances, acupuncture, LLLT and submandibular gland transfer. 
Bethanechol and pilocarpine are muscarinic agonist drugs whose 

effect on salivary dysfunctions treatment is well established 
[19,24,25]. Pilocarpine, although widely studied in the prevention 
of radiotherapy-induced xerostomia, presents controversial 
results. While Zimmermann et al [27]. and Haddad & Karimi [28] 
evidenced positive results of this drug in the prevention of salivary 
dysfunctions, Warde et al [31]. and Burlage et al [20]. demonstrated 
no preservation of glandular function in irradiated patients. As to 
bethanechol, even though the results are positive, only two clinical 
trials assessed its effect in the prevention of radiotherapy-induced 
xerostomia [19,2545]. Amifostine is the most widely used drug for 
the prevention of xerostomia in patients irradiated on head and 
neck regions due to its antioxidant properties [18,23,33,51,53]. 
However, the results of these studies are also controversial. For 
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Buntzel et al [55]. and Brizel et al [5]. amifostine was effective in the 
control of xerostomia, but Jellema et al [35]. showed preservation 
of glandular function only in the first 6 months of evaluation. On the 
other hand, Rudat et al [5]. and Gu et al [33]. believe in the late effect 
of amifostine against radiotherapy-induced xerostomia. Regarding 
vitamin E, two clinical trials demonstrated satisfactory results in 
the prevention of radiotherapy-induced salivary dysfunctions 
[35,42]. As to resveratrol, there are no clinical results, once the 
studies were conducted only in animal models [28,34]. The SGT 
has presented good results regarding the prevention of xerostomia 
in patients who underwent radiotherapy [53,54]. Nonetheless, not 
all of the patients are eligible for this kind of procedure, such as 
patients with level I neck and ganglia involvement in both sides. 
Clinical trials also corroborate the efficiency of acupuncture to 
prevent radiotherapy-induced xerostomia. However, besides being 
scarce and heterogeneous, it is impossible to make double-blind 
studies with this technique. The low level laser therapy, even if still 
little studied in prevention of radiotherapy-induced xerostomia, 
has presented positive results in animals and in humans [23,47-
49], suggesting it might be used as a preventive method for 
xerostomia in patients who undergo radiotherapy. At this point in 
time, however, there is no procedure or drug capable of completely 
preventing the development of radiotherapy-induced xerostomia 
and hyposalivation. Controlled clinical trials are yet necessary in 
order to find therapeutic modalities that preserve the structure of 
the salivary glands exposed to ionizing radiation, preventing the 
occurrence of hyposalivation and xerostomia.
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