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7.1  Introduction

Due to the superficial location of the salivary glands in the head and neck, salivary 
glands are often damaged when in the radiation treatment field for head and neck 
cancer. Radiation doses as low as 10 Gy have been shown to cause partial damage 
to the glands. The lower limit dose for total and permanent damage varies by study, 
but general consensus agrees that doses 60 Gy and above typically cause permanent 
damage to the glands. The amount of damage to the salivary glands is impacted by 
the cumulative amount of radiation to the area. When salivary glands are damaged, 
a cascade of side effects may occur in the mouth secondary to hyposalivation and 
resultant xerostomia. Xerostomia is a common complaint from head and neck can-
cer patients with a reported 93% prevalence in patients currently undergoing radia-
tion therapy and 74–85% following radiation therapy. Other side effects of 
hyposalivation secondary to radiation treatment include increased bacteriogenic 
flora, reduced buffering capacity, increased dental caries and periodontal disease 
rate, and increased risk for oral infections and ulcerative lesions. Additionally, 
patients may experience pain, difficulty eating or speaking, and reduced quality of 
life. Management strategies for hyposalivation and xerostomia have been aimed at 
salivary gland protection, residual salivary gland stimulation, and symptomatic 
relief with the use of salivary substitutes and mucosal lubrication. Current manage-
ment strategies are often limited by low effectiveness, high risk/benefit ratios, and/
or high cost burden to patients.
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7.2  Normal Salivary Gland Function and Role of Saliva

Saliva has several functions in the mouth including lubrication of the mucosal sur-
faces, mobilization of food debris, formation of food bolus, neutralization of oral 
environment acidity, remineralization of teeth, and assistance with swallowing and 
speech. The three major salivary glands (submandibular, parotid, and sublingual) 
are responsible for 90% of saliva production, while the minor salivary glands con-
tribute the remaining 10%. The submandibular gland contains both mucous and 
serous glands which generate a mixed mucin-rich and protein-rich saliva, respec-
tively. In contrast, the sublingual gland is composed mainly of mucous cells and 
contributes mucous-rich saliva, while the parotid gland is composed of mainly 
serous glands and contributes serous, protein-rich saliva. In normal conditions, the 
submandibular glands contribute 66% of the saliva at rest which is often referred to 
as the unstimulated saliva. During stimulated conditions (i.e., during mastication), 
the parotid gland contributes about 50% of the total saliva production. While the 
minor salivary glands contribute much less volume of saliva, their proper function-
ing is important for lubrication of the mucosal surfaces. Damage to the salivary 
glands leads to hyposalivation and xerostomia which often leads to detrimental con-
sequences for the patients’ oral environment and quality of life.

7.2.1  Hyposalivation and Xerostomia

Hyposalivation represents a pathologically low state of salivary secretion and is 
often defined as an unstimulated flow rate of less than or equal to 0.1 mL saliva/min 
and/or a stimulated saliva flow rate of less than or equal to 0.7 mL/min. Hyposalivation 
often leads to xerostomia, the subjective feeling of oral dryness, which may occur 
when a patient experiences a 45–50% reduction in resting salivary production. 
Hyposalivation puts patients at risk for increased infections, tooth decay, periodon-
tal disease, mucosal trauma, oral pain/discomfort, difficulty swallowing and speak-
ing, and reduced quality of life. Notably, patients may express feelings of oral 
dryness without observed oral dryness or measurable hyposalivation which may 
reflect changes in saliva composition.

7.3 Impact of Cancer Therapy on Salivary Gland Function

7.3.1  Radiation Therapy

The majority of patients receiving radiation for head and neck cancer will experi-
ence hyposalivation and resultant xerostomia of at least a mild-moderate severity 
during and following radiation therapy, with a small percentage of patients report-
ing severe xerostomia late following radiation treatment. The extent of salivary 
gland damage and xerostomia is related to the cumulative dose of radiation received 
by the salivary gland tissue and the volume of salivary gland tissue included in the 
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radiation field. The highest prevalence of salivary hypofunction and xerostomia may 
be anticipated when all salivary glands are included in the radiation field (i.e., for 
treatment of nasopharyngeal carcinoma) with low chance of salivary gland recovery 
if doses reach 60 Gy. The long-term prevalence and severity of hyposalivation and 
xerostomia may be reduced in patients treated unilaterally, at reduced radiation 
doses, and/or by sparing normal tissue from radiation fields through the use of 3D 
conformal radiation therapy or intensity-modulated radiation therapy (IMRT).

A systematic review by Jensen SB et al. found the prevalence of xerostomia from 
a pooled data of patients undergoing conventional radiotherapy, 3D conformational 
radiotherapy, and/or intensity-modulated therapy of the head and neck to be 93% 
during radiation with a slight reduction (73.6–85.3%) 1 month to over 2 years post-
treatment. The severity of xerostomia as measured by a visual analog scale (VAS) 
and grades 1–4 (4 being most severe) revealed highest prevalence of grade 2 xero-
stomia during radiation treatment to 6 months postradiation, grade 1 xerostomia 
6 months to 1 year posttreatment, and a small number of patients experiencing grade 
3 and 4 xerostomia late after radiation therapy. Correlating with the timing and 
severity of xerostomia reported, assessment of salivary flows revealed significant 
decline in both unstimulated and stimulated flows during radiation treatment, 
declining further 1–3 months postradiation treatment and slightly improving after 
6 months to 2 years after completion of radiation (Fig. 7.1). Studies revealed that 
stimulated flow rates were consistently higher than unstimulated flow rates, 
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Fig. 7.1 Pooled and weighted prevalences of xerostomia induced by head and neck radiotherapy. 
RT radiotherapy, Conv. conventional, 3D-CRT three-dimensional conformal RT, IMRT intensity- 
modulated RT, Tx treatment, Mo. months, Yrs. years . (Reprinted by permission from Springer 
Nature: Jensen SB, Pedersen AM, Vissink A, Andersen E, Brown CG, Davies AN et al. A systematic 
review of salivary gland hypofunction and xerostomia induced by cancer therapies: prevalence, 
severity and impact on quality of life. Support Care Cancer. 2010;18(8):1039–60)
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suggesting a residual capacity of salivary gland tissue and role of salivary gland 
stimulants for management of radiation-induced hyposalivation and xerostomia 
(Fig. 7.2).

7.3.2  Chemotherapy

There is insufficient data regarding the effects of chemotherapy agents on salivary 
gland tissue. Several chemotherapy agents are available which have varying mecha-
nisms of action and impacts on tissue. In comparison to radiation therapy, chemo-
therapy and immunotherapy may induce salivary gland hypofunction to a lesser 
degree. Additionally, the effects of chemotherapy and immunotherapy on salivary 
gland tissue are more likely to be temporary and reversible.

7.3.3  Radioactive Iodine Treatment

Patients with thyroid cancer treated with radioactive iodine may experience hyposal-
ivation and xerostomia due to the accumulation of radioactive iodine in salivary 
gland tissue with approximately 30–35% prevalence of dry mouth and a 33% reduc-
tion of salivary flow after therapy.
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Fig. 7.2 Pooled and weighted data of unstimulated and stimulated whole saliva flow changes dur-
ing and after head and neck radiotherapy. Tx treatment, RT radiotherapy, Mo. months, Yrs. years, 
Unstim. unstimulated, Stim. stimulated. (Reprinted by permission from Springer Nature: Jensen 
SB, Pedersen AM, Vissink A, Andersen E, Brown CG, Davies AN et al. A systematic review of sali-
vary gland hypofunction and xerostomia induced by cancer therapies: prevalence, severity and 
impact on quality of life. Support Care Cancer. 2010;18(8):1039–60)
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7.3.4  Conditioning Total Body Irradiation/Chemotherapy 
and Hematopoietic Stem Cell Transplantation

A prospective study by Laaksonen M et al. assessed xerostomia and salivary func-
tion pre- and post-hematopoietic stem cell transplantation (HSCT). Defining 
hyposalivation as stimulated whole salivary flow <0.7 mL/min, the prevalence of 
patients with hyposalivation was highest 6 months post-HSCT (53%) and dropped 
off to 26% by 24 months post-HSCT. A prospective study of 44 long-term survivors 
and their donors (median survival = 17.5 years; range = 11–26 years) post-HSCT 
demonstrated that 53% of patients compared to only 7% of donors reported 
dry mouth.

7.4  Management of Hyposalivation and Xerostomia

7.4.1 Prevention Strategies

7.4.1.1 Limiting Radiation Doses
While there is variation in the proposed minimum threshold amount of radiation 
that results in permanent damage to salivary gland tissue, there is general agreement 
in the literature that radiation doses >60 Gy result in permanent damage. Studies 
suggest that mean doses ranging from <26 to <40 Gy may result in preservation of 
some parotid gland function, while mean doses <39 Gy may result in potential pres-
ervation of submandibular gland function. Treatments aimed at selective targeting 
of cancerous cells, such as with IMRT, may assist in limiting cumulative radiation 
dose to normal tissue by better isolation of target tissue.

7.4.1.2 Intensity-Modulated Radiation Therapy (IMRT)
When available, IMRT is a currently recommended standard treatment for head 
and neck cancer patients aimed at treatment of disease while preventing xerosto-
mia and salivary gland hypofunction. IMRT uses multiple beams with varying 
intensity profiles geared at targeting cancer cells while minimizing radiation to 
normal tissue, such as the salivary glands. As a result, salivary gland tissue may 
receive less cumulative dose of radiation, and function may be spared. Studies 
reveal that parotid-sparing IMRT may serve to reduce the prevalence and severity 
of parotid hyposalivation with resultant reduction in patient experience of xerosto-
mia when patients were followed for more than 1  year. In contrast to patients 
treated with conventional radiation therapy, patients treated with IMRT showed 
better improvement of salivary flows over time postradiation indicating that these 
patients have higher levels of active residual gland remaining posttreatment. 
Additionally, patients with early-stage disease and unilateral involvement may 
have sparing of the contralateral submandibular gland with the use of IMRT, 
though practices are limited to select cases that do not require bilateral radiation. 
For patients that have advanced disease requiring bilateral radiation and/or radia-
tion to critical lymphatics, IMRT may not be able to spare the function of 
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submandibular gland tissue which results in reduction in unstimulated flow and 
altered saliva composition. In a recent study by Lalla et al., preliminary results for 
a larger prospective study of 577 head and neck cancer patients indicated stimu-
lated whole salivary flow declined significantly from 1.09  mL/min pre-RT to 
0.47  mL/min 6  months post-RT in head and neck cancer patients treated with 
IMRT or newer RT modalities. The mean stimulated whole salivary flow at 
6  months post-RT for the different RT treatments included 3D conformal 
RT = 0.38 mL/min, IMRT with or without image guidance = 0.54–0.56 mL/min, 
and proton therapy = 0.80 mL/min.

7.4.1.3 Amifostine
Amifostine is a radical scavenger that has been shown in rat models to preferably 
accumulate in salivary gland tissue and have a radioprotective effect. A recent 
Cochrane Review concluded that there is low-quality evidence to support the use of 
amifostine to reduce xerostomia at the end of RT and up to 3  months post-
RT. Limitations with the use of amifostine, clinically, include possible coincident 
radioprotection on tumor cells and severe adverse effects including hypotension, 
nausea, vomiting, and allergy particularly when administered intravenously.

7.4.2 Secretory Stimulants: Muscarinic Agonists

Both pilocarpine and cevimeline are parasympathomimetics that can improve sali-
vary flow and decrease xerostomia. Pilocarpine has been approved for the treatment 
of radiation-induced xerostomia in several countries. The use of parasympathomi-
metics is dependent on residual capacity of salivary gland tissue function as the 
medication works by stimulating the tissue to secrete saliva via targeting agonism of 
muscarinic receptors on the cell surface. Pilocarpine is commonly prescribed in 
dosage of 5 mg four times per day with maximum recommended dose being 10 mg 
per dose and up to 30 mg daily. Cevimeline (30 mg tabs) can be prescribed up to 
three times per day. Literature data suggests that 50% of patients will benefit from 
oral pilocarpine postradiation with optimum benefits occurring after 8–12 weeks of 
use. Topical use of pilocarpine in the forms of pastilles, lozenges, and mouthwashes 
has also shown promise for treatment of postradiation xerostomia. Benefits of para-
sympathomimetics are use-dependent and observed improvements in hyposaliva-
tion and xerostomia decline with cessation of the medication. Side effects of 
parasympathomimetics include sweating, headache, increased urinary frequency, 
vasodilatation, dizziness, dyspepsia, lacrimation, and nausea, and the medications 
are contraindicated for use in patients with narrow-angle glaucoma, uncontrolled 
asthma, and gastric ulcers. Close monitoring is required for patients with cardiovas-
cular disease and pulmonary disease. Potential medication interactions should be 
reviewed prior to use.
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7.4.3 Gustatory and Masticatory Salivary Stimulants

For patients that maintain residual function of salivary gland tissue, the use of sugar- 
free candies and lozenges may increase whole saliva and improve oral dryness post-
radiation; however, acidic lozenges increase risk of hard tissue damage (i.e., teeth), 
and care should be taken with use. Masticatory stimulation with the use of gum is 
another approach to manage dry mouth, but poses an increased risk for development 
of myalgia and temporomandibular disorder. Use of gum may be limited if such 
symptoms develop. Residual salivary gland function is required in order for gusta-
tory and masticatory approaches to be successful.

7.4.4 Saliva Substitutes/Mucosal Lubricants

Saliva substitutes and mucosal lubricants are often used for symptomatic relief of 
salivary hypostimulation and xerostomia. Products are available in various forms 
such a mouthwashes, sprays, and gels. These substitutes are composed of various 
constituents that serve to resemble the glycoprotein and antimicrobial compo-
nents of saliva such as carboxymethylcellulose and mucin. Saliva substitutes are 
most beneficial when used in patients with severe xerostomia compared to mild-
moderate xerostomia. Higher viscosity products such as gels may provide better, 
longer lasting nighttime relief, while less viscous substitutes may be preferred 
during the day. Due to the substitutes’ limitations including short duration of 
relief and cumulative cost burden over time, patients may prefer frequent use of 
water. A Cochrane Review from 2011 reported that there is insufficient evidence 
that saliva substitutes are better or worse than placebos. Thus, recommendations 
for use may be made according to individual patient preference and perceived 
benefit.

7.4.5  Alternative Management Options

7.4.5.1  Surgical Transfer of Submandibular Gland/
Seikaly-Jha Procedure

Surgical transfer of a submandibular gland into the submental space may be consid-
ered for patients treated with radiation that does not include the submental space. A 
recent phase II study of 40 patients receiving submandibular gland transfer demon-
strated good results in the rate of dry mouth and loss of salivary flow from baseline. 
The technique has been shown to preserve some submandibular function and reduce 
radiation-induced xerostomia. Preliminary data is promising, though careful con-
siderations for case selection, cost, and surgical risks must be considered.
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7.4.5.2 Acupuncture
In patients that have some residual salivary gland function, preliminary research 
reveals that acupuncture may have a role in improving salivary flow rates, reducing 
xerostomia, and improving patient quality of life. A systematic review of three ran-
domized controlled trials indicated an improvement of xerostomia compared to 
control groups and some improvement in salivary flow. Additional studies have 
reported improvements in xerostomia (55% decrease in patients undergoing IMRT) 
with sustained effects lasting up to 3 years. The use of acupuncture may be benefi-
cial with low risks of side effects, though more information is needed to substantiate 
the preliminary research findings.

7.4.5.3 Hyperbaric Oxygen (HBO) Treatment
A cohort of 80 head and neck cancer patients treated with HBO therapy post- 
radiotherapy demonstrated improvement in dry mouth complaints and a slight 
increase in unstimulated and stimulated salivary flows. These patients were treated 
for the prevention or treatment of osteoradionecrosis or soft tissue radiation injury. 
Two earlier reports reviewed revealed possible decrease in xerostomia when patients 
were being treated with HBO perioperatively for prevention of osteoradionecrosis 
of the jaw. Logistics, cost, and side effects will need to be considered before recom-
mending HBO therapy solely for the management of xerostomia and salivary 
hypofunction.

7.5  Discussion and Conclusion

Salivary gland hypofunction and hyposalivation are common problems for patients 
being treated for head and neck cancer and lead to deleterious impacts on patients’ 
oral health and quality of life. Prevention and treatment strategies for hyposalivation 
and xerostomia are limited by low and temporary efficacy, potentially high risk/
benefit ratios, and high cumulative cost burdens. To date, the most commonly rec-
ommended treatment strategies are prevention of salivary damage via radiation 
dose-reduction methods such as IMRT with a combination of patient behavioral 
modifications including increased hydration and use of salivary substitutes. More 
research needs to be done in order to improve prevention and treatment of hyposali-
vation and xerostomia in a more effective, lower cost manner.
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