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Abstract: Nasopharyngeal cancer patients undergoing radiotherapy (RT) are vulnerable to serious
complications in their oral health, especially in salivary glands and dental complications. For the affected
patients who have long-term survived, quality of their lives can be extremely changed by RT. It is important,
as the radiation oncologist, to prevent and manage these complications. The use of sophisticate and modern
technology in RT, oral health education, and pre-RT dental evaluation are the significant ways to prevent
and diminish RT-induced xerostomia. Medications such as cholinergic parasympathomimetic agents have the
capacity to reduce xerostomia symptoms and increase saliva production in the responder patients. For lessen
the dental complications; complete dental care before the course of RT, application of fluoride to patients’

teeth in individual trays, and a comprehensive dental examination every 6 months after RT are strongly

recommended.
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All nasopharyngeal cancer (NPC) required radiotherapy
(RT) to both sides of the neck to cover the bilateral
cervical lymph nodes. This resulted in a larger volume
of salivary glands being irradiated and accounted for late
complications to themselves and also to the nearby organs,
e.g., teeth, mandible. RT may cause permanent damage
to these structures and put the patients at a lifelong risk
of complications. Decreasing of salivary function and flow
can affect the quality of life of patients, i.e., problems in
chewing and swallowing, difficulties in speech, mouth
discomfort, taste alteration, oral infection, and dental caries.
This review aims to summarize the development of late
complications to the salivary glands and teeth following RT
for NPC. Additionally, we also provide prevention strategies
and the management of these late side effects.
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Salivary glands complication after RT for
nasopharyngeal carcinoma

Damage to the salivary glands is a major concern with
RT for NPC. All of the major saliva glands (parotid/
submandibular/sublingual) are the crucial glands for
producing saliva. They produce 70-80% of the total saliva.
Minor salivary glands scattered all over the oral cavity and
pharynx produce a residual of 20-30% (1-3). Parotid glands
produce a watery texture and high protein concentration
saliva. Parotid glands are also the biggest salivary gland and
very sensitive to radiation. Damage to this gland plays a key
role in the generation of late suffering sequelae to NPC
patients.

Lubrication and protection from the microorganisms of
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the oral cavity are the key roles of saliva. Other functions
included preservation of the equilibrium of dental minerals,
keeping the acid-base balance, and maintain hygiene in the
oral cavity. Digestive activity is among the major functions
of saliva. High dose RT delivered to the salivary glands can
damage the structure of salivary gland tissue. The glands are
substituted and infiltrated by the lymphocytes, plasma cells,
and fibrous connective tissue. As a result, glands become
atrophic and fibrotic then the production of saliva by glands
ceases (4,5).

Radiation sensitivity of salivary glands is varied due
to the mixture of serous acinar and mucous cells in their
structure, also the division property in each gland. The
serous acinar cells of the parotid glands are subsequently
the most vulnerable to RT after the serous acinar cells
of submandibular glands (6). Several days after the
commencement of RT, xerostomia, or dry mouth feeling
is the first and most frequent symptom of patients. There
was a report of decreasing saliva production as high to 50%
within 24 hours after RT initiation even with a low dose of
225 ¢Gy (6). If the entire salivary glands are irradiated with
only 1,000 cGy, the saliva production can decrease over
50% and may cause sticky and gluey saliva for the whole
week. With a higher dose to 6,000 cGy, the production rate
declines greater than 75% (7,8). Contrary to several studies,
they demonstrated that the volume of saliva production
drops dramatically after 4,000 cGy of RT (9,10).

Dreizen (7) reported the decrease of saliva production
from 83.3% to 44% and also lower saliva pH from 7.01 to
6.83 after 6 weeks of RT. Simultaneously the alteration pH
of saliva, the increasing concentration of minerals in the
saliva (sodium, chlorine, calcium, magnesium, and protein),
and the decreasing concentration of bicarbonate were
found in their study. The latter is the greatest key factor
in creating acid-base equilibrium in saliva. Bacteria in the
oral cavity and dental plaque produce acids that raid tooth
enamel triggering dental cavities. Bicarbonate balances this
acidity by increasing the pH of saliva.

Protecting the salivary glands during RT

Some investigators explored methods to prevent oral cavity
dryness other than treatment interventions. One of the
methods was the application of pilocarpine concurrent with
RT. One concept proposed that the serous cell damage
during RT causes leakage of granules within the cells
consisting of proteolytic enzymes. They hypothesized
that pilocarpine applied along with RT can avoid this
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damage, consequently lowering the amount of inter-
cellular granules (11). The results obtained from this study
did not support this theory (12). There are randomized
controlled studies comparing patients who did and did not
receive pilocarpine while being irradiated and demonstrated
decreased mouth dryness symptoms together with increased
salivary flow (13,14). Radiation Therapy Oncology Group
study (RTOG-9709) (15) and Princess Margaret Hospital
(PMH) (16) investigated the patients who received RT
more than 50 Gy, covered more than 50% of the major
saliva glands and randomly prescribed the placebo and 5 mg
of pilocarpine three times daily during RT and continued
up to 3 months after RT in the RTOG study while the
patients studied by the PMH were given only 1 month after
RT. In RTOG-9709, the saliva flow rate in patients using
pilocarpine was higher with statistical significance on the
last day of RT and 3 months later. However, no difference
was shown at 6 months following the completion of RT.
PMH study evaluated the efficacy of pilocarpine using
questionnaires, and the results did not show any differences
between the two groups of patients. Some further studies of
the effects of this drug on the patients’ quality of life but no
relations between saliva flow rates and the mouth dryness
were seen.

A radioprotective agent which is called amifostine (WR-
2721) has been reported as a potent agent to protect salivary
glands during RT. It is organic thiophosphate which can
be dephosphorylated by alkaline phosphate enzyme in the
plasma membrane to an active metabolite (WR-1065).
Subsequently, the effective substance WR-1065 will act
as a free radical scavenger caused by ionizing radiation.
Since alkali phosphate enzyme is hardly found in cancer
cells in comparison to normal cells, the enzyme selects to
protect the normal cells much more than the cancer cells.
This could increase the therapeutic index of RT (17,18).
This drug has a very short half-life, therefore it needs to
be injected into the vein immediately before each session
of RT, essentially not more than 15 minutes. The common
side effects are nausea, vomiting, flushing, and low blood
pressure. Brizel et al. (18) performed a large randomized
study that compared amifostine 200 mg/m’ before each RT
session with patients who were not prescribed any drugs.
The subjective assessment of mouth dryness was evaluated
through a questionnaire and the objective assessment was
evaluated by measuring the salivary flow rate. Patients with
Grade 2 or more xerostomia were significantly lower in the
amifostine group. Besides, there was no difference in oral
mucositis and the local control rate between the two groups.
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Anne et al. (19) compared another application form of this
medication via subcutaneous injection instead of intravenous
and found that both of them provide similar efficacy. The
different side effects were that the subcutaneous route did
not cause low blood pressure and had less severe vomiting.

Another strategy to protect salivary glands during RT is
sparing some volume of them from getting a high dose of
radiation by using sophisticated RT techniques. There are
numerous studies with statistical significance about three
dimensions of conformal RT 3D-CRT) as well as intensity-
modulated RT (IMRT) to help partially preserving and
decreasing the RT dose to the salivary glands (20-25). A
systematic review by Gupta et 4/. (26) concluded that IMRT
can significantly reduce the risk of serious acute and late
xerostomia compared to conventional RT or 3D-CRT for
patients receiving a curative dose of RT to the head and
neck region. Eisbruch ez al. (27) provided the subjective
assessment of xerostomia through the questionnaires to
IMRT bilateral neck irradiated patients versus patients
irradiated using normal techniques. One year after RT, the
score of mouth dryness in patients with IMRT technique
was 3.1+0.19 compared with 5.1+0.2. The higher score was
the worst symptom of mouth dryness. They concluded that
the IMRT technique had more useful in decreasing the
mouth dryness. Furthermore, they have demonstrated that
2 years after IMRT, the flow rate of saliva from protected
parotid glands has been back to the same level as before
being irradiated.

Proton, a newer sophisticated RT technique, has been
studied in the prevention of late xerostomia (28). This study
retrospectively compared the self-reported xerostomia-
specific questionnaire between 425 oropharyngeal cancer
(OPC) patients treated by IMRT and 104 OPC patients
treated by intensity-modulated proton therapy (IMPT).
They reported significant reduction of late xerostomia in
the patients treated by IMPT due to decreasing the volume
of the contralateral parotid gland.

Managing late radiation-induced xerostomia

Simulation of the salivary flow by chewing should be
advised to the irradiated head and neck cancer patients with
the symptom of mouth dryness. Dodds et #/. demonstrated
the increased saliva from parotid glands after 1 to 2 weeks
of increasing mastication through daily gum chewing (29).
Moreover, the pH of saliva increased to the appropriate
level within the oral cavity (29). Using cholinergic
parasympathomimetic agents such as pilocarpine is
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suggested to alleviate the symptom of dry mouth in the
patients who still has a response to saliva stimulation. The
study by Curry ez al. reported the benefit of pilocarpine in
enhancing the parotid function in 1964 (30) Since then many
randomized studies supported that it is one of the successful
management of xerostomia (30,31). The appropriate dose
of pilocarpine was studied by LeVeque et a/. (31). The
efficacy and side effects of pilocarpine were tested with a
starting dose at 2.5 mg and titrated to 10 mg, three times
a day for 4 months. Another study by Johnson ez 4l. (32)
performed the randomized trial between pilocarpine versus
placebo. Both studies used questionnaires to assess the
efficacy of this drug (mouth dryness, speaking difficulty,
oral cavity discomfort, chewing, swallowing, and denture
wearing). All of these studies revealed that pilocarpine
significantly improves xerostomia symptoms. Pilocarpine
of 5 mg three times per day was the best dosage. It has
not been demonstrated that using higher than 5 mg per
dose produces better outcomes. The common side effects
are sweating, nausea, palpitations, dizziness, and runny
nose. Nevertheless, no study reported the permanent and
long-lasting salivary flow. One study by Horiot ez a/. (33)
reported that two-thirds of the patients in the pilocarpine
group had significant xerostomia-related symptom
improvement, especially in the swallowing. Based on these
studies, pilocarpine is effective for at least 30-60% of these
patients. Though, at least 3 to 4 weeks may be needed to see
the efficacy of this drug. The dose can be doubled to 10 mg
per dose if the dose of 5 mg is not effective. The period of
6-8 weeks follow-up should be made after prescribing this
medicine. It must be avoided in patients who had clinically
significant uncontrolled cardiac disease, uncontrolled
asthma, closed-angle glaucoma, and other chronic diseases
at risk for cholinergic agonists. The side effects must
be monitored, especially in patients with hypertension,
arrhythmia, renal disease, chronic obstructive pulmonary
disease (COPD), asthma, or patients with a history of
hypersensitivity to cholinergic agents.

We conducted a prospective study to test the efficacy of
placebo versus pilocarpine in the same patient at different
periods (34). Irradiated head and neck cancer patients who
had parotid glands in the RT fields and received the dose of
5,000 ¢cGy or more together with the symptoms of mouth
dryness were included in this trial. All eligible patients
received the placebo three times per day for the first month
followed by pilocarpine 5 mg thrice a day for the second to
fourth months. Subjective assessment was evaluated by using
the questionnaires together with the objective assessment
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by two radiation oncologists at the end of each month. The
symptoms of xerostomia were significantly improved in
all 33 patients for the first time of using pilocarpine. This
efficacy had still been found until the last follow-up time
of the trial. Both subjective and objective measurements
demonstrated that pilocarpine were significantly statistically
better than placebo. The most common complaint was
sweating. Other common side effects include nausea,
palpitation, and lacrimation. However, the latest Cochrane
Database Systematic Review (35) compared pilocarpine with
no treatment or placebo in 12 trials. No differences were
observed in xerostomia symptoms and the flow rate of saliva
both stimulated and unstimulated between treatment groups
at any time points (end of RT] 3 and 6 months). They have
concluded that there was scarce evidence-based to support
the beneficial impact of pilocarpine on improving quality of
life or increasing survival. Cochrane Database Systematic
Review (35) also reviewed the studies of palifermin in the
management of xerostomia and concluded that there is
insufficient evidence to determine whether or not palifermin
reduced the incidence of Grade 2 or more xerostomia up
to 3 months after RT. Data is still lacking to support the
efficacy of this drug on overall or progression-free survival.
In addition to pilocarpine and palifermin, there were several
clinical studies of other interventions, e.g., artificial saliva,
antiseptic mouth-wash, antimicrobial lozenge, bethanechol,
and polaprezinc. Nonetheless, there was insufficient
evidence to support their relevance (35). The latest
systematic review concluded that acupuncture needs more
evidence for support as an evidence-based treatiment option
for dry mouth symptoms from any causes (36).

Patients who developed severe late xerostomia and
no response to every saliva stimulation intervention will
not get any benefit from pilocarpine as well. Moistening
the oral cavity is the goal to alleviate the symptom of dry
mouth. The cheapest and easiest intervention is frequently
sipping water. Saliva substitutes or artificial saliva can
be also used to moisturize the mouth. There are various
types of artificial saliva; polymer-based, mucin-based, and
carboxymethylcellulose (CMC)-based. These artificial saliva
formulas can help lessen xerostomia symptoms. Though,
the outcome of alleviating dry mouth between each formula
did not seem to make a lot of difference. Visch et al. (37)
compared the efficacy of a CMC- and mucin-containing
artificial saliva. They concluded that patients preferred
mucin-containing formulas to CMC-containing formulas
and about 30% of the patients did not gain advantages from
administration these saliva substitutes. Hatton et «/. (38)
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have found that mucin-based saliva substitutes appear to
lubricate better than those containing CMC and also similar
to the human saliva. Other investigators also did not reveal
any xerostomia symptom improvement when using these
substitutes comparing to the placebo (39-41).

Complications of dental and related structures
after RT

Head and neck RT can produce many complications to the
teeth and related structures. As aforementioned, irradiated
and damaged salivary glands lead to functional impairment
of the glands, resulting in hyposalivation and xerostomia.
Without enough saliva as protective fluid in the oral cavity,
diseases of the teeth, periodontium, and oral mucosa occur
more easily than those who have sufficient quantity and
quality of saliva. In addition, ionizing radiation may directly
affect the teeth, periodontal tissue, and taste buds, causing
impairment of those tissues.

Dental caries

It has long been recognized that one of the earliest problems
after RT is dental caries (42-44). Patients with head and
neck cancer who have undergone irradiation may develop
rampant carious dental lesions, known as radiation caries.
Radiation caries has a rapid onset usually without any pain
symptom. It can occur as soon as the first 3 months after
RT. Radiation caries particularly affect the cervical aspects,
incisal edges, and occlusal surfaces of teeth. As a result, the
amputation of the tooth crowns often takes place. In severe
cases, dental caries may progress into the pulp and periapical
tissue, causing pulpitis and periapical lesions. Subsequently,
the teeth may need extracting, leading to a future risk of
osteoradionecrosis (ORN). The etiologies of dental caries in
irradiated patients include hyposalivation and a direct effect
of the ionizing radiation. A recent in vitro study revealed
that direct radiation on teeth could induce alterations of
the mechanical properties, ultrastructures, and chemical
composition of the hard tissue (45). Moreover, damage
to the dentin enamel junction (DEJ) and reduced enamel
crystallinity under irradiation was found to be related to
the formation of radiation caries as described above. As
the dose of radiation escalates, the tooth is more prone to
direct destruction. The radiation doses that increase the risk
of dental caries two to three times are between 30-60 Gy
and the risk drastically increases ten times when the dose is
higher than 60 Gy (46). A more recent cross-sectional study
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Figure 1 Radiation caries. Characteristically, several maxillary
teeth show rampant carious lesions. Complete or partial
amputation of the crowns of the right canine and premolar teeth
is evident. Also, denture-related stomatitis caused by candidal
infection is observed (an arrow) (courtesy of Associate Professor
Dr. Surawut Pongsiriwet, Faculty of Dentistry, Chiang Mai
University).

on the association between IMRT and tooth destruction on
42 patients with nasopharyngeal carcinoma who received
IMRT was conducted (47). The results showed that new
tooth damage occurred at doses of more than 35.8 Gy. It
was suggested that radiation doses to less than 50 Gy should
be planned for patients with nasopharyngeal carcinoma.
Xerostomia is believed to play an even more significant role
in dental caries in irradiated patients. Having a deficiency
of the saliva, irradiated patients are impaired in tooth-
cleansing effects and the process of tooth remineralization,
leading to the accumulation of dental plaque and dental
caries (40). Figure 1 demonstrated the patient with radiation
caries.

"To prevent radiation caries, it is strongly recommended
that all patients should receive comprehensive dental care
and oral health instruction before the course of RT' (42,43).
All dental cavities even the early white spot lesions should
be completely restored or treated. To prevent dental caries,
the most effective strategy is the application of fluoride to
patients’ teeth in individual trays. Additional means include
the use of fluoride varnishes, fluoride mouth rinses, high
fluoride concentrated toothpaste, and fluoride slow-release
devices.

After RT, all patients should be recalled every 6 months
for a thorough oral examination to detect whether or not
the patients are developing dental caries, periodontitis,
or any oral mucosal lesions (42). Appropriate treatments
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should then be carried out in individual patients with
apparent diseases. Short-term follow-up is recommended in
patients with persistent hyposalivation.

ORN

ORN of the jaws is a severe, late-effect complication
particularly of the mandible in irradiated patients with
head and neck cancers (48,49). ORN of the jaws is defined
as exposed bone caused by irradiation that fails to heal for
more than 3 months without any persisting or recurrent
neoplasms (50). ORN may occur spontaneously or be caused
by trauma, particularly after tooth extraction. The incidence
of ORN of the mandible falls in between 2-22% (51).
Recent studies have reported that the prevalence of ORN
significantly decreases due to many factors including the
use of megavoltage RT, improved dental care, and improved
radiation delivery for example IMRT (49,52). The onset
of ORN often occurs from 4 months to 2 years. The risk,
however, remains for life but with a diminished degree.
Clinically, patients with ORN experience a painful symptom
with exposed necrotic bone seen through ulcerated oral
mucosa or skin. Other clinical findings include unpleasant
sensation, halitosis, altered taste sensation, food impaction
on the affected area, fistula opening from the oral mucosa
or skin, infection, and pathologic fractures (51). Risk
factors of ORN include total radiation dose more than
60 Gy, treatment with brachytherapy, concomitant chemo-
radiation, fractionation, poor oral hygiene, poor nutritional
status, alcohol, and tobacco uses, dental extractions, tumor
size and location, and advanced stage tumor. To prevent
ORN, extraction of the teeth that cannot be preserved for
a long time should be considered 2-3 weeks before the
initiation of RT (53). Teeth with periodontal pockets equal
or more than 5 mm and teeth with furcation involvement
should be extracted. Figure 2 demonstrates the patient with
ORN of the mandible.

Management of ORN is always difficult and complicated
due to the chronic and progressive nature of the disease.
In mild cases, a conservative management including
local irrigation with saline solution, NaHCO; or 0.2%
chlorhexidine, prescription of systemic antibiotics,
avoidance of irritations, and oral hygiene instruction is
recommended (52,53). Also, gentle removal of sequestrum
or necrotic bone should be performed. In advanced stages
of the disease for example in patients with intractable pain,
pathologic fracture, or failure to conservative management,
jaw resection and reconstruction with free flap should be
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Figure 2 Osteoradionecrosis. The mandibular alveolar mucosa
where teeth were post-radiation extracted is largely ulcerated,
revealing a typical exposed necrotic bone in an irradiated patient
with head and neck cancer (an arrow). Moreover, the incisal edges
of the mandibular anterior teeth are torn away (courtesy of Dr.

Warit Powcharoen, Faculty of Dentistry, Chiang Mai University).

initiated. In general, determination of the extent of jaw
resection is based on the presence of bleeding at the surgical
edges. Recurrences of ORN can occur even in cases where
adequate resection is performed. Long-term follow-up of
patients with ORN is, therefore, mandatory.

It has long been known that hyperbaric oxygen therapy
(HBOT) may be used as an adjunct treatment in patients
with advanced stages of ORN due to HBOT can stimulate
fibroblast proliferation and collagen formation, and increase
angiogenesis in bone tissue (53). However, previous studies
have shown variable or even discordant results of the benefit
of HBOT in ORN. An earlier systematic review showed
the resolution rates of ORN with HBOT varied from
19-93% (54). A more recent Cochrane review concluded that
HBOT appears to decrease the chance of ORN following
tooth extraction (55). Currently, some on-going multicentre
randomized controlled trials have been carried out to
evaluate the benefit of HBOT with or without medications,
such as tocopherol, pentoxifylline, and clodronate, in patients
with ORN (53,56). Findings from these studies will certainly
shed light on the beneficial role of HBOT in ORN.
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