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Pathophysiology and Management
of Radiation-induced Xerostomia

Lawrence B.Berk, MD, PhD, Anand T. Shivnani, MD, and William Small, Jr., MD

adiotherapeutic treatment of head and
neck cancer patients often causes long-
term detriment to their quality of life. The
three most important problems resulting
from use of this modality that have been cited by
patients involve salivary function, swallowing, and
taste. All three of these domains are affected by ra-
diation-induced damage to the salivary glands [1].

Salivary Glands
ANATOMY

Within the mouth and throat are three paired
sets of salivary glands: the parotid glands, the
submandibular glands, and the sublingual glands
plus multiple minor salivary glands (Figure 1) [2].
The largest of the salivary glands, the parotids, are
located in the space between the outer ear canal
and the mandibular ramus and extend in front of
the posterior portion of the mandible. The facial
nerve (cranial nerve VII) runs through the pa-
rotid gland. The path of the facial nerve is used
by surgeons to denote the separation of the super-
ficial parotid glands from the deep parotid gland;
however, there is no anatomical correlation with
this separation.

The submandibular, or submaxillary, glands
are located between the digastric muscles and
the mandible. Whereas the parotid glands are not
palpable, the submandibular glands can be. The
sublingual glands are a pair of small salivary glands
located at the anterior floor of the mouth in the
submental area. Multiple small accessory salivary
glands—the labial, buccal, palantine, lingual, and
incisive glands—are located in the tongue and the
gingival and oropharyngeal mucosae [3].
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Abstract Radiotherapeutic treatment of head and neck cancer patients
often causes long-term dysfunction involving their salivary function,
swallowing capabilities, and taste. Salivary gland dysfunction from radia-
tion therapy is often the most unpleasant side effect of treatment. This
article will review current knowledge concerning the anatomy and func-
tion of glands involved with salivation, measurement of salivary gland
function, surgical and pharmacologic prevention and treatment of xe-
rostomia, and methods to administer radiation while causing the least

amount of damage to salivary glands.

PHYSIOLOGY

There are two primary types of salivary gland
cells—serous and mucinous. The parotid gland is
almost entirely composed of serous cells, whereas
the submandibular comprises both the mucinous
and serous types [4].

Resting saliva primarily is secreted by the sub-
mandibular glands. Unstimulated salivary flow
rates are about 0.3 mL/min [5]; these rates de-
crease by 50% during sleep [6]. In contrast, stim-
ulated flow primarily is from the parotid glands.
Stimulation may result in a four fold increase in
parotid salivary flow and a minor increase in sub-
mandibular flow.

The flow of saliva primarily is regulated by cen-
tral nervous system pathways. There is little to
no direct local stimulation of the salivary glands.
Taste and mastication do not increase salivary flow
in the absence of higher cortical connections.

Unstimulated salivary flow is affected by a va-
riety of factors, as shown in Table 1 [5]. For ex-
ample, a body weight loss of just 2% resulting from
dehydration will decrease salivary flow by 60% [7],
and a body water content loss of only 8% will stop
all salivary flow [5]. However, standard metabolic
markers for dehydration, such as urine osmolality
and serum creatinine, do not correlate well with
salivary flow rates [8].

Salivary flow rates vary during the day and are
at their lowest during sleep. These flow rates also
show seasonal variation, reaching their highest
levels during the winter [6, 9, 10]. Smoking has
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Figure1 Anatomy of the Salivary Glands

The parotid glands are located in the space between the outer ear canal and the mandibu-
lar ramus, with some extension in front of the posterior portion of the mandible. Saliva
exits the parotid into the mouth through Stensen’s duct. The opening of Stensen’s duct is
at the level of the second upper molar.The facial nerve (cranial nerve VIl) runs through the
parotid gland.The submandibular glands (or submaxillary glands) are located between the
digastric muscles and the mandible. The saliva from the submandibular gland exits into
the floor of the mouth through Wharton's duct. The sublingual glands are a pair of small
salivary glands located at the anterior floor of the mouth in the submental area. Multiple
small ducts exit from the sublingual glands into the floor of the mouth. Netter medical il-
lustration used with permission of Icon Learning Systems, LLC, a subsidiary of MediMedia,
USA, Inc. All rights reserved.
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Xerostomia

been found to increase [11], decrease [12], or not
affect salivary flow [13, 14].

Factors that affect stimulated salivary flow are
shown in Table 2 [5]. Chewing alone increases sal-
ivary flow, but the combination of taste and chew-
ing provides greater stimulation. Of the four basic
tastes—acid, salt, bitter, and sweet—acid is the
strongest stimulant of salivary flow. In fact, citric
acid commonly is used to induce salivary flow for
measurement [11, 15, 16].

FUNCTIONS OF SALIVA

Bradley [17] described nine functions of saliva
(Table 3). Salivary hypofunction, or xerostomia,
may result in many subjective and objective oral
problems. Importantly, a patient’s subjective feel-
ing of altered salivation and of dysfunction from
salivation can differ from an objective measure-
ment of salivary flow. Table 4 outlines objective
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findings from patients with long-term xerostomia
[18]. Bardow and colleagues [19] suggested that
an unstimulated salivary flow of greater than 0.16
mL/min may be needed to prevent caries.

The interaction between salivary function and
swallowing is complex. Saliva softens food both
mechanically and enzymatically, allows formation
of the food bolus to initiate swallowing, and lubri-
cates the food bolus. Patients with a dry mouth
after radiation therapy often complain of swallow-
ing dysfunction; however, objective measurement
of bolus transit time and swallowing function did
not correlate with this perception [20, 21].

Wang et al [22] found that the sensation of mild
xerostomia correlated with unstimulated salivary
flow. However, Dawes [23] found that severe xe-
rostomia reflected a change in both stimulated and
unstimulated salivary flow, suggesting that an un-
stimulated flow rate of greater than 0.1-0.3 mL may
be needed to avoid the sensation of xerostomia. He
also postulated that the sensation of xerostomia is
correlated to evaporation of the salivary coating on
the oral mucosa and that the hard palate coating is
lost most easily, causing the feeling of xerostomia.

Increased colonization with Candida is found
among patients with xerostomia from radiation
therapy [24]. Amifostine (Ethyol), a salivary gland
function protectant, reduces the incidence of clini-
cal oral candidiasis [25].

Burning tongue syndrome may be reported by
patients with xerostomia after radiation therapy
[26]. This effect often occurs in conjunction with
xerostomia and dysgeusia, but the relationship be-
tween these symptoms is uncertain. It is possible that
burning mouth syndrome is a neuropathic condition
caused by salivary compositional changes and isnot a
direct reflection of mucositis from xerostomia [27].

MEASUREMENT OF SALIVARY
GLAND FUNCTION

Objective measurement of salivary flow can
be measured directly and indirectly. Direct mea-
surement involves collection of either whole-
mouth saliva or saliva from the individual
glands. Whole-mouth saliva often is measured
by having the patient collect saliva in the mouth
without swallowing for a set period, such as 5
minutes, and then spitting out the saliva into
a preweighed cup. However, more complicated
measurement devices, such as the “three-chan-
nel photoelectric salivary flowmeter,” also have
been used [28].
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Salivary gland scintigraphy is an indirect mea-
surement of salivary flow. It primarily measures
the uptake of a radionuclide, such as technetium-
99m pertechnetate, into the salivary glands [29,
30]. Another simple method of measuring stimu-
lated salivary flow is to record the difference in the
weight of hard candy before and after it sits under
the dorsum of the tongue for 3 minutes [31].

One approach to the subjective measurement of
salivary function is a visual analog scale developed
by Pai et al [32]. Eight separate visual analog scores
that evaluated issues such as “rate the dryness of
your mouth” and “rate the level of your thirst”
were measured for each patient. In this study, the
team found a good correlation between measured
salivation and a subjective feeling of xerostomia in
normal subjects given an antisialagogue.

The University of Washington Quality of Life
(QOL) Score for Head and Neck Cancer patients,
versions 3 and 4, are the most common symptom
scoring systems used in clinical research involv-
ing head and neck cancer patients [33]. The
questionnaire used by these systems investigates
multiple domains, including pain, appearance,
and mood. It directly asks about saliva (“My saliva
is of normal consistency”; “I have less saliva than
normal, but it is enough”; “I have too little saliva”;
“I have no saliva”). It also indirectly evaluates sali-
vary function by asking questions about swallow-
ing, chewing, and taste.

Radiation-induced Damage
MECHANISM OF SALIVARY GLAND DAMAGE

The exact mechanism of radiation-induced sal-
ivary gland damage is unknown. Actually, at least
three mechanisms to explain the phenomenon
have been hypothesized. One is direct damage
to the DNA of the salivary gland cells by radia-
tion-induced oxidative species. The second is cy-
totoxic damage to the cells initiated by the release
of toxic materials from the cells themselves. The
third is the induction by radiation of apoptosis by
an intracellular mechanism [34, 35]. However,
the majority of studies of radiation histopathology
involved rodents and, therefore, may or may not
directly relate to human response [36].

Studies of patients receiving definitive radiation
therapy have shown a rapid diminution of salivary
flow during the first 2 weeks of radiotherapy [37].
After 2 weeks of radiation therapy at doses of 20
Gy, the parotid and submandibular/sublingual sali-
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Table 1

Factors Affecting Unstimulated Salivary Flow
EFFECT ON UNSTIMULATED

FACTOR SALIVARY FLOW
Dehydration Decreases
Drugs Primarily decreases
Posture (standing vs sitting) Increases
Smoking Varied

Adapted from Dawes®

I

Table 2

Factors Affecting Stimulated Salivary Flow

EFFECT ON STIMULATED

FACTOR SALIVARY FLOW
Mastication Increases
Vomiting Increases
Taste Increases
Olfaction Increases
Aging None

Adapted from Dawes®

vary glands accomplished only 20% of their origi-
nal salivary flow; the function did not recover after
6 weeks of radiation therapy. The parotid glands
tended to lose more function than did the other
salivary glands, with the former losing flow to near-
ly 0% and the latter stabilizing at 20%. However,
no clinically significant difference in radiosensitiv-
ity between the parotid and submandibular/sub-
lingual salivary glands was noted [38]. After high-
dose radiation therapy, both serous and mucinous
acini were almost completely obliterated [39-41].

Prevention

Much progress has been made in the past de-
cade in preventing radiation-induced acute and
long-term xerostomia. This section will review var-
ious methods of preventing xerostomia, including
salivary gland transplantation, intensity-modulated
radiotherapy (IMRT), and amifostine therapy.

SALIVARY GLAND TRANSPLANTATION

One approach to preserve salivary function is
the surgical autotransplantation of a submandibu-
lar salivary gland outside of the radiation field.
Although the parotid glands are larger than the
submandibular glands, the parotid glands contrib-
ute just 20% of unstimulated saliva, whereas 65%
of this flow arises from the submandibular glands
and 8% from sublingual glands.
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Table 3

Functions of Saliva

Lubrication
Digestion
Solvent action

Antibacterial action
Antifungal action
Buffering action
Remineralization

Temperature regulation

Production of growth factors and other regulatory peptides

Adapted from Bradley et al'’

[
Table 4

Effects of Chronic Xerostomia

Increased caries formation
Increased rate of acute gingivitis
Dysarthria

Dysgeusia

Increased rate of candidal infection

Burning tongue

Adapted from Porter et al'®

The parotid becomes the dominant gland at high
flow rates (ie, stimulated, during eating). Jha and
others [42] reported on a prospective series of pa-
tients who underwent transfer of the submandibular
gland to the submental space before beginning radi-
ation therapy. In their latest report, the team noted
that salivary gland transfer was performed in 60 pa-
tients; 43 of these patients underwent postoperative
radiation therapy with protection of the transferred
salivary gland. The researchers measured whole sal-
ivary flow rates preoperatively, 2 weeks before sur-
gery, at the end of radiation therapy, and at regular
intervals up to 24 months after radiation therapy. In
all, 19% of patients developed moderate to severe
xerostomia immediately after radiation therapy; this
effect was seen in 35% of patients at 6 months. This
finding compared favorably with that of 16 patients
who underwent submandibular gland transfer but
who were not able to undergo shielding of the trans-
ferred submandibular gland due to tumor proximity:
48% of this group had moderate to severe xerosto-
mia at the end of treatment, and this group grew to
71% at 6 months.

The prevention of xerostomia in this protocol
was confirmed by measuring both salivary flow and
QOL evaluations. The local recurrence rate was

www.SupportiveOncology.net

6.6% at 14 months; no recurrences were seen in
the submental space. Of 38 patients participating
in this study and followed for at least 2 years, 26
had preservation of one submandibular gland, and
12 did not. Salivary flow was reported as normal
in 83% of the group with preservation, compared
with 0% in the non-preserved group [42].

The Radiation Therapy Oncology Group
(RTOG) has activated a phase II protocol (RTOG
0244) to further investigate the role of submandibu-
lar gland transfer in a multi-institutional setting; the
trial currently is open and is enrolling patients with
biopsy-confirmed squamous cell carcinoma of the
oropharynx, hypopharynx, or larynx or those having
an unknown primary tumor with unilateral metasta-
ses to the neck nodes and at least 80% of parotids re-
ceiving 2 50 Gy. The choice of the side for subman-
dibular salivary gland transfer depends on the side
of the uninvolved neck and the side of the primary
tumor. The transferred salivary gland is identified
with the help of the computerized tomography (CT)
scans taken in the treatment position. The shielding
then is drawn to cover more than 70% of the trans-
ferred submandibular salivary gland and the major
part of the sublingual salivary glands.

PAROTID-SPARING RADIATION THERAPY

With the advent of CT-based treatment plan-
ning and three-dimensional conformal radiation
therapy (3DCRT), parotid-sparing techniques are
advancing. Eisbruch et al [43] used beam’s eye
view displays to construct conformal beams to
cover the tumor of 15 patients as they spared one
parotid gland. Three months following radiation
therapy, the spared parotid gland retained 50%
of stimulated and unstimulated salivary flows; no
saliva flow was seen in the unspared parotid gland
in these patients. In all, 67% of these patients re-
ported mild or absent xerostomia.

Maes and colleagues [44] used similar tech-
niques to cover the primary tumor while maintain-
ing the dose threshold to the contralateral parotid
to 26 Gy. In 34 of 39 patients, the mean dose was
< 26 Gy. Using salivary gland scintigraphy, the
mean loss of secretion function was 67% in the
spared parotid and 100% in the unspared parotid.
Normal excretion function was regained in 75%
of spared parotids, and no recurrences were seen
near these spared glands. Subsequent studies have
confirmed that the benefit to using 3DCRT lies
primarily in its ability to minimize radiation to the
contralateral parotid [45].
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The goal of xerostomia prevention has drawn
closer with the more widespread use of IMRT,
which uses complex treatment planning techniques
to optimize radiation delivery to irregularly shaped
volumes. Multileaf collimators available on many
treatment machines allow for dynamic radiation
delivery. The actual set of treatment beams and in-
tensities is obtained using computer algorithms.

Reports have documented the benefits of IMRT
using objective measures of salivary flow as well as
oral-health QOL surveys. Munter and colleagues
[46] reported on a series of 18 patients who re-
ceived IMRT and required bilateral neck irradia-
tion. Their goals were to spare the parotid glands
without any increase in local failure rates and to
analyze functional changes in the salivary glands
as a function of dose using quantitative scintigra-
phy. The target mean dose for the parotid glands
was 26 Gy, which was achieved in one gland in
11 of 18 patients and in both glands in 5 patients.
The team made no attempts to spare the subman-
dibular glands and used scintigraphy to measure
salivary gland function. With maximal uptake
as the primary measurement parameter, a dose
threshold of 30 Gy was observed. However, this
did not correlate with RTOG score, which mea-
sures subjective clinical symptoms. In this study of
patients using IMRT techniques, the incidence of
late RTOG grade 2 xerostomia was 17%.

Parliament et al [47] used a stricter crite-
rion (goal mean dose to one parotid < 20 Gy)
in a series of 23 patients. The actual combined
mean dose to both parotids was 30 Gy. Oral-
health QOL was measured using the University
of Washington instrument [33]. Interestingly,
patients with better-preserved unstimulated
salivary flow rates in this study tended to report
lower xerostomia scores.

Although the parotid gland sparing has been
the focus of IMRT, some data have suggested that
the sparing other major salivary glands and, per-
haps, the minor salivary glands may be worthwhile
objectives. Eisbruch et al [43] reported on a series
of 84 patients who were given comprehensive bi-
lateral neck radiation using IMRT. The team noted
that salivary flow rates following radiation therapy
from the parotid or submandibular glands failed to
correlate with patient xerostomia questionnaire
scores. The mean submandibular gland dose was
a significant explanatory variable for xerostomia
questionnaire score differences, whereas parotid
dose was marginally significant (P = 0.05).
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Additionally, the mean oral cavity dose, which
represents radiation received by the minor sali-
vary glands, also is a significant predictor of xe-
rostomia severity. Although the minor salivary
glands produce less than 10% of total saliva vol-
ume, they contribute more than 70% of the total
mucins, which serve as mucosal lubricants and as
selective permeability barriers of the mucosa. The
importance of the nonparotid salivary glands is an
active area of research; more data are needed to
ensure that sparing these glands will not compro-
mise tumor control.

In summary, available data suggest that using
IMRT to keep the mean dose of the parotid glands
to 26 Gy or less decreases the risk of long-term xe-
rostomia. Furthermore, data suggest that sparing
the submandibular and, perhaps, minor salivary
glands can decrease this risk further. Therefore, in
patients receiving IMRT, the parotid, submandib-
ular, and submental glands should be contoured
and preserved as much as possible.

AMIFOSTINE THERAPY

For decades, thiol-containing compounds such
as amifostine have been known to have radiopro-
tective properties [48—50]. The largest randomized
trial of amifostine to date as a radioprotector for the
salivary glands was conducted by Brizel and Wasser-
man, who reported their initial results in 2000 [51]
and updated data at the 2004 American Society of
Clinical Oncology annual meeting [52]. The study
included patients with newly diagnosed squamous
cell head and neck cancer who received radiation
doses 240 Gy to at least 75% of both parotid glands.
Both acute and chronic xerostomia were examined,
and patients were stratified by treatment site, nodal
status, institution, and definitive versus postopera-
tive radiation therapy. Patients were randomized to
receive 200 mg/m’ of amifostine intravenously (IV)
15-30 minutes prior to radiation therapy on each
day of treatment; because this was an open-label
study, no placebo was given. The team randomized
315 patients and analyzed results for 303; 153 were
given amifostine, and 150 patients were given ra-
diation therapy alone.

The authors reported that 53% of patients re-
ceiving amifostine experienced at least one epi-
sode of nausea/vomiting, although it occurred with
only 5% of all doses given. Despite the increase in
nausea/vomiting, median weight loss was greater
among patients treated with radiation therapy
alone (5.6% vs 4.5% for those given amifostine).
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Further, 21% of patients discontinued amifostine
before treatment was completed.

The efficacy of amifostine was statistically sig-
nificant. The overall incidence of acute xerostomia
was that of grade 2 or above was reduced (78% in
the control group vs 51% in the amifostine group,
P < 0.0001), as was chronic xerostomia of at least
grade 2 (36%% to 20%, respectively, at 24 months,
P = 0.002). Saliva production was significantly
higher in the group receiving amifostine, as were
patient-benefit-questionnaire scores.

The 2004 update also included data on clini-
cally meaningful (> 0.1 g) unstimulated salivary
production, which was significantly higher in the
treatment arm (76% vs 56% in the control arm
at 24 months, P = 0.01). The incidence of mu-
cositis was similar in both groups, and there was
no significant difference in local control or overall
survival (72% in the amifostine arm vs 67% in the
control arm at 24 months, P = 0.14). Other stud-
ies have looked at higher doses (300 mg/m?) to
further reduce symptoms [53].

Recently, subcutaneous (SQ) administration of
amifostine has been explored as an alternative to
use of the intravenous formulation. Cassatt et al
[54] demonstrated equivalent tissue levels of the
active metabolite of the drug, WR-1065, and oral
mucositis protection using either the IV or the SQ
formulation in an animal model.

Koukourakis et al [38] reported the results of
a randomized trial comparing SQQ amifostine with
placebo in a group of 140 patients, 40 of whom had
a head and neck carcinoma. Patients were treated
with radiotherapy as definitive treatment or fol-
lowing incomplete resection, but no specific dose-
volume requirements to the salivary glands were
specified. Amifostine was administered daily at a
dose of 500 mg and diluted in 2.5 mL of normal
saline 20 minutes prior to radiotherapy. Grade 3/4
oral mucosal toxicities were reduced significantly
with the addition of amifostine (30% in the radia-
tion-only arm vs 0% in the amifostine arm, P =
0.02). A nonsignificant reduction in the number
of days during which radiation was interrupted
also was seen. Treatment breaks were given to
patients who demonstrated grade 3/4 mucositis,
and treatment was interrupted until mucositis re-
turned to grade 1. Radiation-induced xerostomia
(defined as severe mouth dryness and persistent
use of water as a substitute for saliva) was noted in
75% of patients in the radiotherapy-only arm versus
58% of patients in the amifostine arm (P = 0.32).
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However, no specific tests were performed to as-
sess xerostomia.

Anne and Curran conducted a phase II trial [55]
among head and neck cancer patients; in this study,
at least 75% of patients would receive > 40 Gy to
both parotid glands. Prophylactic pilocarpine (Sala-
gen) use was prohibited. Each day, 54 patients were
treated with two 250-mg SQ injections of amifos-
tine given in two locations 60 minutes before radia-
tion therapy (50-70 Gy/2 Gy fractions). The team
reported that 56% of patients developed acute xe-
rostomia, which was similar to the 51% of patients
reporting the effect after [V amifostine therapy in
the Brizel study [52]. The median time to onset (40
days) and median cumulative radiation dose to on-
set (58 Gy) also were similar (45 days and 60 Gy,
respectively, with IV amifostine). No grade 3 hypo-
tension or nausea/vomiting was reported. Grade 3
cutaneous toxicity occurred in 13% of patients.

Bardet and colleagues [56] have published pre-
liminary data from the phase III French Head and
Neck Cancer Group (GORTEC) 2000-02 trial
that compared IV and SQ administration of ami-
fostine. Inclusion criteria in this study were similar
to those of the Brizel study [52]. Administration of
IV amifostine also was identical to that of the prior
study; SQ amifostine was administered at a dose
of 500 mg/day using two, slow, 1.25-mL injections
delivered to two different sites 20—60 minutes be-
fore each radiotherapy session. Preliminary data
on the first 54 patients of a target enrollment of
292 patients were published. No hypotension was
noted in the group receiving SQ amifostine, and
the rate of acute xerostomia of at least grade 2 was
similar in both groups (23% IV vs 19% SQ amifos-
tine). Compliance was 80% among patients receiv-
ing SQ amifostine as compared with 70% among
those receiving IV amifostine.

In summary, available data show that amifos-
tine significantly reduces the incidence of acute
and long-term xerostomia. Short-term data sug-
gest that SQ amifostine provides efficacy equal to
that of IV amifostine, as it improves compliance
and causes fewer side effects. However, long-term
data are needed to confirm these results.

Treatment

Despite improvements in the prevention of
xerostomia, this adverse reaction remains a sig-
nificant morbidity for many head and neck radio-
therapy patients. Therapeutic options for these
patients currently are limited and include phar-
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macologic agents, such as cholinergic agonists and
complementary methods (eg, acupuncture).

CHOLINERGIC AGONISTS

One of the earliest agents studied to treat xe-
rostomia was the muscarinic agonist pilocarpine.
Pilocarpine has long been shown to stimulate sali-
vary flow in normal volunteers as well as in patients
with xerostomia secondary to radiation therapy
[57]. The drug’s pharmacokinetics and pharmaco-
dynamics have been studied extensively in animal
models [58, 59]. Studies based on varying levels of
pilocarpine esterase activity in human serum sam-
ples by Aromdee and others [60—62] have shown
variable responses to oral pilocarpine.

Early clinical studies involved the use of pilo-
carpine post radiation. Horiot and colleagues [63]
reported on a 12-week, prospective study of 156
patients with severe radiation-induced xerostomia
following radiation therapy who were treated with
15 mg of oral pilocarpine hydrochloride, followed
by an optional 5-mg increase at 5 weeks and a sec-
ond optional 5-mg increase at 9 weeks. In all, 75%
of the patients complied with treatment, and 67%
reported significant relief of xerostomia symptoms
at 12 weeks. The group of patients having normal
food intake increased from 13 to 24 patients with
treatment; likewise, the number of patients unable
to ingest solid foods declined from 47 to 29 patients.
No correlation with dose/volume parameters was
identified. The team concluded that pilocarpine’s
most important effect was on minor salivary glands.

Two prospective randomized clinical trials re-
ported in the early 1990s confirmed the benefit of
pilocarpine in the postradiation setting. LeVeque
et al [64] performed a multicenter, double-blind,
dose-titration study and concluded that optimal
results were obtained with doses greater than 2.5
mg given three times daily for 8—12 weeks. Johnson
et al [65], in a study of 207 patients, compared pla-
cebo with either 5 mg or 10 mg of oral pilocarpine
given three times daily for 12 weeks. The pilocar-
pine group demonstrated significantly better sub-
jective symptoms in every area assessed, with the
best results coming at 12 weeks. Saliva production
in the pilocarpine arm was improved significantly
when compared with results in patients given pla-
cebo during the first 8 weeks of the study; however,
the improvement in saliva production did not cor-
relate with symptom relief. The most severe side
effect was excessive sweating; however, no major
adverse reactions were reported. In both of these
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studies, pilocarpine was administered beginning at
least 4 months after the end of radiotherapy.

Zimmerman et al [66] retrospectively compared
concomitant pilocarpine use during head-and-neck
irradiation with postradiation pilocarpine adminis-
tration. Seventeen patients received concomitant
pilocarpine (5 mg four times a day, continuing for
3 months following radiation therapy), and 18 pa-
tients received no pilocarpine. Results from patient
questionnaires showed that the pilocarpine group
had improved xerostomia scores when compared
with the control group. An earlier study from the
same group, presented only in abstract form, com-
pared concomitant pilocarpine with postradiation
pilocarpine and again documented improved xe-
rostomia scores with the concomitant approach as
compared with a salvage approach [67].

Warde et al [68] conducted a clinical trial of
130 patients randomized in a double-blind fashion
between pilocarpine (5 mg three times daily during
radiation therapy and 1 month afterward) versus
placebo. They found no difference in xerostomia
scores at 1, 3, or 6 months after treatment. Addi-
tionally, the team reported no improvement in acute
side effects.

The largest study to date was conducted by
Scarantino and colleagues [69] in the RTOG 97-
09 trial. The team administered at least 50 Gy of
radiation to 50% or more of the volume of major
salivary glands of 249 patients; these subjects then
were randomized to receive pilocarpine (5 mg four
times a day) or placebo for 3 months starting 3
days prior to radiation. At 3 months following ini-
tiation of radiotherapy, the decline in unstimulat-
ed salivary flow due to radiation therapy was lower
among the group receiving pilocarpine (1.1 mL/
min) than among the placebo group (-1.7 mL/
min, P < 0.047). At 6 months, the difference in
unstimulated flow was maintained, but it was not
statistically significant (P = 0.09). However, by 6
months post radiotherapy, patients in both groups
were allowed to take pilocarpine on an open-label
basis. At 3 months, similar numbers of patients in
each arm reported normal salivary flow (31% in
the treatment arm vs 25% in the placebo arm) and
impairment of eating and taste (78% and 90%,
respectively). This trial is undergoing re-analysis
prior to the publication of the final results.

Several investigators also have looked at the
effectiveness of topical pilocarpine. Hamlar and
colleagues at Ohio State University [70] have de-
veloped a pastille drug form that allows prolonged
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Pretreatment

e Determine areas at risk and risk-benefit ratio of treatment.

e Set up patient to allow maximal salivary gland sparing, including minor
salivary glands on the hard palate.

e Use CT-based three-dimensional planning or IMRT to spare the salivary
glands as much as possible.

e Consider surgical transplantation of the submandibular gland into the
submental space; this is an experimental procedure and should be done
only on protocol.

During treatment

e Radioprotect the glands with amifostine given daily prior to radiation
therapy.

e Change treatment as necessary to reduce the proportion of the salivary
glands receiving over 20—24 Gy.

Post treatment

e Use oral pilocarpine (5-10 mg up to 4 times daily) to stimulate
salivary flow.

o Offer artificial saliva as a temporary relief.

e Try other stimulants to salivary flow, such as mastication or citric acid (ie,
sugar-free lemon drops).

e Avoid drugs that may increase xerostomia.

e Consider acupuncture as another way to stimulate salivary flow; because
this method is still experimental, look for prospective trials.

Figure 2 Xerostomia Prevention and Treatment

Xerostomia
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and increased topical contact. During the pilot
study, the time to complete dissolution of this
pastille was 30 minutes—an extended dose when

compared with systemic treatments.

The other hypothesized advantage of the pastille
formulation is a decrease in systemic side effects.
Thirty-four patients with clinically evaluable xero-
stomia at least 4 months following radiation therapy
were enrolled in this double-blind, placebo-con-
trolled trial in which dosages of 2.5-10.0 mg were
used. The team noted nonsignificant improvement
in subjective xerostomia; whole saliva production
also was not affected significantly, and, although
side effects were minor, sweating still was significant-
ly higher than that seen among the placebo group.

A more recent study by Frydrych et al [71] tested
a pilocarpine spray in a randomized, double-blind,
placebo-controlled trial of 23 patients with radia-
tion-induced xerostomia. No significant differences
in dry mouth symptoms using this formulation were
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seen between the groups, although the sample size
was fairly small. Among patients whose baseline sal-
ivary flow rates were not zero, improvement in both
stimulated and unstimulated salivary flow rates was
noted among those using the pilocarpine spray.

Bernardi et al [72] reported on a placebo-con-
trolled, randomized trial of various pilocarpine con-
centrations used as a mouthwash. Forty volunteers
without xerostomia were randomized to hold 10 mL
of 0.9% saline or of 0.5%, 1.0%, or 2.0% pilocarpine
mouthwash for 1 minute and spit. Mouth rinsing
with 1.0% or 2.0% pilocarpine induced significant
objective and subjective increases in salivary flow.

A selective cholinergic agonist, cevimeline
(Evoxac), also has been developed to treat radia-
tion-induced xerostomia. Results from a phase III
trial presented recently at the 2004 American
Academy of Otolaryngology—Head and Neck Sur-
gery annual meeting [73] reviewed findings among
284 patients with clinically significant salivary
gland hypofunction who completed at least 40 Gy
of radiotherapy at least 4 months before study en-
try; these patients were randomized to receive pla-
cebo or 30 mg of cevimeline three times daily for 6
weeks. If sufficient symptomatic improvement was
not achieved, patients could increase the dosage to
45 mg three times daily for the remaining 6 weeks.

The researchers reported that cevimeline pro-
duced a statistically significant improvement in
the global evaluation of dry mouth and in unstim-
ulated whole salivary flow at 12 weeks when com-
pared with placebo (P < 0.05). Sweating was the
only adverse event that was significantly higher in
the treatment arm.

ACUPUNCTURE

Investigators from Sweden examined the po-
tential role of acupuncture in treating radiation-
induced xerostomia [74-77]. Blom et al [74] re-
ported results from randomizing 38 patients with
xerostomia to receive acupuncture or placebo acu-
puncture following radiotherapy. Twenty patients in
the experimental group and 18 patients in the con-
trol group received 12 acupuncture sessions, which
lasted 20 minutes over 6 weeks; after a 2-week
break, the patients received another 12 sessions.
The control group underwent sham acupuncture
involving superficial needle insertion about 1 cm
away from the classic acupuncture points.

Both groups had improvements observed in
salivary flow rates. Significant differences in sali-
vary flow rates were noted in each group at differ-
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ent intervals over the course of treatment, but no
significant difference was observed. The authors
concluded that superficial acupuncture was not a
reliable placebo and should be considered to be a
different type of acupuncture treatment.
Johnstone and colleagues [78] offered acu-
puncture to patients with pilocarpine-resistant
xerostomia and reported the results in 18 patients
treated with this approach. Their technique in-
volved needling three points in the bilateral au-
ricles and the second digit. Electrostimulation of
the auricle also was used if no salivation was sub-
jectively noted after 20 minutes. Patients received
two sessions during the first week and three to
four weekly sessions thereafter at approximately
monthly intervals. All but two patients noted a
subjective improvement; however, in all cases, re-
lief was temporary and lasted up to 12 weeks.
Wong et al [79] reported on use of electroni-
cally stimulated acupuncture for radiation-induced
xerostomia. The investigators found that although
all of the patients in their analysis had statistically

significant improvements in salivary flow, no signif-
icant improvements showed in their QOL score.

Conclusion

Progress has been made in the prevention of
xerostomia (Figure 2). Both treatment with ami-
fostine and careful treatment planning, including
that of IMRT, have demonstrated a proven benefit
in reducing both acute and chronic xerostomia.
Amifostine is available readily in the clinic today,
and IMRT technology is available increasingly in
both academic and community radiation oncology
practices. Salivary gland transplantation also ap-
pears to be promising, but further data are needed
to ensure that this technique can be performed
reliably in a multi-institutional setting.

The use of cholinergic agonists in treating xe-
rostomia has produced both objective and sub-
jective symptomatic improvement following ra-
diation therapy. Nonetheless, further research is
needed to develop effective treatment strategies
for radiation-induced xerostomia.
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