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Radioiodine ('3'l) is an important therapy for patients
who have well-differentiated thyroid cancer. However,
13!l may also result in side effects in multiple organs and
glands. The glands that are frequently affected are the
salivary glands with the major untoward effects including
sialoadenitis and increased risk of second primary
malignancy. This report will review sialoadenitis second-
ary to '*'I therapy including (1) proposed mechanisms,
(2) incidence and clinical presentations, (3) possible
approaches to improve prevention, (4) management, and
(5) sequelae of sialoadenitis (e.g. xerostomia and salivary
duct obstruction). A discussion of second primary
malignancies is beyond the scope of this review. With a
better understanding of the above, dentists, oral sur-
geons, otolaryngologists, endocrinologists, nuclear medi-
cine physicians, and nuclear radiologists will be more
likely to implement more effective preventive measures
to reduce the incidence and severity of '*'l-induced
sialoadenitis, and if it does occur, to identify and treat
sialoadenitis sooner, thereby potentially reducing not
only the severity of the initial symptoms, but also the
severity of subsequent sequelae.
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Introduction

Radioiodine ('*'T) therapy was first used for the treat-
ment of Graves’ disease in humans in 1942 (Hertz and
Roberts, 1942) and for the treatment of well-differenti-
ated thyroid cancer (WDTC) in humans in 1946 (Seidlin
et al, 1946). Over the years, this has become an
important tool in the management of these discases,
and specifically WDTC. Unfortunately, untoward
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effects in multiple organs and glands secondary to 'I

therapy have been identified (Van Nostrand ef al, 2006).
One frequently affected and important group of glands
are the salivary glands with radiation-induced sialoa-
denitis occurring frequently. The objective of this report
is to review sialoadenitis secondary to ''I therapy
in patients with WDTC including its (1) proposed
mechanisms, (2) incidence and clinical presenta-
tions, (3) possible approaches to improve prevention,
(4) management, and (5) sequelaec of sialoadenitis
(e.g. xerostomia and salivary ductal obstructions).

Mechanism of radiation-induced sialoadenitis

The parotid, submandibular, and sublingual glands have
been reported to concentrate iodine as high as 7-700
times the plasma levels (Freinkel and Ingbar, 1953;
Myant, 1960; Rice, 1984; Schiff et al, 1947). As a result
these glands can receive a significant radiation absorbed
dose from the "' treatment resulting in a sialoadenitis.
The radiation exposure to the salivary glands has not
been well studied. However, Donachi (1978) reported
approximately 250 rads (250 cGy) to the salivary gland
from a 5 mCi (185 MBq) dose, and Goolden et al (1957)
estimated 707 rad (cGy) and 680 rads (700 cGy) to the
salivary glands during the first 12 h in two patients who
were administered 100 mCi (3.7 GBq) and 150 mCi
(5.55 GBq), respectively. However, the mechanisms by
which the salivary glands take up the iodine are not well
described. Although a major mechanism of salivary
iodide transport may be the sodium/iodide symporter,
several publications have suggested that the salivary
accumulation of radioiodine does not appear to be
affected by thyroid-stimulating hormone level or the
state of thyroid function (Freinkel and Ingbar, 1953;
Myant, 1960; Jhiang et al, 1998). Regardless of the
mechanism, the serous cells appear to have a greater
ability to concentrate radioiodine than the mucous cells.

Incidence and clinical presentation

The reported incidence of acute radiation sialoadenitis is
very variable because of many factors (see Table 1) and
ranges from 2% to 67% (see Table 2) (Benua et al, 1962;



Table 1 Factors contributing to the variability in reported incidence
and severity of sialoadenitis

e Range of prescribed activity of '*'I administered

o Cumulative prescribed activity of '*'I administered

o Interval between repeated '*'I therapies

e Factors affecting uptake of '*'I in the salivary glands

e Previous history of other salivary gland disease

o Administration of drugs that potentially cause xerostomia

e Diligence of the patient and physician in implementation of
preventive measures to reduce the radiation absorbed dose to
the salivary gland prior to and shortly after '*'I therapy

e Diligence in looking for signs and symptoms of sialoadenitis or
xerostomia and

e Length of follow up

Reproduced with permission from Humana Press, Van Nostrand
and Freitas (2000).

Table 2 Reported incidence of sialoadenitis after '*'I therapy

Alexander et al (1998) 33% 67/203
Allweiss et al (1984) 12% 10/87
Benua et al (1962) 2% 3/122
Edmonds and Smith (1986) 10% 26/258
Grewal et al (2009) 39% 102/262
Kahn (1994) 34% 17/50
Maier and Bihl (1987) 8% 3/37
Pan (2004) 5% 16/342
Silberstein (2008) 5% 3/60
Van Nostrand et al (1986) 67% 9/15

Reproduced with permission from Humana Press, Van Nostrand and
Freitas (2006).

Albrecht and Creutzig, 1976; Allweiss et al, 1984,
Edmonds and Smith, 1986; Van Nostrand et al, 1986;
Maier and Bihl, 1987; Kahn ef al, 1994; Alexander et al,
1998; Pan, 2004; Van Nostrand et al, 2006; Grewal et al,
2009). The signs and symptoms may range from severely
swollen and painful salivary glands to asymptomatic
sialoadenitis, that latter implicated by the subsequent
manifestation of xerostomia many months later (Alex-
ander et al, 1998). Swelling and pain may begin as early
as several hours after treatment with '*'T or as long as
several weeks later, and the duration may last hours to
several days. Infrequently, these signs and symptoms
may last several weeks and occasionally persist for a
year. Fortunately, most signs and symptoms resolve
spontaneously within hours to several days without any
specific treatment. The signs and symptoms may be
unilateral or bilateral but occur more frequently in the
parotid glands than the submandibular and lingual
glands. As noted above, the serous cells appear to have a
greater ability to concentrate radioiodine than the
mucous cells, and because the parotid glands are
predominately serous cells, this may be one reason that
the parotid glands appear to have a higher frequency of
radiation-induced sialoadenitis than the submandibular
and sublingual salivary glands (Honour et al, 1952).
Alexander et al (1998) reported that 81% (54/67) of
patients with sialoadenitis involved the parotid glands of
which 14 were unilateral and 40 were bilateral. Signs and
symptoms of sialoadenitis in the submandibular glands
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were seen in 46% (31/67) of patients with sialoadenitis,
of which eight were unilateral and 23 were bilateral.
Albrecht and Creutzig (1976) found 59% (30/51) of the
patients had involvement of the parotid gland with 25
bilateral and 5 unilateral. Sixteen per cent (8/51) of the
patients had involvement of the submandibular glands.
Studies have suggested that the incidence and severity of
sialoadenitis appears to correlate with the individual
prescribed activity (Tollefsen et al, 1964; Tubiana et al,
1975), as well as the cumulative prescribed activity of
1T (Albrecht and Creutzig, 1976). Grewal et al (2009)
should a statistically significant dose response between
administered radioactivity and salivary gland swelling
but not xerostomia, altered taste or salivary gland pain.

Prevention

Prevention by reduction of radiation absorbed dose to
the salivary is preferable to managing sialoadenitis, but
many of the proposed approaches for achieving the
reduction of radiation absorbed dose to the salivary
glands are controversial. An overview is shown in
Table 3.

Pre I therapy

Assessment of salivary glands on pre-ablation or pre-
treatment radioiodine whole body scans. Evaluation of
radioiodine uptake in the salivary glands on pre-
ablation whole body scans has been proposed as
potentially useful in helping to predict a radiation-
induced sialoadenitis (Kulkarni ef al, 2004). Significant
uptake may suggest a higher likelihood of sialoadenitis
while little to no uptake may suggest a lower likelihood.
Higher uptake may encourage more structured and
diligent preventive care. However, this needs further
evaluation, and even if this assessment is helpful, I
believe that a structured and diligent preventive care for
side effects is warranted in every patient unless that care
is associated with its own untoward effects.

Patient education. Patient education is paramount. Not

only is it important that the patient understand the
. . 1317 - . .

potential side effects of "”'I in order to give informed

Table 3 Approaches to mitigate radiation sialoadenitis and its conse-
quences

e Pre '*!'I Therapy
o Assessment of salivary glands on pre-ablation or
pre-treatment radioiodine whole body scans
o Patient education about prevention
o Suspension of anticholinergic medications
e Post "*'I Therapy
o Hydration
o Frequent sialagogues (e.g. lemon candies, sugarless
chewing gum, lemon juice) during the day and night
o Massage of salivary glands
o Use of one or more of the following:
« Cholinergic agents
« Prophylactic non-steroidal, anti-inflammatory agents
= Prophylactic steroids
« Amifostine
« Reserpine
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consent for the treatment, but it is also important for the
patient to understand the seriousness of the potential
side effects in order to comply with the physician’s
recommendations to help prevent and/or minimize
radiation-induced sialoadenitis and it sequelae.

Hydration. To my knowledge, no significant data has
been published that assesses the positive or negative
effects of hydration on the radiation absorbed dose to
the salivary glands. However, I would submit that
hydration would be beneficial for two intuitive reasons.
First, dehydration decreases salivation, which in turn
may decrease '*'I clearance from the salivary glands and
increase the radiation absorbed dose to the salivary
glands. However, whether or not dehydration also
reduces uptake of "*'I in the salivary glands has not
been well studied. Second, dehydration decreases '*'I
renal clearance, thereby resulting in higher blood levels
of I for a longer period of time. This may result — at
least theoretically — in higher uptake of '*'I by the
salivary glands. Until proven otherwise, I believe good
hydration is appropriate and helpful.

Suspension of anticholinergic medications. Although
anticholinergic drugs may in some patients reduce the
early radioiodine uptake in the salivary glands based on
salivary gland scintigraphy (personal observation), all
anticholinergic drugs are typically discontinued. How-
ever, further evaluation is warranted.

Post 3T therapy

Hydration. Good hydration is again typically recom-
mended prior to and for several days after '*'I therapy,
and this has been discussed above.

Sialagogues. The use of sialagogues is presently one of
the most controversial areas regarding the reduction of
the frequency and/or severity of '*'I radiation-induced
sialoadenitis.

Prior to 2005, sialagogues during the early post-
treatment period had been almost universally recom-
mended (Van Nostrand et al, 2006). Sialagogues such as
sour candies, lemon juice, lemon drops, sugarless
chewing gum, or anything else that would cause the
patient to salivate were initiated ~2—4 h after the
administration of the '*'T therapy. Instructions typically
included continuation of the sialagogues at least while
the patient was awake, and sometimes the recommen-
dation included continuation of the sialagogues for an
additional one to several days.

Nakada et al (2005) published a report in which they
evaluated one group of patients who were administered
sialagogues every 2-3 h while awake for the first 24-h
period after '*'T therapy and a second group of patients
who received no sialagogues during the first 24-h period
after '*'T therapy. They reported in several patients using
Doppler flow assessment that salivation increased blood
flow to the salivary glands and hypothesized that this
increased flow increased delivery and uptake of "*'I to
the salivary glands, resulting in increased radiation
absorbed dose to the salivary glands. Van Nostrand
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et al (2009) have referred to this as a ‘rebound effect’.
Nakada er al observed that the second group who did not
received any sialagogues for the first 24-h period had a
lower incidence of sialoadenitis [38% (52/139)] than the
group that received sialagogues [64% (74/116)]. Hypog-
eusia or taste loss also decreased from 39% to 25.4%,
and dry mouth decreased from 23.8% to 11.1%.
Irreversible xerostomia was reduced from 14.3% to
5.6%. Based on this data, Nakada er a/ recommended
that sialogogues should not be administered during the
first 24-h period after '*'I therapy. One letter to the
editor, one case report, and two subsequent articles have
challenged Nakada’s report (Lam and van Isselt, 2005;
Silberstein, 2008, Van Nostrand et al, 2009, 2010). Lam
and van Isselt (2005) in a letter to the editor stated that
(1) “... [some] patients [with higher salivary gland side
effects] ... tended to be treated more intensively...”, (2)
‘... the reported incidence of salivary gland injury
[varied] considerably depending on the diagnostic crite-
ria’, and (3) “... the author’s concept of salivary gland
function has not been studied physically’. In a study to
evaluate the utility of pilocarpine, Silberstein (2008)
administered continuous sialagogues while the patient
was awake and intermittently during the night. In these
patients he reported a frequency of sialoadenitis that was
5%, which was much lower than the frequency report by
Nakada et al (i.e. 38-64%). However, in this study,
Silberstein also administered dexamethasone to all his
patients, and as a result one cannot differentiate how
much of the lower incidence of '*'I induced sialoadenitis
might have been due to the continuous administration of
sialagogues or use of steroids. Van Nostrand ez a/ (2009)
demonstrated in a case report that re-accumulation of
radioiodine in the salivary glands begins soon after the
washout of '*'I from the salivary glands after adminis-
tration of lemon juice. However, despite re-accumulation
of the radioiodine in the salivary glands, the radioactivity
did not exceed the level at the time of the administration
of the sialagogue over 1 h of observation. In addition,
the subsequent administration of sialagogues repeatedly
every 20 min resulted in significantly decreased overall
uptake of radioiodine in the salivary glands. Subse-
quently, Van Nostrand et al (2010) reported the use of
sialagogues in 23 patients over two 1 h periods beginning
2 h after the administration of radioiodine. Based on this
study, if sialagogues were to be given repeatedly at a time
interval corresponding to when the radioiodine in the
salivary glands would re-accumulate back to the level
prior to the administration of the sialagogue, the average
potential reduction in radiation absorbed dose was in the
range of 40-50%. The average times for the radioiodine
to re-accumulate back to the pre-lemon juice level of
activity were 21 and 38 min for each phase, respectively.
Thus, this study strongly suggested that the frequent
administration of sialagogues can significantly reduce
the radiation absorbed dose to the salivary gland relative
to the administration of sialagogues every 2-3 h. This
study also documented what we all know from our own
personal experience that spontaneous salivation may
occur in the absence of any sialagogues. Spontancous
salivation might be induced simply from the thought or
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Figure 1 Starting 2 h after the administration of '**I or '*'I orally, anterior images of the head and neck were obtained for two subsequent hours.
Regions of interest were placed around each parotid gland, and the time activity curves (TACs) for each parotid gland were obtained. The above
graph demonstrates a typical patient background-corrected TAC for one of the parotid glands. The black arrows denote the two time points at
which a bolus of lemon juice was administered orally without moving the patient. The black arrow heads demonstrate the nadir of washout of the
radioiodine from the parotid gland after the administration of the lemon juice. The white arrows point to the re-accumulation phase of the
radioiodine back in to the parotid gland, which for this patient required approximately 60 min to return to baseline

smell of food or the sight of food such as on television.
Thus, even though Nakada et a/ may not have admin-
istered sialagogues during the first 24-h period after '3'I
therapy, those patients still most likely experienced
spontaneous salivation and/or ate during that period.

So, should sialagogues be administered or withheld
during the first 24-h period after the therapeutic
administration of '*'I? The question remains and the
controversy continues. However, based on my experi-
ence, sialagogues should continue to be administered
routinely during the first 24-h period at a frequent
interval such as every 20—40 min or even continuously as
recommended by Silberstein (2008). Further, even if
Nakada et al’s theory of a ‘rebound effect’ resulting in a
subsequent greater increase in the '*'I concentration in
the salivary glands after sialagogues is correct, Van
Nostrand et al’s study presents strong evidence that if
the sialagogues are given at a short enough time
intervals, then a ‘rebound effect’ can be preempted (see
Figure 1).

Anti-inflammatory medication

The prophylactic use of anti-inflammatory agents
including non-steroidal and steroidal agents to prevent
sialoadenitis of the salivary glands is also controversial
with little data available. Silberstein (2008) has reported
the routine use of steroids along with one the lowest
reported incidences of signs and symptoms of sialoade-
nitis. However, as noted above, he also administered
sialagogues continuously not only while the patient was
awake but also intermittently after the patient had
retired.

Massage of parotid glands

Massage of the parotid glands may also be of value,
especially if there may be a partial flow obstruction (see
Figure 2; Van Nostrand, 2000).

Administration of cholinergic medications

Cholinergic drugs such as pilocarpine, cevimeline HCI,
anetholetrithione, and bromhexine have been used to
stimulate salivation and hopefully increase the turn over

/

Figure 2 For antegrade massage, push with the fingers mildly on the
parotid gland cephalad and then anteriorly. (Concept adopted from
Mandel and Mandel, 2003). (Image reproduced with permission from
Keystone Press from the book entitled “Thyroid Cancer: A Guide for
Patients.”)

and/or throughput of *'I in the salivary gland (Davies,
1997; Ericson and Lindberg, 1982; Nakada er al, 2004).
However, Alexander et al (1998) and more recently
Silberstein (2008) showed no benefit to the administra-
tion of cholinergic drugs.

Reserpine

Because the salivary glands are also innervated by the
sympathetic system, anti-sympathomimetic agents have
been investigated. In order to evaluate the potential role
of reserpine as a protective agent by reducing the uptake
of radioiodine in the salivary glands, Levy and Park
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(1987) administered reserpine and measured a significant
decrease in the ratio of radioiodine uptake in the parotid
glands compared to a baseline value. However, in this
report it is unclear whether the reduced salivary gland
uptake was in response to the reserpine or secondary to
a ‘radiation stunning’ from the 10 mCi (370 MBq)
diagnostic prescribed activities of '*'I and/or partial
treatment of the salivary gland from the prescribed
activities of 100-150 mCi (3.7-5.55 GBq) '*'I adminis-
tered for the therapy.

Amifostine
Amifostine (WR-2721, Ethyol) has been shown to
protect the salivary gland from the damaging effects of
ionizing radiation from external radiotherapy for head
and neck tumors (Dorr and Holmes, 1999; Shaw et al,
1999; Werner-Wasik, 1999). Amifostine is an organic
thiophosphate that is dephosphorylated into its active
metabolite WR-1065. This metabolite is a scavenger of
oxygen-free radicals, the latter being one of the major
affects of radiation resulting in tissue damage, and this
metabolite may have a greater effect in normal tissue
than in tumor tissue for several reasons. First, amifos-
tine can concentrate as much as 100 times more in
normal tissue than tumor tissue (Hall er al, 1992), and
second, the dephosphorylation of the amifostine to its
active metabolite is more effective in the alkaline
environment of normal tissue than in the more acidic
environment in tumor tissue (Utley et al, 1976).
Because of the success of the use of amifostine in
reducing sialoadenitis in patients undergoing external
radiotherapy, amifostine was proposed for use in
patients receiving '*'I therapy for WDTC. Subse-
quently, Ma et al. (2010) reviewed the literature regard-
ing amifostine and its protective affect from "*'I, and out
of 92 articles published on the subject, Ma et al
accepted only two randomized controlled clinical trials

by Bohuslavizki et al. (1999) and Kim et al. (2008) for
analysis. Based on these two studies, Ma er al
concluded that amifostine had no significant radiopro-
tective effects on the salivary glands after '*'T therapy.
Amifostine is also not without sides effects. Amifostine
may significantly decrease the patient’s blood pressure —
albeit this is usually temporary requiring suspension of
the infusion of the amifostine. Finally, it is important to
be aware that the drug insert for amifostine states that
amifostine should not be administered to ‘... patients in
other settings where chemotherapy can produce a
significant survival benefit or cure, or in patients
receiving definite radiotherapy, except in the context of
a clinical study’.

Management

If sialoadenitis does occur post therapy, it is reasonable
to administer anti-inflammatory agents, although there
is no definitive data to confirm that this reduces the
signs, symptoms, severity, and/or duration of '*'I
radiation-induced sialoadenitis. Likewise, neither is
there any significant data regarding the reduction of
the sequelae secondary to radiation-induced sialoadeni-
tis. Nevertheless, if the signs and symptoms of sialoade-
nitis are severe or persist longer than a short period of
time, the administration of anti-inflammatory agents
would be reasonable. If the signs and symptoms are
severe and/or persistent, then steroids and the referral
of the patient to a dentist, oral surgeon, and/or
otolaryngologist should be considered. Suggested guide-
lines for the use of non-steroidal and steroidal anti-
inflammatory agents are noted in Table 4. However,
there is no data to indicate that these guidelines are
more effective than any other guidelines or even
effective. If there is a suppurative sialoadenitis, antibi-
otics may be necessary. In three patients, Allweiss et al.

Table 4 Proposed guidelines for the management of sialoadenitis®® based on the severity of the signs and symptoms

Category Description Treatment

Mild = Mild Pain (NCI® Grade 1 = mild pain not Non-steroidal, anti-inflammatory
interfering with function with a duration of < 1 h) medication for 3 days
= No swellings No tenderness to the touch

Moderate » Moderate Pain (NCI Grade 2 = moderate pain or Anti-inflammatory medication for 7 days

(One or more of the following)

analgesics for pain interfering with function, but

not interfering with activities of daily living of > 1 h

of duration)
= Any swelling

« Any tenderness to the touch

Severe (One or more of the following)

any duration)

= Moderate to severe swelling (very subjective)
= Moderate to severe tenderness to the touch

(very subjective)

Extreme Suppurative sialoadenitis

» Severe Pain (NCI Grade 3 = pain or analgesics
severely interfering with activities of daily living of

= Anti-inflammatory medication for 7 days
= Methylprednisolone dose pack or equiv-
alent, and

= Referral to dentist, oral surgeon, or
otolaryngologist

« Emergency referral to otolaryngologist,
oral surgeon, and/or dentist with special
expertise in salivary gland management

“Hydration is not listed, because this should already be encouraged and continued.
®No data is available to suggest that these guidelines are any more or less effective than any other guidelines.

“National Cancer Institute.
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(1984) reported a suppurative sialoadenitis that required
antibiotics.

Sequelae

Xerostomia
One important sequelae of '*'T radiation-induced sialo-
adenitis is xerostomia, which may also be associated
with burning oral discomfort, difficulty in eating dry
foods, dysphagia, decreased taste sensitivity, and muco-
sal ulcerations. The reported frequency of xerostomia
ranges from 2% to 43% (see Table 5; Benua et al, 1962;
Albrecht and Creutzig, 1976; Leeper, 1982; Allweiss et
al, 1984; Edmonds and Smith, 1986; Maier and Bihl,
1987; Kahn et al, 1994; Lin et al, 1996; Solans et al,
2001; Pan, 2004; Van Nostrand et al, 2006), and the
frequency and severity is again multi-factorial. Xerosto-
mia may begin several weeks or months after '*'I
therapy but usually resolves within several months
(Brown et al, 1984; Alexander et al, 1998; Van Nostrand
et al, 2006). However, xerostomia may last greater than
one year in 4.4-7% of patients (Tollefsen et al, 1964;
Allweiss et al, 1984; Lin et al, 1996; Van Nostrand et al,
2006) and not infrequently it may be permanent
(Mandel and Mandel, 1999; Schneyer and Tanchester,
1954). The presence of initial symptoms of sialoadenitis
(e.g. pain and/or swelling) is not predictive of sub-
sequent xerostomia. In 63 of 96 patients (66%), Alex-
ander et al. (1998) diagnosed xerostomia in patients who
had no clinical evidence of sialoadenitis initially. Mal-
pani et al. (1996) also was unable to demonstrate any
relationship of significant reduction in function of the
salivary glands to symptoms of sialoadenitis, whereas,
Spiegel et al. (1985) reported a dose-dependent decrease
in salivary gland function. The same group specifically
reported reduction of parotid gland function by 40%
after prescribed activities of 270 mCi (9.99 GBq), while
Solans et al. (2001) demonstrated no relationship of
xerostomia to cumulative prescribed activity.
Xerostomia may also result in additional sequelae
including dental caries and candidiasis. Walter et al.
(2007) followed 176 patients and reported a 99%
increased risk of xerostomia (P = 0.003) with an 8%
increased risk of tooth extraction per gigabecquerel

Table 5 Frequency of Xerostomia

Albrecht and Creutzig (1976)  22% (11/51)
Alexander et al (1998) 43% (87/203)
Allweiss et al (1984) 30% (3/10)
Benua et al (1962) 2% (37122)
Edmonds and Smith (1986) 10% (26%/258) (*calculated)
Kahn et al (1994) 18% (10/55)
Leeper (1982) *Common

Lin et al (1996) 5.4% (3/56)
Silberstein (2008) 5% (3760)
Solans et al (1986) 33% (26/79)
Van Nostrand et al, 2006 13% (2/15)

*No frequency reported; simply stated by the Author as ‘common’.
Reproduced with permission from Humana, Van Nostrand and
Freitas (2006).
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administered (P = 0.02). Candidiasis is a rare side effect

of xerostomia, which may be severe enough to require
treatment such as with nystatin and clotrimazole (Bus-
nell et al, 1992). Several recommendations for the
management of xerostomia and preventive care to
minimize dental caries are noted in Table 6.

Stomatitis

Stomatitis is rare and may be very painful, which if
severe may require treatment with dexamethasone elixir
mouthwash and/or mouthwash containing viscous
lidocaine, diphenhyrdramine and aluminum, and mag-
nesium hydroxides (Mandel and Mandel, 1999). Refer-
ral to a dentist, oral surgeon, or otolaryngologist is
recommended.

Salivary duct obstruction

The frequency of salivary duct obstruction is not well
documented, and I believe that with more careful
histories, future studies will demonstrate that this is
more common than originally suspected. Salivary duct
obstruction may first present 1 month to 1 year after '>'I
therapy with the sudden onset of swelling and pain in

Table 6 Options for the management of xerostomia and dental caries

e Maintain good hydration

e Refer patient to a dentist, oral surgeon, or otolaryngologist

e Treat causes other than radiation-induced xerostomia such as
changing a drug or the dose of a drug that is causing xerostomia

e Take frequent sips of sugar free water or drinks

e Drink frequently while eating

e Keep a glass of water by one’s bedside for dryness during the
night or on awakening

e Pause often while speaking to sip some liquids

e Avoid coffee, tea and soft drinks

e Chew sugarless gum

e Suck sugarless mints or hard sugarless candy allowing them to
dissolve in your mouth (Cinnamon and mint are often

more effective)

e Avoid tobacco and alcohol
e Avoid spicy, salty and highly acidic foods that may
irritate the mouth
e Use a humidifier, particularly at night
e Maintain impeccable dental hygiene with regular
checkups (3—-6 months)
e Use fluoride toothpaste routinely
e Use non-alcoholic mouth washout such as a non-alcoholic
mouthwash mixed with hydrogen peroxide
e Consider fluoride therapy in the form of topical fluoride
applications, fluoride mouthwashes, and fluoride toothpastes
o Artificial saliva swirled in the mouth and swallowed every 3-4 h
e Avoidance of anticholinergic medications
e Administration of sialagogues (Davies, 1997)

o Pilocarpine, (Salagen®), 5-10 mg p.o. t.i.d. Oral tablet may need
to be taken for 6-12 weeks before full benefit realized

o Cevimeline (Nakada et al, 2004) (Evoxac®), cholinesterase
inhibitor, 30 mg p.o. t.i.d.

o Anethole Trithione (Hepasulfol®, Mucinol®, Sialor®, Sonicur®,
Sufralem®). The standard dose is 37.5-75 mg typically in divided
doses before meals. Doses of up to 150 mg daily have been used

o Trial of saliva stimulating tablets (SST) (Ericson and Lindberg,
1982) including potential agents as disaccharides and low-dose
interferon-alfa lozenges

e Acupuncture (Blom and Lunderberg, 2000), and
e Antibiotics for suppurative sialoadenitis
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one or more salivary glands when the patient eats or
spontaneous salivations such as when seeing or thinking
of food. These signs and symptoms may resolve within
minutes but typically last longer and as long as several
hours. Unlike sialoadenitis, which is the acute effects of
radiation from the '*'I, the mechanism proposed is a
combination of stricture of the salivary ducts secondary
to scarring from the previous radiation and reduced
volume of saliva secondary to the previous radiation-
induced sialoadenitis (i.e. xerostomia), dehydration,
and/or xerostomia secondary to other medications.
With reduced flow and thickened saliva, there may be
mucus precipitation resulting in a mucous plug causing
an obstruction. Although the natural history of this side
effect has not been well described, in my experience these
symptoms frequently and slowly resolve over several
months. In the short term, increased retrograde or
antegrade pressure with massage may resolve the
symptoms by helping the normal or thickened saliva
to pass by the ductal narrowing or to help spontane-
ously extrude a plug (see Figure 2). However, persistent
signs and symptoms may require intervention which
might include ductal dilation of Stensen’s or Wharton’s
duct. In 12 patients, Bomeli ef al. (2009) used sialoen-
doscopy for the treatment of recalcitrant pain/swelling
after *'1 therapy, and symptoms were improved in 75%
of the patients with no serious complications. Xu et al.
(2010) evaluated *™Tc pertechnetate scintigraphy to
determine which patients should have sialoendoscopy to
relieve obstruction of the submandibular gland. Based
on eleven patients, they successfully predicted whether
or not the sialendoscopy would significantly relieve the
patients’ signs and symptoms in all eleven patients. In
rare cases, tympanic neurectomy may be considered.
Although excision of the gland should be avoided,
Allweiss et al. (1984) reported one patient who required
a parotidectomy because of intractable salivary gland
pain and discomfort.

Summary

Radiation-induced sialoadenitis is an important unto-
ward effect secondary to '*'I therapy for WDTC. With
(1) a better understanding of the mechanism of "'I
accumulation within the salivary glands, (2) a height-
ened awareness of the incidence, clinical presentation,
and sequelae of sialoadenitis including xerostomia,
stomatitis, and duct obstruction, and (3) an assiduous
Preventive care program prior to and immediately after
311 therapy, the incidence and severity of '*'I radiation-
induced sialoadenitis can be hopefully reduced.
However, if sialoadenitis and/or its sequelae occur,
appropriate management can reduce the effects such as
xerostomia and ductal obstruction.
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