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Abstract: Xerostomia remains one of the most common and impactful side effects associated with
radiotherapy for head and neck malignancies. With improvements in oncologic therapy and an improved
prognosis for patients with head and neck squamous cell carcinoma (HNSCC) overall, the long-standing
effects of therapy have become even more significant. Recent efforts have primarily focused on prevention of
this morbidity through technological advances, reductions in radiotherapy fields, and radioprotectants. The
promises of de-intensified strategies and proton radiation warrant ongoing investigation. However, palliative

care for and active management of xerostomia before, during, and after treatment deserve further attention

and research to define optimal approaches.
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Introduction

Head and neck cancers of the oral cavity, pharynx, and
larynx are estimated to be diagnosed in 65,410 new cases
and to cause 14,620 deaths in the United States in 2019 (1).
It is also the sixth most common cancer worldwide (2,3).
Head and neck squamous cell carcinoma (HNSCC), by
far, remains the most common histology. There has been
relative stability in the rates of diagnosis of head and neck
cancers in the U.S. in recent years (4).

This relative stability has been attributed to two inverse
shifts in causation of disease. As tobacco use, smoking
and heavy alcohol abuse have gradually decreased in the
U.S., a consequent decrease in laryngeal, oral cavity, and
oropharyngeal cancers caused by these carcinogens has
followed. However, this has not resulted in an overall
decrease in the disease, as there has been a simultaneous
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increase in the incidence of human papilloma virus-
mediated squamous cell carcinoma (HPV-OPSCC)
especially in the oropharynx. Luckily, the prognosis
associated with HPV-OPSCC is much better than that
of non-virally induced cancers, as long as appropriate
management and oncologic therapy is undertaken (5,6).
A recursive partitioning analysis from a large randomized
study of concurrent chemoradiotherapy for OPSCC proved
the substantial prognostic importance of HPV-positivity in
this disease entity.

Definitive management of these malignancies often
involves a combination of surgical resection, radiotherapy,
and systemic therapy (7). Radiotherapy is utilized as a
curative or palliative modality for local control of disease in
the head and neck region. It can often be utilized without
surgical resection, as an organ preservation strategy, or
in the adjuvant setting following resection to reduce the
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Figure 1 Example radiotherapy target volumes (A), organs at risk (B), and resultant volumetric modulated arc therapy treatment plan (C) for

a patient with head and neck squamous cell carcinoma with primary disease in the right tonsil.

chance of recurrence in cases at risk. Radiotherapy in
this region is generally delivered with standard or altered
fractionation strategies over a five- to eight-week course of
daily or twice daily treatments.

Though radiotherapy holds the promise of high rates
of disease cure, particularly considering the relatively low
rates of distant metastasis in HNSCC, it comes at a cost
as many of the normal tissues in the head and neck region
are particularly radiosensitive. Acute, subacute, and late
morbidity associated with head and neck radiotherapy
is undeniably substantial. Patients generally suffer from,
at least, therapy-induced dysgeusia/altered taste, skin
hyperpigmentation/desquamation, dysphagia, odynophagia,
nausea/vomiting, alopecia, decreased oral intake, nutritional
deficiency, feeding tube dependency, pain, trismus, and
xerostomia.

Of these, xerostomia can be one of the most significant,
lifelong side effects. Xerostomia can have tremendous
effects on diet, nutrition, weight loss or gain, and quality
of life well after completion of active therapy. With the
aforementioned shift in this disease entity towards HPV-
OPSCC, as well as significant improvements in oncologic
therapy and supportive care, an ever-increasing number of
patients are surviving their malignancy but suffering from
the long-term effects of oncologic therapy. An increased
attention to addressing the side effects associated with
therapy should follow. We will herein discuss the scope
of the problem of xerostomia associated with oncologic

therapy especially for HNSCC. We will subsequently
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address current strategies for lessening the impact of
oncologic therapy on salivary flow rates, palliative options
for mitigating the symptoms post-therapy, and future
directions for research in improving xerostomia outcomes
in this patient population.

Mechanism of xerostomia in patients undergoing
oncologic therapy for HNSCC

Xerostomia is defined as the “subjective sensation of a
dry mouth characterized by a marked decrease and/or
thickening of the saliva” (8). This outcome, following
head and neck radiotherapy in particular, stems from
hypofunction of the major and minor salivary glands.
The parotid glands provide the majority of stimulated
salivary flow during eating and speech, and they are
primarily supported by the other major salivary glands in
this setting (9). However, this balance in function vastly
shifts in unstimulated flow where the parotids contribute
only approximately 20%, the submandibular glands 65%,
sublingual <10%, and the minor salivary glands <10%.
Radiotherapy to the head and neck region for HNSCC
most commonly involves targeting of the primary site as well
as bilateral draining neck lymphatics. Figure I demonstrates
a standard head and neck radiotherapy plan for a patient
with OPSCC utilizing a conformal intensity modulated
radiation therapy (IMRT) technique known as volumetric
modulated arc therapy (VMAT). Figure 14 demonstrates
the “contouring” and delineation of the radiotherapy
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targets. Figure 1B shows the associated, coplanar normal
tissues which are contoured for dose delivery optimization.
Figure 1C illustrates the final, resultant VMAT radiotherapy
plan in a simultaneous integrated boost (SIB) technique.

Dependent upon the primary disease site, extent, and
clinically/radiographically appreciated nodal involvement
at diagnosis, certain levels of the neck lymphatics will be
covered at least to moderate radiotherapy doses to sterilize
any microscopic involvement. While this is custom-tailored
to the individual clinical scenario in all cases, level II (upper
jugular region) and level Ib (submandibular region) nodes
of the neck lie in close proximity and abut/encompass the
parotid glands and submandibular glands, respectively.
Level 11 is the most commonly targeted as it acts as a central
hub for lymphatic drainage from most of the subsites of the
head and neck region (10). Level Ib is commonly targeted
for oral cavity and sinonasal primary disease as well as in
the case of bulky level II adenopathy in the ipsilateral neck.
Bulky adenopathy especially in level II can cause retrograde
flow into level Ib nodes from sites that generally drain
primarily to the jugular chain.

As a result of the juxtaposition of the primary disease
as well as these draining lymphatics, the major and minor
salivary glands are invariably affected by radiotherapy for
HNSCC. They are exposed to the moderate to low doses
of radiation that result from entrance and exit dose with
photon/X-ray techniques for delivery. The role of particle
therapies in reducing dose to critical structures will be
discussed later. As expected, these particularly radiosensitive
structures demonstrate early and late sequela as a result of
this exposure.

The specific mechanisms for diminution in salivary
flow as a result of radiation exposure remain somewhat
controversial, but several models have been at least partially
validated. The dramatic acute and subacute diminutions in
salivary flow during and immediately following radiotherapy
generally violate the sense of how normal tissues of the
body should respond to radiotherapy (11). As the excretory
cells that supply salivary function are well-differentiated and
should have slow mitotic rates and resultant cell turnover, in
theory, xerostomia should be a late complication at best, and
the salivary glands should be relatively radio-insensitive.
Obviously, this is not the case with virtually all patients
showing symptomatology.

Initially, it was proposed that significant apoptosis may
lead to the leakage of granules and lysis of acinar cells,
but cell loss during early periods in radiotherapy has been
invalidated in animal models (12). Instead, the acute and
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subacute xerostomia induced by radiotherapy is theorized to
stem from damage to the plasma membrane of acinar cells.
This seems to diminish water excretion by downregulating
receptor-mediated signaling. The late persistence of
xerostomia likely results from traditional cell killing of
progenitor stem cells within the salivary glands. The
transition from the former mechanism to the latter may
explain the trend towards some improvement in xerostomia
between 6-18 months post-treatment, followed by general
permanence of the complication (13-15). The combination
of the early and late effects fits most with the timeline of
xerostomia throughout and after a course of head and neck
radiotherapy.

Prevalence and impact of xerostomia in patients
undergoing oncologic therapy for HNSCC

A systematic review by the Multinational Association of
Supportive Care in Cancer and the International Society
of Oral Oncology estimated, based on the extensive trials
to date, the prevalence of xerostomia during and after the
course of radiotherapy (16,17). This effort served to clarify
the time course of xerostomia from start of radiotherapy to
diminution in function as well as the extent of recovery and
long-term compromise. Xerostomia was present in very few
patients at baseline (6-12%), but nearly all patients (81—
100%), regardless of radiotherapy technique, experienced
clinically significant xerostomia during the radiotherapy
treatment course. The vast majority of patients reported or
were objectively found to have xerostomia at 1-3 months,
3—6 months, 6-12 months, 1-2 years, and >2 years post-
treatment.

With xerostomia then representing one of the most
common acute, subacute, and late side effects associated
with head and neck radiotherapy, its impact on patients’
overall function and quality of life can be profound.
Xerostomia itself can be disturbing to a patient, but
its downstream effects are arguably more significant.
Diminution in salivary function involves changes in volume,
consistency, and pH of secretions intraorally (18). These
intraoral changes have been linked to dysgeusia, intraoral
pain, swallowing dysfunction/dysphagia/odynophagia,
difficulty in speech, demineralization of teeth, increased
intraoral cariogenic flora, increased dental caries, overall
fatigue, malnutrition, weight loss, osteoradionecrosis,
reduced work/functional capacity, and worsened overall
quality of life (13,19-33).

Considering xerostomia’s centrality to many of the
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acute and long-term morbidities associated with the
treatment of HNSCC, it comes as no surprise that this
symptom plays a key role in a number of quality-of-life
metrics for treated patients. The University of Washington
Quality of Life Questionnaire (UW-QOL), the M.D.
Anderson Dysphagia Inventory (MDADI), the European
Organization for Research and Treatment of Cancer
Quality of Life Questionnaire Head and Neck 35 (EORTC
QLQ-H&N35), and the EORTC QLQ Core 30 (EORTC
QLQ-C30), to name a few, all prominently feature either
salivary flow directly or linked downstream effects in
swallowing, taste, or speech (34). A recent systematic
review and meta-analysis tracked changes in these metrics
across 1,366 patients treated for OPSCC and attempted
to estimate the impact of treatment on overall quality of
life. This review found the most significant deteriorations
in quality of life stemmed from the following in each
questionnaire: UW-QOL—saliva, chewing, swallowing,
speech, taste, appearance, and shoulder; MDADI—physical,
global, emotional; EORTC QLQ-H&N35—dry mouth,
sticky saliva.

Without a doubt, treatment-related xerostomia plays an
important role in patients’ overall function, experience of
radiation-associated morbidity, and long-term quality of life.
Its impact should not be underestimated by the oncology
and palliative care teams alike. In recent years, there have
been a number of developments in both the prevention and
treatment of radiation-associated xerostomia in patients
with HNSCC. We will summarize these in the sections that
follow.

Techniques for prevention of radiation-induced
xerostomia

Prevention of radiation-associated xerostomia would clearly
be the best method for reducing this morbidity’s impact
on patients’ quality of life following oncologic therapy.
Xerostomia is a deterministic, non-stochastic, effect of
radiation exposure. A threshold of radiotherapy dose exists
below which damage to the relevant salivary glands can
be reduced, if not prevented. Clinically validated dose
constraints to the salivary-associated organs at risk (parotid
glands, submandibular glands, and oral cavity) have been
established in recent years.

In the era of 2-dimensional radiotherapy delivery, little
parotid or submandibular sparing was technically feasible.
HNSCC was most commonly treated with opposed lateral
fields to cover the primary site and upper neck. These fields

© Annals of Palliative Medicine. All rights reserved.

1343

were delineated by the treated radiation oncologist on a
lateral simulation X-ray. There was no organ-at-risk (OAR)
delineation, nor dose-volume calculations. The parotid and
submandibular glands commonly lay completely within the
field of radiotherapy due to their juxtaposition on either
side of the head, abutting the oropharynx and posterior
oral cavity—common sites of primary disease. With
the transition to 3-dimensional techniques, the treating
radiation oncologist finally had a CT simulation scan on
which OARs could be contoured and doses estimated
in a volumetric fashion. While the technique and beam
arrangement for HNSCC radiotherapy remained largely
the same, a better understanding of dose thresholds for
dysfunction of OARs was established.

With the advent of IMRT, oncologists were able to
leverage an inverse planning algorithm and numerous
inhomogeneous radiotherapy fields against the issue of
salivary gland dose. IMRT allows several radiotherapy
fields around the patient to be arranged so that each
delivers an inhomogeneous part of the entire homogeneous
dose expected across the target. Sophisticated computer
algorithms were developed to calculate iteratively an
optimal “solution” for delivering the desired radiotherapy
dose to the target while maximally sparing OARs. VMAT
represents a more extreme example of this, vastly increasing
the number of beams or segments as the linear accelerator
“arcs” around the patient.

The parotid glands were technically and feasibly the
easiest glands to spare, and quickly clinical experiences
validated certain thresholds and metrics which would
provide for meaningful sparing of a salivary gland. For
the parotids, less than a mean of 26 Gy to the entire gland
or a V30 (volume receiving 30 Gy) less than 50% were
established as goals for parotid-sparing IMRT (21,35-38).
Similar studies were completed for the submandibular
glands which have established a goal mean of less than 39 Gy
for preservation of serviceable gland function (39).

Three randomized controlled trials were run to compare
IMRT to 2D and 3D techniques in relation to salivary
function preservation and resultant associated morbidities.
The study by Pow er al. randomized 51 patients to IMRT
versus conventional radiotherapy for nasopharyngeal cancer.
With conventional radiotherapy, only 4.8% and 9.5% of
patients had regained at least 25% of their pre-radiotherapy
stimulated-whole and stimulated-parotid salivary flow
at 1-year post-treatment; patients treated with IMRT
regained these functions at much higher rates of 50% and
83.3%, respectively (40). In a similar study at the Hong
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Kong Cancer Institute, 60 patients with nasopharyngeal
cancer were randomized (41). Observer rated xerostomia
for these patients at 1 year differed substantially from 2D to
IMRT, 82.1% versus 39.3%. Stimulated, parotid and whole,
salivary flow rates were also measurably higher in patients
treated with IMRT. Finally, a multi-institutional study
performed in the UK randomized 94 patients to IMRT
versus conventional radiotherapy (42). Grade 2 xerostomia
at 1 year was substantially lessened from 74% to 38% with
IMRT. At 2 years, the gap widened to 83% versus 29%.
At both 12 and 24 months, recovery of salivary flow, dry-
mouth-specific quality of life, and global quality of life
were all significantly improved with IMRT. None of these
studied found substantial differences in oncologic outcomes.
Consequently, IMRT became the standard of care for head
and neck radiotherapy and remains as such to date.

In an effort to improve the application of IMRT to
head and neck radiotherapy, cooperative group efforts have
further centered around standardization of both target and
OAR delineation. Grégoire ez 4/. have published guidelines
for both primary clinical target volumes and delineation
of neck nodal levels which guide radiation oncologists
worldwide to date (10,43). Additionally, consensus OAR
contouring guidelines have helped ensure that dosimetric
criteria utilized for sparing of OARs are properly applied to
a well-delineated organ (44). Without this uniformity, dose-
constraints remain of little value or prognostic importance.

Current efforts to improve radiotherapy planning, with
a goal of preventing/lessening resultant xerostomia, center
around field reduction, particle therapy, dose de-escalation,
and the use of surgical management as a part of definitive
therapy. Field reduction, in particular, involves lessening the
margins utilized for planning uncertainty and the removal of
particular levels of prophylactic neck coverage. For instance,
the rate of level Ib nodal involvement, especially on the
contralateral side, has been repeatedly examined in non-
oral cavity primaries. Lee et al. reported on 102 ipsilateral
submandibular nodal dissections performed in OPSCC
patients with radiographically negative level Ib regions (45).
They found that only 4.3% of patients had ipsilateral
pathologically positive Ib nodes (5.3% in HPV-OPSCC),
lending credence to the sense that the Ib nodal region, and
thus the submandibular gland, could be spared in most
cases except those with extensive nodal involvement. This
particularly challenges uniform coverage of contralateral
level Ib without contralateral level II involvement. Similarly,
consensus guidelines for the treatment of nasopharyngeal
carcinomas have begun to recommend standard omission
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of level Ib from the radiotherapy targets unless felt to be at
particular risk as a result of clear involvement, substantial
bulk to level II adenopathy, or extracapsular extension on
other nodes (46). Others have attempted submandibular
gland sparing when treating level Ib disease using IMRT, as
failures medial to the gland are not frequently seen (47).

Additionally, there has been extensive research and
validation of ipsilateral-only neck treatment in patients with
well-lateralized tonsillar OPSCC. Huang ez 4/. (48) updated
a previous series by O’Sullivan ez 4/. (49) demonstrating the
safety of treating only the ipsilateral neck in early stage or
limited, locally advanced tonsillar cancer. Intuitively, this
approach substantially limits dose to contralateral salivary
glands and should vastly improve xerostomia outcomes
when applied appropriately.

Particle therapies, such as proton therapy or carbon ion
therapy, have also been proposed to reduce the burden of
xerostomia in patients following chemoradiotherapy for
HNSCC. In particular, a large randomized study, initiated
out of the M.D. Anderson Cancer Center as a phase 11/
III multi-institutional effort, is currently evaluating this
strategy based on preliminary results from case-matched
and dosimetric analyses (50-52). Particle therapies are
especially able to reduce moderate to low dose exposure
to the oral cavity (minor salivary glands), submandibular
glands, and parotid glands with similar target coverage
based on the physical properties of the Bragg peak energy
deposition of these approaches (Figure 2). Patient-reported
outcomes are particularly prioritized in these studies to
measure both the subjective changes in endpoints like
xerostomia as well as their quality-of-life impacts. However,
objective measurement of salivary flow is also included.

Due to improved oncologic outcomes in HPV-OPSCC,
it has been further theorized that lower prescription
radiotherapy doses could be utilized without sacrificing
in cure rates. Several institutional and multi-institutional
studies have furthered this belief and proposed that at least
the standard prescription could be lowered from 70 to 60 Gy
with de-intensified chemotherapeutic regimens (53). This
theory has formed the basis of a large, multi-institutional
cooperative group trial in NRG HNO002 which is testing two
experimental protocols for reduced dose chemoradiation or
altered fractionation radiotherapy alone in HPV-OPSCC.

Alternatively, many clinicians and investigators have
favored a primary surgical approach to OPSCC with
transoral robotic surgeries (TORS) in order to render
patients free of gross disease. Adjuvant radiotherapy, when
indicated, is then often reduced in total dose, and the need
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Figure 2 Comparison of pencil beam scanning proton therapy plan (A) versus volumetric modulated arc therapy plan (B) for patient with

head and neck squamous cell carcinoma of the right tonsil. A subtraction dose (C) is also provided to show areas in which the proton plan

reduces dose (cool/blue) or increases dose (red/hot). Note the substantial reductions in dose to the oral cavity and midline pharyngeal/

laryngeal structures.

for concurrent chemotherapy is frequently obviated. The
recent publication of the ORATOR study, which was a
multicenter, international, randomized, phase II study,
may temper excitement for this strategy as it showed
relative equivalence in outcomes between definitive
chemoradiotherapy and primary TORS with adjuvant
therapy in patients with OPSCC (54). However, the sample
size (n=68) and the slight favoring of chemoradiotherapy
in MDADI scores may have raised more questions than
answers. Additionally, the Eastern Cooperative Oncology
Group (ECOG) has yet to report results from ECOG
3311 which was a prospective study tailored to assessing
outcomes following the primary surgical, TORS approach.
These results are eagerly awaited.

While salivary gland transfer procedures and radiation
cytoprotectants/mitigators have been attempted with some
success, neither has become a widely utilized standard.
Salivary gland transfers involve transposition of the
submandibular gland, especially to the submental space
during surgical intervention. This displaces the gland from
the high-dose, adjuvant radiotherapy region. Several small
series have shown promise, but the rates of over-treatment
(patients undergoing transfer without adjuvant radiotherapy)
and the required surgical expertise have deterred
widespread implementation (55-57). Radioprotectants, such
as Amifostine, have gained traction in the radiotherapy
community based on favorable clinical trial results; however,
concerns regarding tumoral protection or drug-associated
side effects have, again, limited use of these strategy (58,59).
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While prevention remains the preferred strategy for
reducing the impact of radiation-associated xerostomia
in patients with HNSCC, some level of xerostomia is
essentially inevitable in patients undergoing this oncologic
approach. Therefore, treatment regimens to lessen the
impact or symptoms associated with xerostomia are also of
great importance.

Techniques for palliation and mitigation of
radiation-induced xerostomia

When xerostomia occurs in patients undergoing or who
have undergone radiotherapy for HNSCC, two approaches
for mitigation of symptomatology are most commonly
utilized—replacement with salivary substitutes and
stimulation with oral or peripheral agents.

Intraoral substitutes are widely commercially available
without a prescription both for oncologic and non-
oncologic patients with xerostomia. These are notorious
for providing some relief that is unfortunately short-lived
for patients suffering from this sequela. A recent systematic
review excellently summarized the available agents and
their mechanisms (60). Several studies have centered
around various salivary substitutes and either head-to-head
comparison or their effectiveness versus water alone (61).
Unfortunately, many of these studies remain flawed in
design, lacking in objective clinical data, or ambiguous as to
a preferred strategy. In fact, some have found frequent sips
of water to be nearly or just as effective (62). Mucoadhesive
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discs of xylitol or sugar free gums containing the same have
been utilized with mixed results as well (63).

One of the key criticisms of this approach is that most
salivary substitutes lack some of the essential functions
of saliva. They fail to provide the antimicrobial and
immunologic functions of normal saliva, and therefore,
antimicrobial rinses and/or stringent oral hygiene agents
must be added to achieve similar protection (64,65). In
practice, most patients are also given a prescription-level
fluoride toothpaste with normally four times the level of
fluoride for cariogenic protection.

Pilocarpine has been attempted as a “topical” mouth
rinse/spray, lozenges, or systemic tablets in patients with
dry mouth syndromes such as Sjogren’s or in patients
post-radiotherapy. Multiple trials have compared these
interventions to no treatment, placebo, or each other.
Again, none have presented convincing results of dramatic
improvements in outcomes (66-69). Clinicians may attempt
these with patients and continue if subjective improvements,
but especially with systemic administration, these therapies
can come with side effects. Also, it is unclear the level
of systemic absorption transmucosal or when the rinses
are swallowed. These factors may make ineligible a large
number of patients with asthma, glaucoma, cardiovascular
disease, or respiratory illnesses like chronic obstructive
pulmonary disease.

Cevimeline is a parasympathomimetic/muscarinic agonist
that has demonstrated efficacy in Sjogren’s syndrome. This
has also been tested in the setting of radiation-induced
xerostomia in at least two sizeable studies (70,71). While
there was a signal for improvement of unclear magnitude,
the sweating and gastrointestinal side effects were
substantial deterrents to patients’ continuation of therapy.
Again, contraindications to this therapy may further
challenge implementation.

Acupuncture is also a frequently implemented palliative
therapy for xerostomia. Three studies have attempted
to clarify its role and benefits (72-74). Perhaps most
interestingly, one of these attempted sham acupuncture versus
targeted but failed to show a substantial improvement (74).
Nevertheless, this intervention comes with relatively limited
side effects and potentially other unrelated benefits.

In summary, numerous ameliorative, palliative
approaches exist for radiation-induced xerostomia. These
efforts continue to blur the lines between supportive care
and early palliative care, but regardless of the terminology,
attention to these symptoms and prompt treatment remain
critically important and meaningful to a patient’s quality of
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life (75). While none are ubiquitously effective and many
come with limitations or side effects, several are worthwhile
in attempting with patients who are particularly impacted
by their xerostomia. This becomes somewhat of a trial and
error approach for the clinician and patient, but often,
patients experience at least partial relief with one of these
strategies.

Conclusions

Radiation-induced xerostomia, especially in the treatment of
HNSCC, remains one of the most common and impactful
toxicities associated with oncologic therapy in this patient
population. With improvements in curative therapies overall
and a shift in etiology of this disease towards HPV-OPSCC,
a growing number of patients are surviving to experience
this morbidity long-term. Technological and therapeutic
advancements in radiotherapy delivery for xerostomia
prevention are promising and currently being implemented
or investigated. Palliative measures for mitigating the
impact of radiation-induced xerostomia are numerous and
varied. Finding the right fit for individual patients remains
somewhat trial and error. Further research is warranted
to clarify comparative effectiveness and reproducibility of
results.
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