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Abstract

This chapter describes the late adverse events of cancer
therapy involving the oral tissues. A summary of the
normal anatomy and physiology is followed by a review
of the clinical presentation and management of the late
oral adverse events in cancer patients. As the oral tissues
involved are variable, the nature and quantity of late oral
complications are extremely diverse. The impact of these
oral complications can result in significantly debilitating
basic oral functions, negatively affecting the quality of
life. It is well recognized that surgery, chemotherapy and

5 Management ............ccoooiiiieiriiiiiieieee e 157 : ” ) : .
5.1 General Preventive Dental Care .. 157 radiotherapy are associated with oral and maxillofacial
5.2 Oral Mucosal Alterations.............. 158 morbidity. Furthermore, cancer therapy modalities have
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5.5 INFECHONS. ....oooreoooeesooeeeeoeeee oo 159 types of radiotherapy, newer concept ol hematopoietic
5.6 Neuropathy and Chronic Pain... 159 stem cell transplantation, and emerging novel targeted
5.7 Dentition and Periodontium ..............ccocoevciiiiiiininineccnne 159 therapy. These new modalities introduced a new set of
5.8 Trismus flnd LOS§ of Elasticity ........ S 160 oral complications, in addition to the classical oral
5.9 Osteoradionecrosis and Osteonecrosis of the Jaws. 160 licati ttributed t h h d
5.10 Developmental Abnormalities... .. 160 COH_IP ications attributed to surgery, ¢ emot crapy .'«%n
5.11 Secondary Maligancy ............coceeeieerrieueeeeeinseenneeeenseinnenns 161 radiotherapy. Notably some of the essential supportive

therapies (such as bisphosphonates) have oral complica-

tions as well. The clinical approach to these oral

complications will be outlined.
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Fig. 1 Historic view on early
and late mucosal effects related to
radiotherapy (with permissions
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simultaneous coordinated physiological activities of all
these tissues enable essential oral functions. Impaired oral
function has a tremendous negative impact on the well-
being of patients.

Treatment for malignant disease produces unavoidable
toxicities to normal cells. The oral tissues are highly sus-
ceptible to direct and indirect toxic effects of cancer che-
motherapy and ionizing radiation. Some of the oral
complications in cancer patients are related directly to the
effects of chemo-radiotherapy on oral tissues and others are
the indirect consequence of systemic toxicities (Fig. 2).
Patients undergoing cancer treatment may develop oral
complications associated with their modified immune status
post hematopoietic stem cell transplantation (HSCT) or
with the supportive care (e.g., bisphosphonate-related
osteonecrosis). Surgical tumor removal may also cause oral
and nutritional problems.

The tissue response depends on factors related to the
form of cancer treatment and the patient. Treatment-related
factors include: treatment modality (radiotherapy, chemo-
therapy, surgery, combination protocols, hematopoietic
stem cell transplantation [HSCT]); the level of exposure to
cytotoxic agents (e.g., intensity of protocol, field of

[ Systemic toxicity

H QOral tissues toxicity ‘

radiation); and use of preventive measures. The patient-
related factors include age, genetics, underlying malignant
disease, immune status, co-morbidities, concurrent medi-
cations, nutritional status, history of previous cancer treat-
ments, and compliance. Interaction of these elements
governs the risk, course and severity of tissue injury.

With the emergence of new cancer treatments, the
response is even more variable. For example, the intro-
duction of reduced-intensity HSCT changed the profile of
oral complications compared to those following myeloab-
lative HSCT. Similarly, more advanced radiation technique
may minimize some of the characteristic oral complica-
tions. Lastly, the introduction of targeted-therapy in
oncology has caused a new series of oral complications.

Whereas the traditional bio-continuum of adverse effects
(Fig. 1) was a linear progression from early acute oral
complications to late chronic oral complications, the current
understanding of the dynamics of the development of oral
complications is multi-directional. Late complications may
have an acute nature and vice versa. Tissue injury may be
transient or permanent. The temporal behavior of each oral
complication requires an appropriate clinical approach and
patient education.
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Fig. 3 Oral cavity: front view o
(With permission from Tillman gichs
and Elbermani 2007)
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The late adverse oral effects, irrespective of their cause,
are associated with loss of important oral functions such as
eating, tasting, drinking, swallowing and speaking. Patients
may also suffer dehydration, dysgeusia, ageusia, malnutri-
tion and weight loss (Epstein et al. 2001, 2002). The
patient’s quality of life (QOL) can be severely affected,
impacting their daily lives (Talmi 2002). When there are
esthetic considerations such as mutilation or malformation,
the impact on the psychological state of the patient can be
profound (McMillan et al. 2004; Nordgren et al. 2008).

Details of the late oral complications in cancer patients
are presented in this chapter, including their pathophysiol-
ogy, clinical presentation, and potential treatment.
According to the template of this textbook, a summary of
the normal anatomy and physiology will provide the basis
for understanding the pathology.

2 Anatomy and Histology

The oral cavity originates with the lips and extends posteri-
orly to the oropharynx (Fig. 3). It can be diagrammatically
sketched as an elongated box with the cheeks contributing the
side walls, the palate contributes the ceiling, and the floor of
the mouth contributes the base. The supporting-frame for this

— Inferior Labial
Frenulum

Inferior Lip (Labium)

three-dimensional box is composed of the dental arches
positioned on the upper and lower jaw bones. Within this
space lies the tongue. The oral mucosa covers the interior of
the oral cavity, including the tongue, and merges into the
gingival tissue covering the alveolar jaw bones. The major
and minor salivary glands, the muscles, the blood vessels, the
nerves, the lymphatic system and the taste buds are within the
walls of the theoretic box structure of the oral cavity (Fig. 3).

Although the oral mucosa serves as a continuous cover-
age, the characteristic of the oral mucosal are not uniform
through the oral cavity and are adjusted to the specific
function of each oral surface. The mucous membranes of the
oral cavity and pharynx are characterized as masticatory,
lining, or specialized. The masticatory mucosa is bound
down tightly by the lamina propria to the underlying bone. It
covers the hard palate and gingiva and is characterized by
keratinized epithelium that provides resistance to friction
during mastication. The lining mucosa is characterized by
non-keratinized epithelium, which provides flexibility and
mobility that is needed during oral function. The specialized
oral mucosa is found on the dorsum of the tongue and con-
tains various types of papillae and taste buds (Fig. 4a).

The mucosal epithelium rests on a basement membrane.
Below this, minor salivary glands and numerous small
arteries, veins, and lymphatic vessels are found. Normal
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Fig. 4 a Tongue. b Parotid a
(With permission from Zhang

1999). ¢ Tooth: Incisor and
Surrounding Structures,

decalcified, low magnification.

(With permissions from Zhang

1999)
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mucous membrane is pink to pale pink, depending on the
thickness of the mucosal epithelium and amount of blood
flowing through the underlying microvasculature.

There are three paired sets of major salivary glands—the
parotid, submandibular, and sublingual glands—and hun-
dreds of minor salivary glands scattered in the submucosa
throughout the oral cavity, except the gingiva and anterior
part of the maxilla. A typical salivary gland is a composite
of numerous functional units: secretory end pieces known as
acini, collecting ducts, and a framework of myoepithelial
cells and connective tissue (Fig. 4b). There are two kinds of
acinar cells, mucous and serous. Secretions from each of the
acini pass through the intercalated ducts, then the striated
(secretory) ducts and terminal lobar (excretory) ducts before
traversing the major salivary duct into the oral cavity.

Interlobular
connective tissue

Interlobular duct

Nerve fibers

The main body of the tooth is made up of dentin
(chemical composition of the calcium-phosphate-hydrox-
ide apatite being 70 % inorganic and 30 % organic).
Covering the crown portion of the tooth is the enamel
(96 % inorganic, 4 % organic). The root portion is covered
by cementum (50 % inorganic, 50 % organic), in which is
imbedded protein fibrils that attach the tooth to the alve-
olar bone that surrounds the socket. The inner portion of
the tooth—the pulp—is composed of blood vessels,
lymphtics, nerves, and fibrous connective tissue (Fig. 4c).
The tooth is embedded in alveolar bone. The compartment
around the teeth is termed periodontium and the portion
that supports the tooth in bone is the periodontal ligament.
With aging and loss of teeth alveolar bone is physiologi-
cally resorbed.
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Note: The enamel has been dissolved by decalcification.

The mandibular bone is characterized by cortical bone
(lamellar bone and Haversian systems) that covers the
spongy or marrow bone. The tooth sockets are lined by this
compact bone. The posterior mandible (ramus) extends
vertically ending in the condylar process that forms the
temporomandibular joint, allowing opening and lateral
movements for speech, mastication and expression.

The internal structure of mandibular bone responds to
mechanical stresses by remodeling of marrow trabeculae,
which are lined by osteoblasts and osteoclasts on the

surface, and osteocytes in inner lacunae. The marrow itself
contains blood vessels, fat, and fibrous connective tissue.

3 Physiology and Biology

The oral mucosa has an important role in protection as it
creates a barrier between the oral environment and the
circulation. Its capability to withstand friction allows food
chewing and swallowing. Additionally, receptors in the oral
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Table 1 Mucosa LENT SOMA

Mucosa—oral and pharyngeal

Grade 1 Grade 2
Subjective
Pain Occasional and Intermittent and tolerable
minimal
Dysphagia Difficulty eating Difficulty eating soft food

Taste alteration
Objective

Mucosal integrity

solid food

Occasional, slight

Patchy atrophy or

Intermittent

Diffuse atrophy or

telangiectasia telangiectasia, superficial ulcer
Weight <5 % loss >5-10 % loss
Management
Pain Occasional non- Regular non-narcotic
narcotic
Ulcer Cleanse
Dysphagia Lubricants, diet Non-narcotic

Grade 3

Persistent and intense

Can take liquids only

Persistent

Deep ulcer no bone or
cartilage exposure

>10-15 % loss

Regular narcotic

Antibiotics or oxidants

Narcotic

Grade 4

Refractory and excruciating

Totally unable to swallow

Deep ulcer with bone or
cartilage exposure

>15 % loss

Surgical intervention

Debridement + other
surgical intervention

PEG tube and/or surgical

modification

Taste alteration Minor diet changes

(non-acidic)
Analytic
Color photo Assessment of changes in appearance

Cytology, biopsy,
imaging

Rule out persistent tumor

Smear, culture, Rule out candidiasis

antifungal trial

mucosa respond to temperature, touch and pain and the
tongue has the unique capability of taste detection.

The salivary glands generate saliva which has important
physiologic functions. It protects the oral cavity by pro-
viding a washing effect. This clearance of bacteria, debri
and sugars, is important to prevent infection and the
development of dental and periodontal diseases. Saliva
lubricates the oral mucosal surfaces, allowing for tissue
protection. Its flow, electrolytes composition and buffering
effect, helps prevent demineralization of teeth. Saliva pro-
teins, such as lysozyme, lactoferrin, peroxidase, and secre-
tory immunoglobulin A, have an antimicrobial action. Other
salivary molecules, such as mucins and agglutinins, aggre-
gate microorganisms and prevent them from adhering to the
oral tissues. Additionally, saliva is important for taste per-
ception and for digestion of the food. Lastly, the moistening
of the oral cavity allows for speech and breathing.

Both the teeth and jaw bones are essential for mastication,
intelligible speech, swallowing, appearance, and expressions.

Within the complex structure of the mouth, the biofilm of
saliva and oral flora is an invisible component that is inte-
grated into the normal physiology of this entire organ. The
oral flora is characterized by harmonious interaction

Minor diet changes (semi-soft)

intervention

Major diet changes (soft) Major diet changes (liquid)

between hundreds of bacteria and fungi. This co-existence
may alter during changes due to an exogenous triggers (e.g.,
antibiotics) or endogenous change (e.g., immunosuppres-
sion). Some of the normal oral micro-organisms may turn
into opportunistic micro-pathogens when the harmonious
balance between various oral residents is interrupted.

4 Clinical Presentation
4.1 Overview

Previous editions of this book addressed the oral mucosa,
the salivary glands and the teeth and mandible (i.e., jaw
bone). This clinical approach is based on the LENT SOMA
system that categorizes and grades various toxicities
(Tables 1, 2, and 3), and does not differentiate between
early and late adverse events. As evidence-based data on
oral complications of cancer patients expanded, scales were
published for specific oral complications. Several global
scales are currently used. For example, the National Cancer
Institute published an update for the Common Toxicity
Criteria for Adverse Events (CTC-AE ver. 4.0) and a new
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Table 2 Salivary gland LENT SOMA

Subjective

Xerostomia

Objective

Saliva

Management

Xerostomia

Analytic

Salivary
flow/quantity/
stimulation

Salivary gland
Grade 1

Occasional
dryness

Normal
moisture

76-95 % of
pre-
treatment

Table 3 Mandible® LENT SOMA

Subjective

Pain

Mandible
Grade 1

Occasional and

Grade 2

Partial but persistent dryness

Scant saliva

Occasional saliva substitute
Sugarless candy or gum,
Sialogogues

51-75 %of pre-treatment

Grade 2

Intermittent and

Grade 3

Complete dryness, non-
debilitating

Absence of moisture, sticky,
viscous saliva

Frequent saliva substitute or
water Sugarless candy or gum,
Sialogogues

26-50 % of pre-treatment

Grade 3

Persistent and intense

Grade 4

Complete dryness, debilitating

Absence of moisture, coated mucosa

Needs saliva substitute or water in
order to eat Sugarless candy or gum,
Sialogogues

0-25 % of pre-treatment

Grade 4

Refractory and
excruciating

Mastication
Denture use

Trismus

Objective
Exposed bone
Trismus

Management

Pain

Exposed bone

Trismus and
mastication

Analytic

Mandibular
radiograph

Panograph X-rays/

CT

minimal tolerable
Difficulty with solids
Loose dentures
Noted but Preventing normal
unmeasurable eating

Occasional non-
narcotic

Questionable changes
or none

<2cm

1-2 cm opening

Regular non-narcotic

Antibiotics

Soft diet

Osteoporosis
(radiolucent)

Osteosclerosis
(radiodense)

Assessment of necrosis progression

Difficulty with soft foods
Inability to use dentures

Difficulty eating

> 2 cm or limited sequestration

0.5-1 cm opening

Regular narcotic
Debridement, hbo2

Liquid diet, Antibiotics, Muscle
relaxant meds

Sequestra

Inadequate oral intake

Fracture

<0.5 cm opening

Surgical intervention or
resection

Resection

NG tube, gastrostomy

Fracture

 Refers to the dentition, both jaws and the masticatory system

version is expected in the near future. Selected items from

the CTC-AE are presented in Table 4.
Additional scales are listed in the RTOC website.

In this edition, common oral complications will be pre-
sented, including oral mucosal alterations (late-mucosal

injury and cGVHD), taste disorders, salivary gland dys-

functions, infections, neuropathy and chronic pain, com-
plications of the dentition and periodontium, trismus and

loss of elasticity, osteoradionecrosis and osteonecrosis,
developmental abnormalities and secondary malignancies.
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Table 5 Late oral complications post radiotherapy

Tissue involved Type of cancer treatment

Oral complications

CT RT HSCT Surgery
Oral mucosa X X X Mucosal changes
X X Secondary oral infections
X Mucosal GVHD (lichenoid/plaque type)
X X X Secondary malignancy
Taste buds X X X Taste disorders
Salivary glands X X X Dry mouth
X X X Sialoadenitis
X Multiple mucocele
X X X Secondary oral infections
X X X Secondary malignancy
Teeth X X X Rampant caries
X X X Dental malformations
? X X Cervical sensitivity
Periodontium ? ? Advanced periodontitis
X Desquamative gingivitis
Connective tissue and musculature X X X Trismus
X X X Loss of elasticity
X X X Limited mouth opening
Bone (jaw) X Osteoradionecrosis
X X Bisphosphonate-related osteonecrosis
X X X X Developmental malformations
Nerve X X X X Neuropathy and chronic pain

May concur at any time: dysphagia, oral dysfunction (eating, drinking, speech), dehydration
CT-chemotherapy, RT-radiotherapy, HSCT-hematopoietic stem cell transplantation

The association between the various toxicities and therapies
is provided in Table 5.

4.2 Oral Mucosal Alterations

The prominent effects of cancer treatment on the oral
mucosa are seen in the early period following treatment and
results in oral mucositis. Once mucositis has developed, the
oral mucosa is more susceptible to the toxic effects of a
second cycle of RT or CT (Sonis 2007). This clinical
observation is supported by histomorphological evaluations
of oral mucosal specimens taken from patients 6 to
12 months after RT. A decreased number of blood vessels,
different expression patterns of adhesion molecules and
subpopulations of integrins and macrophages are found
(Prott et al. 2002). Patients complaining of a burning sen-
sation months after their acute mucositis has apparently
healed support this observation.

Targeted therapy was associated with various oral
complications. Recently drugs belong to the Mammalian
Target of rapamycin (mTOR) inhibitors were associated
with aphthous-like oral lesions, mostly sirolimus,

everolimus and temsirolimus. Other oral symptoms, such as
dysphagia, dry mouth and dysguesia were reported in
relation to mTOR inhibitors as well. Furthermore, addi-
tional groups of targeted therapies, such as monoclonal
antibodies (cetuximab, bevacizumab) and tyrosine kinase
inhibitors (sunitinib, sorafenib, and imatinib) were sug-
gested to have oral adverse events.

Patients post allogeneic HSCT may develop oral mucosal
GVHD. GVHD is an allo-immune inflammatory process,
which results from a donor-origin cellular response against
host tissues. The chronic form of GVHD (¢cGVHD) occurs in
30-50 % of allogneic transplants and oral involvement is
seen in up to 80 % of them (Schubert and Correa 2008). The
clinical presentation includes lichenoiod, erythematous, or
ulcerative lesions which may be occasionally asymptomatic,
but more often is associated with pain, burning sensations, or
a rough texture of the oral surfaces. Painful mucosal lesions
may represent a significant impediment to nutritional intake
and performing oral hygiene.

Clinical examination of the oral tissues can support the
diagnosis of GVHD. Correlation of oral changes with sys-
temic manifestations should be considered, although the
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Table 6 NIH scale for oral cGVHD activity assessment

No evidence of
c¢GVHD

Mucosal
change

Erythema None

Mild

Mild enythema or moderate

Lichenhold erythema (< 25 %)
Ulcers
Mucoceles None Hyperkeratotic changes
(<25 %)
None None
None 0  1-5 mucoceles

Moderate Severe
Moderate (> 25 %) or Severe Servere 3
erythema (< 25 %) erythema
25 %)
Hyperkeratotic changes Hyperkeratotic 3
(25-20 %) changes (50 %)
Uicers involving (20 %) Servere 6
ulcerations
(20 %)
1 6-10 scattered mucocel3es 2 Over 10 3
mucoceles

Total score for
all mucosa
chages

http://asbmt.affiniscape.com/associations/11741/files/ResponseCriteriaAPPENDIX AFormA.pdf

* Mucoceles scored for lower labial and soft palate only

oral cavity may be the only site affected. Histopathologic
evaluation may be complementary to clinical evaluation
(Bradley et al. 2003). Scoring of oral cGVHD was addres-
sed by the NIH in 2006 (Pavletic et al. 2006) (Table 6).
Other scales may be used for research (Piboonniyom et al.
2005; Elad et al. 2003).

Importantly, GVHD is one of the potential risk factors
associated with the development of secondary solid cancers
including those presenting in the head and neck area (see
“Secondary Malignancy”).

4.3 Taste Disorders

When the oral and pharyngeal mucosa is exposed to radi-
ation, taste receptors are damaged and taste discrimination
becomes increasingly compromised (National Cancer
Institute 2008; Ruo Redda and Allis 2006; Gamper et al.
2012; Epstein et al. 2010). Loss of saliva flow (hyposali-
vation) impairs the transport and solubilization of gustatory
stimulants to the taste buds, which leads to taste disorders.
The outcome may be a reduction in taste sensitivity
(hypogeusia), absence of taste sensation (ageusia), or a
distortion of normal taste (dysgeusia). Studies in RT
patients showed mixed results about the pattern of taste
impairment. Some studies showed that sensitivity to sweet
mainly decreases and that sensitivity to bitter increases.
Others showed that sensitivity to bitter and salty simulants
is mainly decreased (Ruo Redda and Allis 2006) and that
umami was the only taste to be impaired (Shi et al. 2004).

After 3—4 weeks of radiation it is common for patients to
complain of an absence of a sense of taste. It will generally
take upwards of several months after the end of radiation
therapy for taste receptors to recover and become

functional, but it may require up to 2 years (Ruo Redda and
Allis 2006).

Radioactive iodine in the form of (Paulino et al. 2000)
13! is used to treat thyroid cancer and reportedly causes
taste alterations in approximately 10 % of patients (Ro-
senbluth et al. 2005, Lee JN et al. 2010).

Most commonly used cytotoxic agents have been linked
to chemosensory disorders (Comeau et al. 2001; Bernh-
ardson et al. 2007; Berteretche et al. 2004), and are known
to damage chemosensory structures and disrupt saliva and
mucus production, which indirectly affects the sense of taste
(Schiffman and Zervakis 2002). Research into the side
effects of cytotoxic chemotherapies indicates that 46-77 %
of patients receiving chemotherapy report changes in taste
(Lindley et al. 1999; Foltz et al. 1996; Rhodes et al. 1994;
Wickham et al. 1999; Youngblood et al. 1994). However,
most of these changes resolve within a few months after
chemotherapy ends with little long-term impact (Bernh-
ardson et al. 2007).

Approximately 20 % of patients 90-100 days post
HSCT report moderate to severe levels of taste change
(Epstein et al. 2002). More patients report reduced intensity
of taste and abnormal tastes. However, it seems that these
taste changes have a limited impact on QOL (Epstein et al.
2002). In patients 24-30 months post HSCT taste changes
are also noted (Marinone et al. 1991). In patients that
received allogeneic transplants, hypogeusia to salt and sour,
but no difference in sweet or bitter are reported. In recipi-
ents of autologous transplants statistically significant taste
changes are seen (Marinone et al. 1991). These finding are
ambiguous as other studies show recovery in 80 % of
patients 1 year-post HSCT (Mattsson et al. 1992). It is
important to note that in pediatric patients undergoing
HSCT taste changes may resolve faster (Cohen et al. 2012).
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4.4 Salivary Gland Dysfunction

Long-term salivary gland dysfunction is a common com-

plication of cancer treatment, predominantly in RT and in

allogeneic HSCT patients. Salivary gland impairment is
also well recognized following CT, and generally recovers

within 6 months (Chaushu et al. 1995).

The RT-induced damage to the salivary gland results in a
quantitative and qualitative change in saliva. Consequently,
there is loss of salivary function, reduction in salivary flow
and symptoms of dry mouth. The irradiated volume of
salivary gland tissue correlates directly with the severity of
oral complications (Cheng et al. 1981; Eisbruch et al. 1999;
Roesink et al. 2001). The bottom range of the mean doses
which have been found to cause significant salivary flow
reduction is from 26 to 39 Gy (Roesink et al. 2001; Eisb-
ruch et al. 2001). Changes in quantity of saliva occur shortly
after radiotherapy. With cumulative RT dose of 60-70 Gy,
more irreversible extensive damage to salivary flow rate is
detected (Vissink et al. 2003). The implementation of
alternative fractionation schedules, like hyper fractionation
and accelerated fractionation has only a negligible positive
effect on salivary gland function and morphology in animal
models (Vissink et al. 2003; Price et al. 1995; Coppes et al.
2002). However, evidence in humans shows that xerostomia
(a sensation of decreased saliva) is worse in accelerated
fractionation compared to conventional fractionation (Aw-
wad et al. 2002).

The introduction of IMRT allows more accurate delivery
of a specific radiation dose to the tumor and spares the
surrounding tissues, including major salivary glands. There
is much encouraging data suggesting that salivary gland
impairment is reduced by using IMRT compared to tradi-
tional radiotherapy techniques (Rathod et al. 2013). A
systematic review concluded that the benefits of IMRT on
salivary gland function, xerostomia, and xerostomia-related
QOL are most pronounced late (> 6 months) after radio-
therapy and there are improvements in xerostomia-related
QOL over time (Jensen et al. 2010).

It is unclear yet what the sparing effect of novel radiation
techniques such as cyberknife, protons and carbon ions is
(Thariat et al. 2011).

Dry mouth in HSCT patients is a multifactorial condi-
tion. The most common etiologies are the conditioning
regimen, chronic GVHD (¢cGVHD) and chronic adminis-
tration of medication. In addition altered oral intake may be
associated with dehydration.

(1) The conditioning regimen: Salivary secretion is sub-
stantially reduced during the conditioning stage of HSCT
(Chaushu et al. 1995). Gradual flow rate recovery typi-
cally begins a few days following HSCT. Patients con-
ditioned with chemotherapy or chemotherapy and total

lymph node irradiation display earlier and complete
recovery of saliva secretions 2—5 months after engraft-
ment. Recovery is delayed and incomplete when total
body irradiation (TBI) is added to the conditioning reg-
imen, suggesting that TBI induces irreversible damage to
the parotid glands resulting in permanent hyposalivation
(Chaushu et al. 1995).

(2) GVHD: 60 % of cGVHD patients experience hyposal-
ivation and a direct correlation is observed between the
degree of hyposalivation and the severity of GVHD
(Nagler et al. 1996; Alborghetti et al. 2005).

(3) Chronic medication use: As the vast majority of HSCT
patients remain under polypharmacy treatment, the
added risk of drug-induced dry mouth, in addition to the
impact of the cGVHD, exists.

Cancer treatment and cGVHD also result in a change of
salivary composition. Clinically, saliva color becomes yel-
lowish to brownish, mucoid, sticky and viscous. The quali-
tative changes in saliva include increased viscosity, reduced
buffering capacity, altered salivary electrolyte concentra-
tions, and increased levels of anti-bacterial proteins including
slgA, lysozyme and lactoferin (Vissink et al. 2003; Makko-
nen et al. 1986; Valdez et al. 1993; Izutsu et al. 1985; Hiroki
et al. 1994; Nagler et al. 1996). When flow rates and buffer
capacity is diminished, salivary pH is lowered. In the pres-
ence of food containing fermentable carbohydrates, plaque
pH is decreased and the lack of clearance, due to decreased
salivary flow, inhibits the rise of the plaque pH back to
normal levels. The prolonged low pH environment impairs
the balance between demineralization and remineralization
predisposing to greater demineralization and results in dental
caries. In the absence of preventive therapy, primarily fluo-
ride, the dental caries progress very rapidly (see following
paragraphs about “Dentition and Periodontium”). In addi-
tion, the acidic plaque pH provides optimal conditions for the
shift of the oral flora to a cariogenic flora (Brown et al. 1975).
Since the decrease in salivary flow rate is greater than the
increase in immunoprotein and lysozyme levels, a significant
immunoprotein deficit compromises saliva’s protective role
(Kielbassa et al. 2006).

Patients complaining about xerostomia often describe
that the discomfort increases during night and that adhesion
of the tongue to the palate necessitates repeated arousal to
drink water during their night sleep. This polydypsia lead to
nocturnal polyuria. Clinical evaluation will reveal a dry
appearance of the oral mucosa. In extreme oral dryness the
oral mucosa may be atrophic, erythematous and fissured.
Some patients may describe episodic painful swelling of the
salivary glands, which is usually caused by retrograde
infection due to the absence of the washing effect of saliva
in the salivary ducts. When such an acute sialoadentitis
exists, the salivary gland region may be swollen, the
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covering skin may be erythematous and tender, and salivary
expression upon milking will be missing.

The typical manifestation of cGVHD involving the
minor salivary glands is multiple mucoceles, with labial and
soft-palate mucosa being the most frequently involved sites.
Mucoceles often cause a disturbed sensation in the mouth
but not pain (Schubert et al. 2004). In rare cases mucoceles
may evolve into a large mucocele or ranule.

Hyposalivation has multiple additional consequences
(Schubert and Correa 2008; Vissink et al. 2003). Oral
function such as speech, chewing and swallowing, is neg-
atively affected due to insufficient wetting and lubrication of
the mucosal surfaces, as well as insufficient moistening of
the food by saliva. These conditions lead to increased
friction of the mucosal surfaces and a tendency to easily
traumatize the oral mucosa. In edentulous patients hypo-
salivation causes intolerance to prosthetic appliances and
reduced retentiveness of the prosthesis. Additionally lack of
saliva predisposes the patients to oral infections, most
commonly candidal infection.

Oral assessment of patients with xerostomia should
include a thorough evaluation of oral tissues, salivary flow
rate and, when necessary, imaging to rule out local salivary
gland obliteration. However, the data on the radiation-
induced severe drop in flow rate of both the parotid and
submandibular glands does not correspond to the functional
data derived from scintigraphic studies (Liem et al. 1996).
Therefore, it is suggested that the combination of mea-
surement of salivary flow rate and patient questionnaires is
preferred for assessment of xerostomia over scintigraphic
studies (Vissink et al. 2003).

4.5 Infections

Viral, bacterial and fungal infections are common in cancer
patients and may manifest years after cancer therapy (Belazi
et al. 2004; Redding et al. 1999).

Candidal infection is the most prevalent oral fungal
infection in cancer patients, either post-RT or post-CT. The
diminished amount of saliva, the lack of salivary immu-
noproteins and the lack of washing affect predisposes these
patients to infections. The clinical presentations include
pseudomembranous candidiasis (thrush), erythematous
candidiasis (red appearance), hyperplastic candidiasis
(white tissue overgrowth) and angular cheilitis (redness at
the corners of the mouth).

Herpes Simplex Virus (HSV) reactivation, is common in
CT and HSCT patients but rarely occurs during radiation
therapy (Epstein et al. 2002). Most of the viral infections
occur when the white blood count drops. Typically the lips
and keratinized mucosa are affected, however, during periods
of immunosuppression other oral mucosal surfaces also be

affected. The clinical presentation ranges from single to
numerous vesicles to isolated confluent extensive ulcerations.

Bacterial infections are common during immunosup-
pression, which can persist or recur in patients post che-
motherapy or HSCT. The micropathogens isolated most
frequently are Pseudomonas aeruginosa, Klebsiella pneu-
moniae, Enterobacter cloacae and Staphylococcus aureus.
There is no characteristic clinical presentation; however, a
non-specific ulceration should raise the index of suspicion
for bacterial infection.

Infected and ulcerated periodontal pockets may be a
niche for a wide variety of microorganisms, bacterial cell
wall components and pro-inflammatory cytokines that may
translocate into adjacent anatomical structures or the blood
stream and induce systemic infectious complications
(Raber-Durlacher et al. 2002; Benoliel et al. 2007; Epstein
et al. 2007). However, this risk in patients treated with
irradiation is probably not as large as in patients adminis-
tered chemotherapy, due to the relatively minor systemic
immunosuppression that RT induces.

4.6 Neuropathy and Chronic Pain

Chronic pain and specifically neuropathy are frequent in
cancer management protocols (surgery, RT, CT and HSCT).
In addition to the effect of cancer treatment, orofacial pain
can be related to the recurrence of cancer (Benoliel et al.
2007).

Postradiation neuropathy (sensory or motor) is well
documented following the treatment of head and neck
cancers; the interval between treatment and onset ranges
from 1 to 10 years, and radiation dosages from 62.5 to
100 Gy (Benoliel et al. 2007; Epstein et al. 2007; Miz-
obuchi and Kincaid 2003; King et al. 1999). The incidence
of neuropathy varies with protocols used and areas irradi-
ated (Chen et al. 2007; Kang et al. 2000; van Wilgen et al.
2004; LeCouteur et al. 1989).

Radiation induced peripheral nerve injury may occur by at
least 4 mechanisms: Direct damage to neural tissues by high
dose irradiation is one mechanism observed in experimental
animal models; Electron microscopy findings are suggestive
of axon damage and subsequent nerve fiber loss due to
radiation induced hypoxia as a mechanism of late radiation
injury to the peripheral nerve (Vujaskovic 1997), particularly
large nerve fibers at doses higher than 20 Gy; Radiation is
also known to suppress proliferation of Schwann cells (Love
et al. 1986); and lastly, connective tissue fibrosis has been
postulated to mediate neuropathy (Kang et al. 2000).

Surgically related pain involves inflammatory and neu-
ropathic pain mechanisms and is dependent on the extent of
surgery and its anatomic location. Functional consequences
are often secondary to pain, but may involve wound
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contractures and scarring (Epstein et al. 2007; Gellrich et al.
2002). In a series of patients that underwent neck dissection,
with and without radiotherapy, for head and neck cancer,
persistent neck pain and loss of sensation were commonly
encountered (van Wilgen et al. 2004). Myofascial pain was
most commonly detected (46 %), and correlated to the
extent of dissection. Neuropathic pain of the neck was
present in 32 % and correlated with radiotherapy and dis-
section level. Patients with neuropathic pain experienced
symptoms (hyperpathia, allodynia) during everyday activi-
ties such as shaving, exposure to wind or low temperatures.
Loss of sensation of the neck was present in 65 % and was
also related to type of neck dissection and radiation therapy.

Surgery to orofacial structures increases the risk for
neuropathy and chronic pain. Resection of the mandible for
tumor excision will inevitably lead to sensory impairment
(Chow and Teh 2000), with 50 % experiencing regional
hyperalgesia or allodynia. It has been reported that at
2-5 years post maxillectomy 88-90 % of patients report
persistent pain (Rogers et al. 2003). In an analysis of
patients treated for laryngeal cancer, ablative surgery (with
adjuvant chemo- and/or radiotherapy) was associated with
more chronic pain and psychosocial morbidity than in
patients treated by chemoradiation alone (Terrell et al.
1999), underscoring the negative effects of tissue loss on
pain and psychosocial well-being. Fortunately there is a
tendency for symptoms to improve with time (Hammerlid
et al. 2001). At 54-60 months post-surgery, about 15 %
have persistent pain in any of the above sites (Gellrich et al.
2002). Long term H&N cancer survivors (> 3 years) still
suffer from significantly more pain and functional problems
than matched control subjects, but with a relatively quicker
return to normal general function and mental health
(Hammerlid et al. 2001; Hammerlid and Taft 2001).

Some cytotoxic agents may cause jaw pain and neuropa-
thy. Most of these drugs are administered for a limited
duration and thus have no long-term effect (e.g., vincristine,
vinblastine, platinum) (Hilkens et al. 1997). Additionally
non-cytotoxic drugs often employed in cancer treatment (e.g.,
interferons, thalidomide) or in supportive protocols (e.g.,
amphotericin-B) also induce paresthesias and other sensory
neuropathies (Benoliel et al. 2007). Significant oral neurop-
athies seem unusual (Elad et al. 1997; Zadik et al. 2010).

4.7 Dentition and Periodontium

In the absence of effective preventive regimens, advanced
dental caries is observed in patients with dry mouth. This is
mostly seen in patients post RT or in patients suffering from
cGVHD of the salivary glands. This form of dental caries
progress rapidly and is typically localized at the cervical
aspects of the teeth. However, it has been noted that

accelerated dental caries can be present in other cancer
patient populations, including patients post CT, though to a
lesser extent. For example, in a comparison of cancer pedi-
atric patients to their siblings, the long-term survivors had a
significantly higher number of decayed surfaces as compared
with their siblings (Duggal et al. 1997).

As has been described before, dental-caries risk increases
secondary to a number of factors including decreased
clearance and prolonged plaque pH depressions, shifts to a
cariogenic flora, reduced concentrations of salivary anti-
microbial proteins, and loss of mineralizing components
(Kielbassa et al. 2006; Silverman 2003). Tooth hypersen-
sitivity which is observed in many of cancer patients may be
due to the same mechanisms but occur before dental decay
is clinically obvious (Kielbassa et al. 2006). There are no
histological differences between initial radiation caries
lesions and healthy incipient lesions and the demineraliza-
tion and remineralization mechanisms appear to be the same
for both (Kielbassa et al. 2006).

A number of studies show that periodontal attachment
loss and tooth loss due to periodontal disease is greater in
irradiated areas than in non-radiated areas. The periodontal
impairment is manifested in increased probing depth,
increased recession on the facial aspects and increased
mobility of teeth (Epstein et al. 1998; Marques and Dib
2004). This periodontal response to RT is probably due to
decreased vascularity and acellularity of the periodontal
membrane with rupturing, thickening, and disorientation of
Sharpey’s fibers and widening of the periodontal space
(Vissink et al. 2003).

The long-term effects of chemotherapy are of less concern
than those associated with high dose radiation therapy,
because chemotherapy effects are reversible. In neutropenic
patients, acute exacerbations of chronic periodontal disease
can be potentially life threatening requiring aggressive
antimicrobial therapy (Epstein and Stevenson-Moore 2001).

Data are scarce about the risk of periodontal disease post
HSCT. Pattni et al. did not find periodontal health to be
decreased when patients were followed 6 months post allo-
geneic HSCT and no significant alterations in the prevalence
of periodontal pathogens occurred during the study period
(Pattni et al. 2000). However, this study included patients that
were relatively periodontally healthy prior to HSCT and
follow up time was short. A recent study reported that the risk
of developing dental caries or periodontal attachment loss
after transplant is associated with HLA type (Dobr et al.
2007). There is anecdotic evidence that periodontal infection
may trigger GVHD and oral GVHD ameliorates when peri-
odontal treatment is provided (Schubert and Correa 2008).
While no clinical trial addressed the association of GVHD
and periodontal disease fully, it is noteworthy that one of the
typical presentations of oral cGVHD is desquamative gin-
givitis. The combination of chronic inflammation with long-
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term steroid treatment may lead to gingival atrophy. The
vulnerable atrophic gums may deteriorate and the patient
may present with advanced gingival recession.

These findings emphasize the need for proper peri-
odontal treatment. Mechanical oral hygiene procedures,
such as brushing and flossing, to remove the etiologic fac-
tors of inflammatory periodontal disease are beneficial
(Epstein and Stevenson-Moore 2001).

4.8 Trismus and Loss of Elasticity

Trismus may be caused by fibrosis of the muscles of mas-
tication after high-dose RT to the oral cavity or oropharynx
(Manon et al. 2008). A systematic review of trismus in head
and neck oncology showed that radiotherapy (follow-up:
6—12 months), involving the structures of the temporo-
mandibular joint and or pterygoid muscles, reduces mouth
opening by 18 % (Dijkstra et al. 2004).

The underlying disease and the surgery may amplify
tissue fibrosis. Perioral fibrosis may limit mouth opening,
thus significantly impacting the quality of life of the patient.
In addition to difficulty with oral intake, trismus may
compromise speech, oral hygiene, tumor surveillance, the
ability to safely secure an airway and may increase the risk
of aspiration. Furthermore, in patients who use an obturator
after maxillectomy, trismus may limit proper postoperative
maintenance of the appliance (Bhrany et al. 2007).

Motor deficits following HSCT are not uncommon, and
have two major etiologies, the most dominant being
cGVHD of sclerodema-like type, which is less common
than the lichenoid type. However, it may deteriorate into an
inability to activate the mastication apparatus. Scleroder-
matous changes can result in perioral fibrosis that decreases
oral opening and limited tongue movement, interfering with
oral function (Schubert and Correa 2008). TBI administered
during the conditioning regimen is a contributing factor for
fibrosis and limitation of mouth opening. However, the
effect of radiotherapy in the doses typically used in my-
eloablative HSCT (1,200 Gy), is not as pronounced com-
pared to those typically used to treat head and neck cancers
(4,500-7,000 Gy). The effect of TBI is most pronounced
when administered at young age (Dahllof et al. 1994).

4.9 Osteoradionecrosis and Osteonecrosis

of the Jaws

Osteoradionecrosis (ORN) is a relatively uncommon clini-
cal entity related to hypocellularity, hypovascularity, and
ischemia, with a higher incidence after cumulative radiation
doses to the bone which exceed 65 Gy (Vissink et al. 2003).
This process may be spontaneous, but it is usually related to

trauma such as a tooth extraction and may progress to

pathological fracture, infection of surrounding soft tissues,

and severe pain. The risk of ORN does not diminish over
time and may even increase.

Bisphosphonates are commonly prescribed for the treat-
ment of hypercalcemia associated with breast and prostate
cancers, osteolysis associated with metastatic bone disease,
especially multiple myeloma, Paget’s disease, and for the
treatment and prevention of post-menopausal corticosteroid-
induced osteoporosis (Lindsay 2001). Since late 2003, there
have been reports a possible association between bis-
phosphonate use and the appearance of osteonecrosis of the
jaw (ONJ) (Pogrel 2004; Wang et al. 2003). Clinical signs
and symptoms of this pathological process are pain, ery-
thema, bone exposure, fistula, purulent secretion, sensory
abnormality or swelling (Khosla et al. 2007). These may
deteriorate into pathological jaw fractures, oro-antral fistu-
lae, and airway obstruction. The impact on the quality of life
is extreme as all essential oral functions are affected.

ONJ probably results from the inability of hypodynamic
and hypovascular bone to meet an increased demand for
repair and remodeling owing to physiologic stress (masti-
cation), iatrogenic trauma (tooth extraction or denture-
induced local injury), or tooth infection in an environment
that is both trauma-intense and bacteria-laden. Coexisting
factors may include the use of other medications with anti-
angiogenic properties such as glucocorticoids, diabetes
mellitus, irradiation of the jawbone, peripheral vascular
disease and hyperviscosity syndrome (Khamaisi et al. 2007).

The incidence of ONJ is higher if intravenous bisphos-
phonates are administered, compared to oral bisphospho-
nates and the risk increases with duration of exposure. The
reported frequency of ONJ ranges from 0.6 to 6.2 % in breast
cancer patients, from 0 to 18 % in prostate cancer patients,
and from 1.7 to 15 % in patients with multiple myeloma
(Hoff et al. 2011). The incidence of ONJ is 1.5 % among
patients treated with these agents for 4—12 months, rising to
7.7 % after treatment for 37—48 months (Bamias et al. 2005).

The American Association of Oral and Maxillofacial
Surgeons position paper outlined a staging system (Ruggi-
ero 2009).

e At risk: No apparent necrotic bone in patients who have
been treated with either oral or IV bisphosphonates.

e Stage 0: No clinical evidence of necrotic bone, but non-
specific clinical findings and symptoms.

e Stage 1: Exposed and necrotic bone in asymptomatic
patients without evidence of infection.

e Stage 2: Exposed and necrotic bone associated with
infection and pain and erythema in the region of exposed
bone with or without purulent discharge.

e Stage 3: Exposed and necrotic bone in patients with pain
and infection and one or more of the following: exposed
and necrotic bone extending beyond the region of
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alveolar bone, (i.e., inferior border and ramus of the

mandible, maxillary sinus and zygoma) resulting in

pathological fracture, extraoral fistula, oral antral/oral

nasal communication, or osteolysis extending to the

inferior border of the mandible or the sinus floor.

Osteonecrosis may be associated to medications other
than bisphosphonates, such as denozumab, bevacizumab
and sunitinib is new (Hellstein et al. 2011; Sivolella et al.
2013). It seems that the overall incidence of denosumab-
related ONJ is similar to that of bisphosphonate-related
ONIJ. The incidence of ONJ due to the anti-angiogenic
drugs is lower. Although this complication is considered
rare following bevacizumab or sunitinib, its seriousness
requires taking a cautious approach and avoiding risk fac-
tors known in bisphosphonates-related ONJ.

4,10 Developmental Abnormalities

Skeletal and dental growth abnormalities may result in
patients that are treated with irradiation during their child-
hood or adolescence. For this reason RT is nowadays
avoided in this population. Several studies about the late
effect in long-term survivors of children cancer have been
reported (Paulino et al. 2000; Duggal et al. 1997; van der
Pas-van Voskuilen et al. 2009; Otmani 2007; Duggal 2003;
Oguz et al. 2004).

Disturbances in odontogenesis in irradiated pediatric
patients result in microdontia, short or blunted roots, small
crowns, incomplete calcification, enlarged pulp chambers,
premature closure of apices and delayed, hypodontia or
arrested development of teeth. These changes in the teeth
can cause malocclusions (Otmani 2007; Duggal 2003).

Long term effects of HSCT on dental development in
children are observed in nearly all patients examined,
including agenesis, short roots, and arrested root development
(van der Pas-van Voskuilen et al. 2009; Dahllof et al. 1989). In
one study, children who were under 3 years of age at the start
of cytotoxic treatment presented with the highest number of
missing teeth (van der Pas-van Voskuilen et al. 2009). Another
study identified 5 years of age at the start of cytotoxic treat-
ment as the age in which most severe disturbances are found
(Dahllof et al. 2001). The observation that the most severe
disturbances takes place between the ages of 3—5 is compatible
with the fact that calcification of permanent teeth starts
approximately at the time of birth. Root formation is com-
pleted after the tooth has erupted into the oral cavity. During
active growth teeth are susceptible to environmental distur-
bances; similar long-term effects on dental structures were
reported in children with non-Hodgkin lymphoma, including
enamel discoloration (Oguz et al. 2004).

The development of the craniofacial skeletal structures
may be abnormal (Otmani 2007; Denys et al. 1998; Karsila-

Tenovuo et al. 2001; Gevorgyan et al. 2007). These changes
are secondary to the effects of radiation on cartilaginous
growth centers located in condyles of the mandible and on
the sutural growth centers of the maxilla. Such skeletal
abnormalities include mandibular and maxillary hypoplasia
(Paulino et al. 2000). Facial growth is affected by lower
doses of RT, such as the doses given in the conditioning
regimen to the HSCT. Significant reductions in length of
both jaws and a decrease in the alveolar height have been
observed (Dahllof et al. 1994). Craniofacial and dental
abnormalities can cause severe cosmetic or functional
sequelae, necessitating surgical or orthodontic intervention.

4.11 Secondary Malignancy
Secondary malignancies in the oral tissues have been
reported, particularly in HSCT patients. Data are also
available for patients post RT to the head and neck.
Patients undergoing allogeneic HSCT are at a high risk
of developing secondary neoplasms. Studies assessing the
risk of cancer among long-term survivors of HSCT have
demonstrated a low but significant risk of secondary neo-
plasms, with the reported incidence being 4-7 fold that of
the general population (Bhatia et al. 1996; Witherspoon
et al. 1989). Malignancies occurring after HSCT may be of
hematologic or lymphoproliferative origin, or may be solid
tumors. The first category is relatively frequent and devel-
ops early in the post-transplant period, while secondary
solid tumors are less common and the incidence appears to
increase over time (Demarosi et al. 2005).
Post-transplantation lymphoproliferative disorder
(PTLD) has been defined by the WHO as a lymphoid pro-
liferation or lymphoma that develops as a consequence of
immunosuppression in a recipient of a solid organ or bone
marrow allograft (Harris et al. 2001). PTLD is associated
with compromised immune function and Epstein—Barr virus
infection (Bhatia et al. 1996; Witherspoon et al. 1989).
Manifestations of PTLD include lymphoma-related
B-symptoms, compression of organs and anatomical struc-
tures by the malignant mass or a disease mimicking viral
infection (Micallef et al. 1998; Loren et al. 2003). Oral
involvement of PTLD is rare. Most oral presentations are
reported for PTLD following solid organ transplantation
(Elad et al. 2008; Ojha et al. 2008). PTLD manifesting as a
gingival crater-like defect and an ulcerated dark-red mass has
been reported post HSCT (Elad et al. 2008; Raut et al. 2000).
Since the oral cavity is one of the most prevalent sites for
solid cancers post-HSCT, oral cancer is not as rare as oral
PTLD (Curtis et al. 1997). The risk of new oral cancer post-
HSCT is increased 11-fold in patients post allogeneic
HSCT; however this increases 70-fold in over 10 year
survivors; (Bhatia et al. 1996; Witherspoon et al. 1989;
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Curtis et al. 1997) The vast majority of cases are oral
squamous cell carcinoma (Demarosi et al. 2005). Salivary
gland tumors are reported as well (Curtis et al. 1997).

The risk for any solid cancer following HSCT, including
oral cancer, is higher for recipients who are younger at the
time of transplantation than for those who are older and for
patients treated with higher doses of TBI. Furthermore,
specific risk factors for oral cancer has been identified,
including cGVHD (Demarosi et al. 2005; Curtis et al.
1997). GVHD treatment may also be associated with the
development of cancer (Deeg et al. 1996).

Additional risk factors have been suggested contributing to
the development of post-transplant neoplasms, including
being male (Demarosi et al. 2005), viral infection and anti-
genic stimulation by viral or donor-recipient histocompati-
bility differences, and genetic predisposition (Demarosi et al.
2005).

The nature of oral cancer in GVHD patients is aggressive,
and tends to include repeating primary tumors and multi-
focality (Mawardi et al. 2011). Therefore, in cGVHD patients
vigilant follow-up and coordination of care are critical.

Of special interest are patients with Fanconi Anemia
(FA) who undergo HSCT. FA long-term survivors of HSCT
have increased risk of solid tumors, particularly of the oral
cavity, which is even higher than the already high “base-
line” risk of neoplasia in untransplanted FA patients (Alter
2005). Most of these cancers are squamous cell carcinomas.

The carcinogenic effect of ionizing radiation has long
been recognized. The latent interval between RT and the
development of cancer varies from several to many years.
Early studies concluded that moderate or high-dose RT did
not produce any new squamous cell carcinomas of the oral
mucosa (Loprinzi et al. 2004). A later study showed con-
trary trends with radiation becoming a risk factor after
10 years of follow-up for solid cancers of the oral cavity,
pharynx, esophagus, lung (2.8, 5.9, 3.9, 1.5 times fold than
in the healthy population, respectively), and after 1-5 years
of follow-up for second primary leukemia (2.5 times fold
than in the healthy population) (Hashibe et al. 2005).

An association has been noted between RT and thyroid
tumors. The latent period is usually 10-30 years. Almost all
reported cases have followed low doses of RT (Loprinzi
et al. 2004). Not all thyroid neoplasms after RT are
malignant, and many of the malignant neoplasms that do
develop are curable with surgery.

5 Management
5.1 General Preventive Dental Care

Prior to the initiation of cancer treatment, especially head
and neck RT and myelocytotoxic chemotherapy, a thorough

oral and dental evaluation, including radiographic imaging,
should be performed. The treatment plan should aim to
remove or minimize potential sources of infection in order
to prevent immediate infections and late complications
(Bradley et al. 2003; Manon et al. 2008). Dental prophylaxis
including scaling, root cleaning, and polishing reduces the
number of potential sites of infections. Patient education in
oral hygiene techniques is of utmost important. Patient
should perform thorough oral hygiene measures, using a
soft toothbrush and floss or an interproximal brush, and a
fluoridated toothpaste. In addition they should use a topical
fluoride rinse or gel daily (Bradley et al. 2003; Rankin
2008). Custom-made dental fluoride trays can be fabricated,
and the daily application of a neutral 1.1 % sodium fluoride
gel or a 0.4 % stannous fluoride gel should be recom-
mended. Neutral pH fluoride products are designed to
reduce irritation to the oral mucosa.

Several products may curb demineralization and
enhancing remineralization (Papas et al. 2008). For example
a supersaturated Ca—P rinse, casein phosphopeptide-amor-
phous calcium phosphate (CPP-ACP), or casein derivatives
complexed with calcium phosphate (CD-CP). Human in situ
studies have shown that casein products are buffered by
saliva which stabilizes and localizes amorphous calcium
phosphate in the plaque and maintains a state of supersat-
uration compared to enamel (Reynolds et al. 2008).

Restorative dental procedures including endodontic
treatment should be performed for restorable teeth. Sharp
dental cusps or anything that could cause intra-oral trauma
should be eliminated in order to minimize mucosal injury
during RT. Poor restorations with loose contact points
should be repaired in order to prevent food impaction and
papillitis. Alternatively, patients should be instructed to
keep meticulous oral hygiene using interproximal dental
hygiene aids.

Before RT, dentition in poor condition should be con-
sidered for extraction to minimize the subsequent risk of
osteoradionecrosis. Such teeth include teeth in high-dose
radiation areas that demonstrate significant periodontal
disease, advanced caries, dentoalveolar abscess and apically
involved teeth within the radiation field or teeth that are
unrestorable. In addition, impacted teeth and teeth that have
no antagonist to oppose should be considered for extraction.
Poor oral hygiene is a factor supporting the extraction of
teeth that are marginal. Gingival morphology resulting in an
operculum, which creates a sanctuary for micropathogens,
should be considered for operculectomy or extraction of the
involved tooth. A similar approach is appropriate prior to
initiation of therapy with bisphosphonate, denosumab and
anti-angiogenic agents.

Timing of the dental treatment is a factor to consider.
The optimum management for the patient receiving che-
motherapy requires that the patient be seen by the dental
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practitioner before chemotherapy begins. In general, oral
care should be completed at least 1 week before chemo-
therapy starts. This will leave approximately 2 weeks
before the patient will be at greatest risk of oral compli-
cations (Bradley et al. 2003). If an extraction is required,
neutrophil count and platelet count will be critical. With
neutrophil ~ counts  of > 2,000/mm® and  platelet
counts > 75,000/mm3, no other preoperative interventions
are necessary. However, if counts are lower, supplementa-
tion may be needed, such as prophylactic antibiotics,
injection of granulocyte growth factor or platelet transfu-
sion. It is advantageous to the patient to set this baseline
before the initiation of CT.

After RT, patients should be monitored frequently.
Dental routine procedures can be performed (Loprinzi et al.
2004). However, invasive periodontal or surgical proce-
dures should be avoided. When the surgical procedure is
necessary, atraumatic techniques should be utilized and
primary closure should be obtained. Prophylactic antibiotics
should be considered and hyperbaric oxygen may be an
adjuvant according to well-known protocols (Bradley et al.
2003; Koga et al. 2008; Rankin 2008).

After chemotherapy the dental recall schedule should
enable the implementation of optimal preventive measures
(Bradley et al. 2003; Rankin 2008). Prior to any dental
intervention hematologic status should be determined.
Optimal oral health should be maintained, especially in light
of the potential to have future myelosuppression episodes.

During the first 100 days after HSCT the patient is at
increased risk for multiple complications. These complica-
tions are reduced after day 100 and decrease thereafter.
Therefore, up to 100 days post-transplant, only emergency
oral care should be delivered (Bradley et al. 2003). From
100 to 365 days post-transplant the spectrum of dental
treatment can be extended. After 365 days post-transplant
routine dental care can be provided with adjustments of the
dental treatment plan, if manifestations of cGVHD are
present.

5.2 Oral Mucosal Alterations

During late post-therapy period most CT- or RT-induced
ulceration has resolved and chronic pain is managed using
topical or systemic pharmacologic interventions. The first
line of treatment is topical anesthetics (e.g., viscous xylo-
caine). However their efficacy for chronic pain is limited.
The efficacy of mixtures of topical anesthetics with anti-
histamines, coating agents, anti-inflammatory or antibiotics
to prevent secondary infections has been reported in the
literature. Sometimes pain requires treatment with systemic
analgesics or narcotics. Scrupulous hygiene is essential to
prevent secondary infections.

Management of oral GVHD includes appropriate sys-
temic therapy combined with proper oral hygiene and use of
topical drugs (Schubert and Correa 2008; Imanguli et al.
2006). Because extensive cGVHD often involves multiple
organs, systemic treatment is indicated. Systemic therapy
starts with steroids and, if unsuccessful, other immuno-
suppressive agents or immunomodulators, such as azathio-
prine, mycophenolate mofetil and thalidomide, are used
alone or in combination (Imanguli et al. 2006). Topical
treatment is needed when the oral mucosa does not respond
to high doses of systemic corticosteroids or when the only
lesions are on the oral mucosa (Couriel et al. 2006). In
general, topical steroid preparations, such as flucinonide
and clobetasol gel, and steroid elixirs (dexamethasone or
betamethasone), are used as local treatment for GVHD.
Budesonide is a highly potent steroid and its very low
bioavailability when absorbed through mucosal surfaces
minimizes systemic side effects. (Elad et al. 2003; Sari et al.
2007; Elad et al. 2012) Additional approaches to the local
management of oral GVHD may be considered, including
topical anti-inflammatory and immunosuppressive agents
such as azathioprine (Epstein et al. 2001). cyclosporine
(Epstein and Truelove 1996; Eckardt et al. 2004), and oral
psoralen plus ultraviolet A (PUVA) therapy (Redding et al.
1998). Other local modalities including CO, laser and
ultraviolet B (UVB) have been employed with anecdotal
reports of success (Elad et al. 1999).

5.3  Taste Disorders
Although sporadic studies suggest the benefits of certain
interventions, two systematic reviews failed to demonstrate
any significant improvement in dysgeusia (National Cancer
Institute 2008; Ruo Redda and Allis 2006; Hovan et al.
2010; Gamper et al. 2012).

Amifostine, a cytoprotective agent, has been used during
radio-chemotherapy to prevent the loss of taste (Loprinzi
et al. 2004; Vissink et al. 2003; Buntzel et al. 2002),
however the results are questionable because of the heter-
ogeneity of the study populations.

Zinc sulfate supplements reportedly help with taste
recovery (National Cancer Institute 2008), however others
found this supplements ineffective (Halyard et al. 2007).

Dietary counseling helps adaptation to the loss of taste
and serves to prevent reduced food intake which results in
weight loss and nutritional deficiencies.

5.4 Salivary Gland Dysfunction

The most effective intervention for hyposalivation is its
prevention. Prevention of RT damage to the salivary glands
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is best achieved by limiting the areas exposed to radiation
using three-dimensional treatment planning and conformal
dose-delivery techniques (Hazuka et al. 1993; Nishioka et al.
1997; Henson et al. 2001). IMRT reduces the incidence of
late salivary gland toxicity (Eisbruch et al. 2001; Wu et al.
2000; Saarilahti et al. 2005; Pacholke et al. 2005; Chambers
et al. 2007). Of secondary importance, as a preventive
strategy, is the pharmacological stimulation of salivary flow
with sialogogues (Zimmerman et al. 1997). Continuous
pilocarpine administration may protect the glands (Vissink
et al. 2003). The benefits of pilocarpine may be due to
stimulation of the minor salivary glands or parts of the major
salivary glands (Vissink et al. 2003). According to the
MASCC/ISOO systematic review, early use of pilocarpine to
prevent the salivary gland damage is not supported by con-
sistent evidence and therefore is not recommended (Jensen
et al. 2010). Another strategy to spare the salivary glands is
the use of a radioprotector such as amifostine (a free-radical
scavenger) (Antonadou et al. 2002; McDonald et al. 1994).
Unfortunately multiple side-effects of this drug, together
with the potential protection of the tumor impede its accep-
tance. An unusual technique reported to prevent RT damage
to the salivary glands is surgical transfer of the sub-
mandibular gland (out of the radiation field) prior to RT
(Seikaly et al. 2001). The long-term outcomes of this tech-
nique showed prevention of xerostomia in 83 % of the
patients 2 years post RT (Seikaly et al. 2004). Based on a
systematic review it was suggested that the obtained level of
sparing by submandibular salivary gland transfer might be of
clinical significance (Jensen et al. 2010).

Once it occurs, treatment of chronic xerostomia essen-
tially relies upon the use of saliva substitutes for palliation
and/or mechanical, gustatory or chemical sialogogues to
stimulate the flow rate.

Water and glycerin preparations, or commercially pre-
pared “artificial saliva” are used. Newer artificial saliva
solutions added electrolytes and enzymes to mimic the
natural consistency of saliva.

Several pharmacologic sialogugous have been reviewed
in the literature. (Vissink et al. 2003; Dirix et al. 2006) The
use of several agents has been reported including brom-
hexine, anethole-trithione, bethanechol chloride, potassium
iodide, neostigmine, and reserpine. However, the side
effects of these agents led patients and clinicians to abandon
them.

Pilocarpine has been widely used for the last three dec-
ades in RT and HSCT patients (Singhal et al. 1995). Pilo-
carpine is a cholinergic stimulant that acts on
postganglionic cells that enervate smooth muscles and
exocrine glands (e.g., the sweat and salivary glands). Best
results were obtained with continuous treatment for
8—-12 weeks with doses > 2.5 mg three times per day.
There was no major drug-related toxicity. Residual

functional salivary gland parenchyma is needed in order for
any sialogogue to be effective.

In recent years cevimeline, a cholinergic stimulant, has
gained recognition for its effectiveness and with fewer side
effects (Petrone et al. 2002; Chambers et al. 2007; Carpenter
et al. 2006). Cevimeline acts on M3 muscarinic receptors
which are mainly found in the salivary and lacrimal glands,
therefore it has minimal limited effects on the lungs and heart,
which have M2 and M4 muscarinic receptors (Nieuw Amer-
ongen and Veerman 2003). Gustatory stimuli with an acid-
tasting substance and tactile stimuli with chewing gum can
increase salivary secretion and may be an important compo-
nent in the palliation of xerostomia (Dirix et al. 2006; Olsson
etal. 1991). Another principal component of palliation is saliva
substitute solutions, gels or sprays (Dirix et al. 2006; Momm
et al. 2005). However, the moistening effect of saliva substi-
tutes is of limited duration, and therefore patients often use
water. Hypnosis, guided imagery and acupuncture may assist
some patients (Braga et al. 2008). Gene transfer technology is
currently being investigated and may open new therapeutic
opportunities for these patients (Cotrim et al. 2006).

5.5 Infections

Oral infections can be prevented by good oral hygiene,
routine rinsing and moistening of the oral cavity and, when
indicated, anti-fungals, anti-virals or anti-bacterials. Vari-
ous topical and systemic medications are available. There
seems to be evidence supporting the use of systemic anti-
fungal and anti-viral agents, but clearly these medications
have side effects (Lalla et al. 2010; Elad et al. 2010.

5.6 Neuropathy and Chronic Pain

Treatment depends on the type of chronic pain as suggested
by the American Headache Society (AHS) and International
Association for the Study of Pain (IASP). It includes tri-
cyclic-antidepressants, gabapentine and its derivatives
(Benoliel et al. 2007; Merskey and Bogduk 1994). For drug-
induced neuropathy, dose-adjustment of suspected drug is
needed. Physiotherapy may relieve post-operative muscu-
loskeletal pain (Benoliel et al. 2007; Epstein et al. 2007).

5.7  Dentition and Periodontium

Treatment strategies must be directed to each component of
the caries process. The frequency of consumption of fer-
mentable carbohydrates should be reduced. Optimal oral
hygiene must be maintained. Xerostomia should be man-
aged whenever possible via salivary substitutes or
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stimulants. Caries resistance can be enhanced with use of
topical fluorides and/or remineralizing agents (Meyerowitz
and Watson 1998; Meyerowitz et al. 1991). Efficacy of
topical products may be enhanced by increased contact time
on the teeth by application using vinyl carriers (National
Cancer Institute 2008; Chambers et al. 2007; Dirix et al.
2006; Hay and Thomson 2002). If carious lesions develop,
removal and restoration should take place immediately.

Whenever possible, teeth should be retained to support
tooth-borne appliances. Although tissue-borne prostheses
are not contraindicated, mucosa that appears fibrosed, tel-
angiectatic, and atrophic is at greater risk of subsequent
damage from prostheses. The periodontium should be
maintained in optimal condition by periodic routine peri-
odontal care. There are no particular contraindications for
endodontic procedures.

5.8 Trismus and Loss of Elasticity

Physical therapy interventions such as mandibular stretching
exercises as well as prosthetic aids designed to reduce the
severity of fibrosis are beneficial (Dijkstra et al. 2004;
Bensadoun et al. 2010). This appears to be particularly useful
in the prevention of trismus because once contraction occurs,
such maneuvers are far less effective. Less expensive tongue
blades may be inserted between the teeth to increase the inter-
incisor distance until slight pain is encountered. The exer-
cises should be performed for 30 s every few hours, and
heating the muscle area before and after exercise may
increase flexibility. Anti-inflammatory and muscle relaxant
drugs may be prescribed in selected cases (Bradley et al.
2003). Microcurrent electrotherapy and pentoxifylline sig-
nificantly increase mouth opening, but these modalities are
rarely employed (Dijkstra et al. 2004). A recent paper
describing a limited intra-oral surgical approach in an oral
cGVHD patient reported success (Treister et al. 2012).

Osteoradionecrosis and Osteonecrosis
of the Jaws
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Often conservative treatment of ORN with antibiotics and
surgical debridement is unsuccessful. Hyperbaric oxygen is
highly effective in the treatment of ORN (National Cancer
Institute 2008; Harding et al. 2008). The boost of oxygen-
ation in the irradiated poorly healing wounds is probably the
explanation for this. Hyperbaric oxygen stimulates angio-
genesis, with increased neovascularization and optimization
of cellular levels of oxygen for osteoblast and fibroblast
proliferation, collagen formation, and support of ingrowing
blood vessels. The hypoxic, acellular matrix in the postir-
radiated field is changed to a hypercellular, hyperoxic/

normoxic situation (Myers and Marx 1990). Furthermore,

hyperbaric oxygen —based preventive protocol are accepted

as a standard of care before dental extraction and include 20

or more presurgical HBO treatments and 10 or more post-

surgical HBO treatments. If ORN is diagnosed, protocol

calls for 1 compression/decompression cycle per day for 5

days per week. Patients who meet the definition of ORN

begin with staged treatment (Bradley et al. 2003):

e Stage I: If the wound shows definitive clinical improve-
ment after 30 compression/decompression cycles, the
patient is given a full course of 60 compression/decom-
pression cycles. If there is no improvement after 30
compression/decompression cycles, the patient is
advanced to stage II.

e Stage II: A transoral alveolar sequestrectomy with pri-
mary closure is done and the compression/decompression
cycles are resumed. If healing progresses without com-
plication, a total of 60 compression/decompression cycles
are completed. If there is incomplete healing, the patient
is advanced to stage III.

e Stage III: The patient undergoes a resection of the necrotic
bone, the margins of which are determined by the presence
of bleeding bone or by TCN fluorescence. Compression/
decompression cycles are continued until healthy mucosal
closure is obtained or a total of 60 compression/decom-
pression cycles are given. The patient is then advanced to
stage III-R. A patient can enter this stage directly if he/she
presents with a pathologic fracture, orocutaneous fistula,
or radiographic evidence of resorption to the inferior
border. An initial course of 30 compression/decompres-
sion cycles are given in these cases.

e Stage III-R: Ten weeks after resection, 20 additional
compression/decompression cycles are given and bone
graft reconstruction is accomplished from a transcutane-
ous approach.

Several position papers on the presentation, predisposi-
tion, prevention and recommendations for treatment of
osteonecrosis of the jaw in patients receiving bisphospho-
nates have recently been published (Khosla et al. 2007,
Ruggiero 2009; Migliorati et al. 2005). The underlying
principle is prevention of ONJ since no curative treatment is
available. The main goal of treatment is palliation and
infection control. Surgery other than the removal of loose
bony sequestra, without exposing uninvolved bone, is to be
avoided. Empiric antibiotic regimens have been imple-
mented for various durations.

5.10 Developmental Abnormalities
Orthodontic treatment may be required in case of disturbed

orofacial growth. A study in long-term survivors after
pediatric HSCT showed that ideal treatment results were not
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always achieved. The patients sample was too small to
conclude the reason for this unsatisfactory result (Dahllof
et al. 2001). Yet the orthodontic treatment did not produce
any harmful side effects, even though most of the treated
children exhibited severe preexisting disturbances in dental
development (Dahllof et al. 2001).

5.11 Secondary Malignancy

Treatment for PTLD consists of anti-viral medication and
reduction of immunosuppression, which may lead to com-
plete resolution of PTLD. Treatment may include inter-
vention with chemotherapy and/or radiotherapy, cytokines
(interferon or Interleukin-6), intravenous immunoglobulins,
anti-B cell antibodies or cellular immunotherapy (Loren
et al. 2003). Surgery may be considered when the lesion is
accessible.

Lifelong surveillance is imperative in cGVHD patients
because of the increased cancer risk over time after trans-
plantation. Frequency of recalls is higher when a dysplastic
or malignant lesion is diagnosed. In addition, it is crucial
that patients should avoid carcinogenic exposures, such as
smoking. The treatment of oral cancer following HSCT
generally follows the standards in non-HSCT patients.
However, it is unclear if the use of RT in patients with
GVHD will further increase the risk for secondary oral
cancer.

6 Future Research

The field of oral medicine in oncology patients is broad and

there are many topics of research. New frontiers include:

1. Validation of a predictive salivary function model that
will enable the development of specific preventive
measures. The extent of tissue sparing and preservation
of salivary gland function by the new radiotherapy
techniques is unknown.

2. Identification of markers that determine the risk for
osteonecrosis of the jaws may facilitate the formulation
of a protective algorithm that can be adjusted to meet the
needs of specific sub-population. Genetics may be a key
factor in this form of personalized medicine.

3. Considering the chronic nature of GVHD and its diffuse
variable presentation, sophisticated microscopic imaging
tools, such as confocal microscopy, may allow early
detection of potentially malignant lesions. Development
of targeted focal treatments such as photodynamic
therapy may address the multi-focality and the recur-
rence of oral cancers.

7 Summary

Given early and more refine diagnosis of cancer patients
and the efficacy of anti-cancer therapies, the number of
long-term cancer survivors has increased. In addition, the
number of patients undergoing HSCT has steadily
increased. Improvement in survival rate following HSCT
has resulted in a need to assess issues related to long-term
complications. Cancer treatments lead to substantial oral
and dental complications. Early and comprehensive dental
treatment and oral care is essential and it requires a multi-
disciplinary health team. Attention to dental and oral health
before and after cancer therapy can ensure that important
oral functions, such as eating, talking, swallowing and
speaking are maintained for the remainder of the cancer
patient’s life.
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