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Abstract

Oral pain due to cancer and associated treatments is common. The prevalence and severity of oral cancer is high. Painful oral
mucositis develops in head and neck cancer patients following surgery and associated radiation therapy and/or
chemotherapy. In addition, oral pain, including pain from mucositis, occurs in patients receiving chemotherapy for cancers
of the hematopoietic system and cancers at other anatomic sites. Despite pain management practices that include high-dose
opioid analgesics, patients rarely obtain relief from either head and neck cancer pain or mucositis pain. Because oral pain in
cancer patients is likely due to both nociceptive and neuropathic mechanisms, effective management of pain requires treat-
ments for both processes. As knowledge of the pathophysiology of oral pain in cancer patients increases, new approaches for
the prevention and management are anticipated. This article focuses on the emerging evidence that supports the molecular
mechanisms and the unique oral micro-neuroanatomy that in combination produce the severe oral pain experienced by can-
cer patients. In addition, this article summarizes the current state of clinical management of oral mucositis pain.

Although the occurrence of pain due to head and neck cancer
(HNC) is variable, it is reported to be as high as 85% at diagnosis
(1–3). Whereas complete surgical resection provides near com-
plete relief of HNC-related pain, many HNC patients require ra-
diation therapy (RT) with or without chemotherapy, which can
lead to long-lasting pain (4). For HNC patients receiving RT,
pain intensity increases during treatment, is highest at the 2
week follow-up, and persists at the 3-month follow-up (5).
Neuropathic pain descriptors are selected by almost three-
quarters of patients (73%), which suggests that neuropathic
pain is common in patients with HNC throughout treatment.
More than one-half of patients report continuous pain, and ap-
proximately 80% of patients report both continuous and inter-
mittent episodes of pain. These findings are supported by other
studies that demonstrate that 30% of HNC patients experience
neuropathic pain. Mixed nociceptive and neuropathic descrip-
tors were chosen by 93% of HNC patients at diagnosis (6). The
affective and evaluative descriptors chosen for HNC pain sug-
gest that this pain has a considerable impact on patients’ qual-
ity of life even when the intensity is described as low to
moderate. These findings suggest that clinicians should con-
sider concurrent management of both nociceptive and neuro-
pathic pain in HNC patients.

Oral mucositis is a toxic effect of systemic chemotherapy, RT
to the head and neck region, and targeted therapies. Oral muco-
sitis and associated pain are reported to be the most distressing
symptom during and after RT, with increasing pain intensity
and pain interference scores by week 3, peaking at week 5, and
persisting following therapy (5,7). Mucositis pain interferes with
daily activities in approximately one-third of patients and with
mood and social activities in 50–60%. Mucositis pain has noci-
ceptive and neuropathic components. Nociceptors are sensi-
tized by pro-inflammatory cytokines (eg, tumor necrosis factor-
a [TNF-a], interleukin [IL] 2, IL-6) and are stimulated by media-
tors at the site of tissue inflammation. Combined chemotherapy
and RT results in increased frequency, severity, and duration of
mucositis and related pain (8).

In addition to mucositis, other sources of oral pain occur in
cancer patients. Cytotoxic agents, such as vinca alkaloids, vin-
blastine, and platinum derivatives, may cause jaw pain and
neuropathy. Neuropathies are common in patients with cancer
(1.7–5.5%) and may be due to direct effects of tumor, paraneo-
plastic syndromes, and treatment-related toxicity. Surgical pro-
cedures result in acute nociceptive orofacial pain and may lead
to painful postsurgical neuropathy and postsurgical fibrosis. In
addition to tissue injury at tumor resection, morbidity is
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increased by concomitant procedures such as neck dissection.
Resection of the mandible inevitably leads to sensory impair-
ment, with 50% of patients experiencing regional hyperalgesia
or allodynia. At 2 to 5 years post-maxillectomy, 88–90% of
patients report persistent pain. Pain scores following HNC surgery
are highest for the oral cavity, followed by the larynx, orophar-
ynx, and nasopharynx. In surgically treated oral cancer patients,
functional problems were reported postoperatively in more than
50% of cases, and at follow-up (ie, �6 months postsurgery) im-
pairment due to moderate to severe pain was found in 34% of
patients. The most frequent pain locations are the shoulder,
neck, temporomandibular joint, oral cavity, and the face and
other head regions, reflecting morbidity secondary to surgery.

Fortunately, posttreatment symptoms tend to improve with
time. In patients with HNC, the postoperative pain experience is
characterized by acute pain that persists for 1 to 2 months, with a
gradual improvement over time. However, long-term HNC survi-
vors (>3 years) experience statistically significantly more pain
and functional problems than matched control subjects, even
though a relative return to normal function occurs. Chronic post-
surgical pain may involve inflammatory and neuropathic pain
mechanisms, depending on the extent of surgery, the treated an-
atomic location, and/or the addition of adjuvant therapy. Poor ef-
ficacy of traditional approaches, consisting primarily of opioid
analgesics, has led to the emergence of adjunctive and compli-
mentary methods for pain management in cancer patients (9–11).

Oral pain in cancer patients may be due to the primary dis-
ease or to various cancer treatments, including surgery, RT, che-
motherapy, and targeted therapies (12). Emerging data suggest
that an overlap exists in the molecular mechanisms that gener-
ate cancer pain. Moreover, the complex micro-neuroanatomy
that innervates the oral cavity likely contributes to the severity,
character, and impact of cancer pain. In this review, we present
recent evidence on various molecular pathways, as well as the
sensory fiber types and receptors that are sensitized and acti-
vated leading to oral pain in cancer patients.

Biology of Oral Pain

Innervation of the Oral Cavity

An understanding of the nociceptive mechanisms that generate
oral pain in cancer patients rests on knowledge of the oral
micro-neuroanatomy. Most studies of nociceptors that inner-
vate the oral cavity have examined innervations of the dental
pulp. These fibers project mainly to the most rostral part of the
long spinal trigeminal nucleus (ie, the subnucleus oralis). In
contrast, nociceptive afferents from the remainder of the oral
cavity terminate in the subnucleus caudalis or medullary dorsal
horn. In order to discuss the nociceptive fibers and pathways
that underlie oral pain, comparisons need to be made between
the afferent innervation to the trigeminal nucleus caudalis from
the trigeminal ganglion (TG) vs the afferent innervation to the
spinal dorsal horn from the dorsal root ganglia (DRG). The
knowledge base for the latter is larger than for the former.

Afferents for pain are primarily Ad fibers that convey fast,
sharp pain and C fibers that convey slow, burning pain. One dis-
tinction between TG and DRG innervation is that trigeminal
thermonociceptors have considerably slower action potential
conduction velocities and lower temperature thresholds than
do DRG thermonociceptors (13). Although a comprehensive
compendium of over 40 neuroactive substances and their recep-
tor subtypes in the central terminations of TG neurons in the

nucleus caudalis was published (14), no comparison to DRG
neurons was cited.

Neuronal Fibers and Pathways

Like their counterparts in the spinal dorsal horn, the nociceptive
Ad fibers and C fibers of the TG release both glutamate in the nu-
cleus caudalis and neuropeptides (eg, substance P and calcitonin
gene-related peptide) in the nucleus caudalis and periphery
(Figure 1). The C fibers are differentiated further into two popula-
tions (ie, peptidergic and nonpeptidergic C fibers) that are strati-
fied into different lamina and associated with different pain
modalities. Neuropeptide release is bidirectional, from both cen-
tral terminals and peripheral free nerve endings. Peripheral re-
lease from peptidergic neurons produces the neurogenic
inflammation component of the complex pain response and
amplifies nociception of nearby nerve endings. Glutamate signal-
ing likely plays an important role in inflammatory pain (15).

The presence of the tyrosine kinase A (TrkA) receptor is the
second distinguishing feature of the peptidergic C-fiber popula-
tion. The TrkA receptor binds nerve growth factor (NGF), which
is a hypersensitizing pain mediator (16). The distribution of non-
peptidergic neurons in the TG is distinct. The central terminals
of the nonpeptidergic TG neurons have a different distribution
in the nucleus caudalis than do their counterpart DRG neurons
that terminate in the spinal dorsal horn (17). Furthermore, many
of the caudalis neurons receive convergent inputs from skin,
tooth pulp, viscera, neck, and muscle and are likely involved in
deep pain, spread, referral, and neuroplastic changes.

Two pathways exist that modulate other types of pain, al-
though they may not be involved in oral pain. The first is the
phenomena of “Ab pain” that occurs when damage to C fibers
leads to sprouting of nonnociceptive Ab sensory fibers into the
nociceptive C-fiber terminal lamina in the dorsal horn. This
phenomena should be greatly reduced in the trigeminal system
because most A-beta fibers of the TG terminate in the far rostral
subnucleus oralis and pontine sensory nucleus (17). Second, al-
though some nociceptive afferents are susceptible to sympa-
thetic modulation following injury in a variety of pain
conditions, in the orofacial region there may be less sympa-
thetic neural reactivity to peripheral injury.

Sensory Receptors

The transient receptor potential (TRP) family of sensory ion-
channel proteins are the sensory receptors on nociceptor pe-
ripheral free nerve endings. These receptors are highly
expressed on both TG and DRG neurons that convey thermal
and chemical nociception and contribute to mechanical hyper-
algesia (18). In addition, they are involved in olfaction, taste,
and somatosensation (19). For example, in skin and muscle gen-
erally, heat hyperalgesia and heat allodynia (ie, perception of a
nonnoxious stimulus as noxious) vary with the distribution of
TRPV1 and higher-threshold TRPV2 heat receptors (20). TRP
receptors implicated in mechanical hyperalgesia include the
TRPV1 heat and proton receptor (21), the TRPA1 cold and chemi-
cal irritant receptor, the TRPM8 (menthol) cold receptor (16,22),
and the TRPV4 osmolarity receptor (18).

Distribution and Modulation of TRP Receptors
For both the DRG and TG in rats, the TRPV1 and TRPA1 receptors
are present only on C fiber terminals, whereas the TRPM8 recep-
tor is present on both C and Ad fibers (23). Furthermore, these
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receptors may overlap with other TRP receptors. Most impor-
tantly in relationship to oral cancer pain and pain associated
with oral mucositis, the TRPM8 receptors are confined to neu-
rons that express TrkA receptors for NGF (23). This localization
suggests that, among C fibers, TRPM8 receptors are restricted to
the peptidergic population in both the TG and DRG, which con-
tributes to neurogenic inflammation that is modulated by NGF.
In rat oral mucosa, the TRPV4 receptor contributes to inflamma-
tory hyperalgesia and is modulated by descending serotonin
projections. In addition, a host of peripheral signaling mole-
cules that act through other receptors and second-messenger
systems can sensitize TRP receptors (16,21) and may mediate
hyperalgesia and allodynia within the microenvironment of
oral cancer and mucositis.

Proportional Comparisons
A difference in the proportion of TRP receptors found in the
DRG and TG neurons was shown only for TRPM8. The number
of TRPM8 receptors is 41% higher in TG neurons and is

especially abundant in the mandibular nerve region that inner-
vates the tongue (23). Additional anatomic comparisons suggest
the following: (1) DRG and TG express TRPV1 on about 45% of
nociceptive neurons; (2) tooth pulp-innervating neurons ex-
press TRPV1 on 21–34% of neurons with TRPV2 on a separate
population of about 32–51% of neurons; and (3) gingival neurons
express TRPV1 on about 25% of neurons with TRPVR2 found on
another 41% (24). For TRPA1 receptors in the rat TG, 22% are on
peptidergic neurons and 44% are on nonpeptidergic neurons
(25). Pain-related NGF receptors appear to be increased in the
oral cavity because 70% of TG neurons that innervate rat gingi-
vomucosa display TrkA receptors (for NGF) and are probably no-
ciceptive, whereas only about 40% of total TG neurons or those
of the maxillary division display TrkA receptors (26).

Endothelin-1 (ET-1) as an Oral Pain Mediator

ET-1 is a vasoactive peptide that mediates nociception in all
three trigeminal nerve branches of the rat (27). The ET-1 and ET-

Figure 1. Mediators, fiber types, and receptors that convey trigeminal nociception in oral cancer and chemotherapy-induced oral mucositis. Nociceptive receptors and

transient receptor potential (TRP) channels are distributed differently across the three main nociceptor fiber types of the trigeminal ganglion (TG). This distribution of

receptors is fundamentally different from that of dorsal root ganglia. Those receptors that have not yet been localized to specific trigeminal fibers are indicated gener-

ally by a dashed box that spans all three fiber types. The top two cells on the right indicate mediators secreted by the oral mucosa in response to chemotherapy.

Because many oral mucositis patients do not have oral cancer, the mediators of mucositis may not be coexisting with those elicited by the cancer cell. Mediators

shown for the cancer and mast cells are not in response to chemotherapy. Secretion of ET-1 from the endothelial cell in response to chemotherapy is hypothesized,

but there is not yet direct evidence. The TRP channels may be sensitized by many of the mediators, but their correspondences are not yet specified for the three fiber

types of the TG. Blue arrows indicate secretion. Green arrows indicate activation. Red arrows indicate sensitization. ASIC ¼ acid sensing ion channel; BK=bradykinin;

BR1¼bradykinin receptor type 1; CGRP ¼ calcitonin gene-related peptide; CT ¼ chemotherapy; ET-1¼endothelin; IL ¼ interleukin; NGF ¼ nerve growth factor; PAR-

2¼protease activated receptor type 2; PR ¼ prostaglandin receptor; SP=substance; TNF-a ¼ tumor necrosis factor; TNFR2¼ tumor necrosis factor receptor type 2;

TrKa=tyrosine kinase A;TRPA1¼ transient receptor potential cation channel, subfamily A, member 1; TRPM ¼ transient receptor potential melastatin; TRPV ¼ transient

receptor potential vanilloid.
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3 isoforms of endothelin are expressed in the rat TG. The two
ET-1 receptor subtypes, ETAR and ETBR, are expressed across
the entire rat TG, including 30% of the TRPV1-positive neurons.
The human TG expresses both receptor subtypes (28). It can be
inferred that these receptors are transported to the TG periph-
eral nerve endings, while concurrently the TG neurons secrete
ET-1 at peripheral or central terminals—thereby involving ET-1
in TG neurotransmission, neurogenic inflammation, and sensi-
tization to pain. Experimentally, nociceptive responses are eli-
cited when ET-1s are injected into the maxillary lip or
temporomandibular joint of the rat, and these effects are re-
versed by selective antagonists (27). Likewise, both ETAR and
ETBR receptors contribute to orofacial thermal hyperalgesia in-
duced by trigeminal nerve constriction in rats (29).

ET-1 Receptors: TG vs DRG
The most prominent and perhaps key difference between TG
and DRG nociceptors is displayed by ET-1 receptors. The distri-
bution of ET-1 receptors in the TG and DRG differs dramatically
(27). In rat TG neurons, ETARs are expressed on both Ad fibers
and nonpeptidergic C fibers. The ETBRs are expressed on both
satellite glial cells and nonpeptidergic C fibers. In the DRG,
ETARs in rat and rabbit show a reversed pattern of expression
on the peptidergic C fibers (neurogenic) instead of the nonpepti-
dergic ones (not neurogenic). The ETBRs in the DRG are re-
stricted to glial cells only. The ETBRs on TG satellite glial cells
are highly functional (30), responding strongly to ET-1 and lead-
ing to release of calcium from internal stores and to external
calcium influx in equal amounts.

A Unique Pathway
The implication of the above arrangement is that, within the
DRG, ET-1 activates only those C fibers that produce neurogenic
inflammation and respond to both TRPM8 nociception and NGF.
In addition, ET-1 activates these fibers only through ETARs.
Conversely, within the TG, ET-1 activates only those C fibers that
do not produce neurogenic inflammation and do not respond to
either TRPM8 sensory receptors or NGF. Furthermore, these spe-
cialized C fibers in the TG are activated by both ETA and ETB

receptors and terminate differently in the nucleus caudalis. In
contrast, their DRG counterparts terminate in the dorsal horn.
Therefore, activation of both ETA and ETB receptors on nonpepti-
dergic C fibers, a feature unique to trigeminal afferents, may be
one explanation for the severity of pain in disorders such as oral
cancer and oral mucositis. In these conditions, ET-1 may contrib-
ute to both sharp and burning pain but not to neurogenic inflam-
mation by conventional release of neuropeptides.

Oral Cancer Pain

Epidemiology and Clinical Impact

More than one-half of all cancer patients experience severe,
persistent pain during the course of their disease. Almost all
oral cancers are painful (31), and up to 85% of patients report
pain at the time of diagnosis (32). Pain is one of the primary pre-
senting symptoms for patients with oral cancer and it restricts
patients’ oral function, including eating, drinking, and speaking
(31). For the oral cancer patient, pain is rated as their worst
symptom and is the primary determinant of a poor quality of
life (31). Pain can occur as a result of surgery, RT, chemotherapy,
and/or targeted therapies (12). Pain due to mucositis affects re-
source utilization and has a dramatic impact on quality of life.

Orofacial pain and mucosal pain are common following can-
cer therapy, may persist indefinitely, and may be more severe
than pain reported at diagnosis (33–35). During their terminal
months of life, 85% of oral cancer patients report pain as their
most common problem. A number of validated tools are now
available to assess oral quality of life including orofacial pain
and function during and following cancer therapy (4,31).
Following diagnosis and throughout treatment, these patients
require routine assessments of their pain and their functional
status so that appropriate management can be provided.

Despite current concerns about the chronic use of opioids for
chronic noncancer pain (36), opioid analgesics remain the current
standard of care for the management of oral cancer pain (37).
Although effective in cancer pain, for oral pain, opioids do not
provide complete relief and do little to restore function (eg, de-
creasing pain associated with swallowing). As the oral cancer
progresses, increasing doses of opioids may be required and tol-
erance may develop rapidly. With progressively higher doses,
patients may experience numerous side effects (eg, sedation,
cognitive changes, nausea, constipation). Pain management regi-
mens should be tailored to provide relief when patients are re-
quired to function, especially during meals. In addition, the
management strategies need to be directed at both nociceptive
and neuropathic pain to achieve optimal pain relief (32).

Total surgical resection of the oral cancer will provide near
complete relief of cancer pain (4). However, some patients have
severe pain before surgery, some oral cancers are unresectable,
some patients are too medically compromised to have surgery,
and many patients develop a recurrence of the cancer or a sec-
ond primary oral cancer. Of course, surgical intervention is as-
sociated with postsurgical pain and may be associated with
future disability including discontinuity defects, postsurgical fi-
brosis, and postsurgical neurogenic and neuropathic pain.
Patients with advanced stage HNC, those with large primary
tumors, those with regional and systemic spread, and those
with poor prognostic features following surgery will receive
combined chemotherapy and RT. As a result, current therapy
involves combined RT and chemotherapy in more than two-
thirds of HNC patients. As a consequence, oral mucositis and its
associated pain and dysfunction represent a considerable pa-
tient and public health problem. In addition, given that approxi-
mately 50% of oral cancer patients will not be cured with
surgery, chemotherapy, and/or RT (32), the etiology of and im-
proved methods to treat oral cancer pain warrant investigation.

Etiology

The etiology of oral cancer pain is multifactorial. Pain in cancer
patients is hypothesized to be due to tumor mass effects, ulcer-
ation, inflammation, and invasion (38,39). Recent evidence sug-
gests that although inflammation does not play a primary role
in mediating cancer pain (40), inflammation leads to sensitiza-
tion and activation of nociceptive mediators that are released
by the cancer in the cancer microenvironment. Oral cancer pain
is a complex pathologic process and a formidable clinical prob-
lem. However, our understanding of the basic neurologic mech-
anisms that are responsible for generating oral cancer pain and
cancer pain in general has improved. It is clear that the symp-
toms experienced by the patient with oral cancer are a conse-
quence of cellular, tissue, and systemic changes that occur
during the phases of carcinogenesis, including proliferation, in-
vasion, and metastasis, and that continue throughout the
course of therapy and into survivorship. To execute these
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cellular processes, oral squamous cell carcinoma cells produce
mediators that affect other cells within the cancer microenvi-
ronment, such as neurons and immune cells. Table 1 provides a
list of these mediators that were reviewed elsewhere (41,42).
Oral cancer pain involves crosstalk between the cancer and pri-
mary afferent nociceptors and possible contribution from im-
mune cells. One of the experimental challenges of
understanding oral cancer pain is that it is difficult to separate
one cell and study it in isolation and understand its contribu-
tion to oral cancer pain.

Oral squamous carcinoma cells produce multiple mediators
that sensitize sensory fibers in the cancer microenvironment
(41,42). TNF-a was shown to be released from oral squamous
cell cancer cells due to treatment increasing inflammation and
nociception (43).

One of the most studied cancer pain mediators is ET-1 (44).
ET-1 is secreted by multiple cancers, including prostate, breast,
colon, hepatocellular, pancreatic, endometrial, lung, pheochro-
mocytoma, and oral squamous cell carcinoma (45). Endogenous
ET-1 produced by oral cancer results in mechanical allodynia in
a mouse model (45). Patients with oral squamous cell carcinoma
have severe pain secondary to mechanical stimulation to which
the oral cavity is highly exposed (eg, when hard food contacts
the area around the cancer) (4,31). A model that may reflect this
type of oral mechanical pain is produced by inoculating a hu-
man-derived oral squamous cell carcinoma into the hind paw
of a mouse. This mouse model displays the mechanical hyper-
algesia that is observed in human oral cancer patients (4,31).
Using this mouse model, findings suggest that the nociceptive
effect of ET-1 is peripherally mediated in the cancer microenvi-
ronment (45). ETAR antagonism, using the highly selective drug
BQ-123 injected directly within the cancer microenvironment,
produces antinociception (ie, pain reduction) similar to acutely
administered, high-dose, systemic morphine (46). Interestingly,
ETAR antagonism was shown to prevent morphine tolerance
(47,48). ETAB antagonism produces antinociception and simulta-
neously prevents morphine tolerance, suggesting that ET antag-
onism may be an effective treatment for cancer pain (49).

Pain Associated With Oral Mucositis Caused by
High-Dose Cancer Therapies

Epidemiology and Clinical Impact

Acute, severe pain from chemotherapy-induced oral mucositis
is a clinically and financially significant public health problem

(50). Oral mucositis is reported to be one of the most statistically
significant toxicities associated with the treatment of HNC as
well as in hematopoietic stem cell transplantation (HSCT). In
addition, clinically significant oral mucosal injury and pain oc-
cur when the oral mucosa is included in the high-dose head
and neck radiation portal.

Evidence of severe pain from oral mucositis comes from sev-
eral sources. Of note, data were derived from a toxicity scale
that combines scoring for chemotherapy-induced oral mucosi-
tis (51). On this scale, grade III–IV toxicity is a valid indicator of
severe pain because these toxicity scores were highly correlated
with oral mucositis pain scores. In grade I, oral soreness can oc-
cur without lesions. In grade II, pain does not prevent eating or
swallowing. The incidence of grade III–IV oral mucositis from
regimens that include an anthracycline, taxane, or platinum
compound are in the 1–10% range. In contrast, regimens that in-
clude fluorouracil vary from 3% to 66%. For other chemotherapy
regimens, the incidence of grade III–IV oral mucositis is 2–27%
(50). For patients who undergo HSCT without total body irradia-
tion, incidence ranges from 30% to 50% (50). In HNC patients re-
ceiving combined chemotherapy and RT, the incidence
approaches 100% (8).

A second source of data on severe pain from chemotherapy-
induced oral mucositis is the incidence of dose-limiting toxicity
that slows or prevents the continuation of treatment (50). For all
patients with grade III–IV oral or gastrointestinal (GI) mucositis
combined, approximately 30% discontinue the regimen (range,
8–100%) (50). When grade III–IV oral mucositis (without GI
mucositis) occurs, patients with solid tumors who receive mye-
losuppressive chemotherapy had dose reductions in their next
cycle twice as often (21% vs 11%) and had twice as many hospi-
talizations (8 vs 4 days) as those without mucositis. For these
patients, the costs of grade I–II and grade III–IV mucositis (com-
bined oral and GI) were $2725 and $5565 per cycle, respectively
(52). Other studies found that among all patients with grade III–
IV oral mucositis on standard-dose chemotherapy regimens,
70% required feeding tubes and 62% needed to be hospitalized.
In addition, while on high-dose chemotherapy for HSCT, 87% of
patients needed feeding tubes (50). Patients with oral mucositis
during HSCT require approximately 6 more days of opioid anal-
gesics and experience 2 more febrile days than those without
oral mucositis (53). These adverse effects are associated with
considerable increases in the cost of care. For example, in one
study, the additional hospital charges associated with oral
mucositis totaled about $42 000 per patient (54). Grades III–IV
mucositis (oral and GI) accounted for 3% of resources used dur-
ing cycles of raltitrexed and 21% during cycles of fluorouracil
and leucovorin. Delay in treatment, dose reductions, and/or dis-
continuation of chemotherapy following episodes of clinically
significant mucositis may affect overall cure rates. The costs of
care may be affected by the need to support nutrient intake (eg,
tube feeding), administer systemic analgesics and intravenous
antibiotics, and admit to the hospital and ICU for prolonged
periods.

Etiology in Relation to Pain Mediators

The leading hypotheses for the etiology of oral mucositis in-
clude mechanisms of DNA damage, cytokine generation, injury
to basal epithelium, and secondary microbial colonization, fol-
lowed by healing (50). One of the challenges of studying oral
mucositis pain has been the limitations of the animal models
and the question of whether the animal models recapitulate the

Table 1. Nociceptive mediators in oral cancer and chemotherapy-in-
duced mucositis

Mediator Oral cancer
Chemotherapy-induced

oral mucositis

Endothelin-1 Yes Yes*
Nerve growth factor Yes Not determined
Tumor necrosis factor a Yes Yes
Prostaglandins Yes Yes
Bradykinin Yes Secondary†
Protons Yes Secondary†
Trypsin Yes Not determined
Tryptase Yes Not determined

*Speculative, no direct evidence.

†Result of expression of Interleukin-1b and Interleukin-6.
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patient’s pain condition (55). The development of more
sophisticated 3-dimensional oral mucosal models may provide
new insights into the mediators that contribute to mucositis
pain (56).

As in oral cancer pain, one of the salient molecular pain
mediators of oral mucositis pain may be ET-1. This hypothesis
is based on the current view of cancer therapy-induced oral
mucositis pathobiology (50,57). In the current view, the origin of
oral mucositis is primarily connective (ie, endothelial) rather
than epithelial tissue. Before any toxic effects of chemotherapy
on dividing epithelial stem cells occurs, mucositis is initiated by
reactive oxygen species (ROS) in the microvasculature of the
submucosal layer. ROS initiate mucositis by activating the tran-
scription factor nuclear factor kB (NF-jB), which in turn induces
a mucositis pathogenesis process through the actions of various
molecular mediators.

In one review (58), two different genetic pathways that are
upregulated by NF-jB are described. One of these pathways
involves the pro-inflammatory cytokines TNF-a, IL-1b, and IL-6,
which sensitize pain fibers. ET-1 is induced by this same tran-
scription factor and is activated by oxidative stress. The ET-1 re-
sponse to oxidative stress is immediate and its regulatory
genetic pathways are known. In cultured human coronary-
artery smooth muscle cells and endothelial cells, ROS increase
preproET-1 mRNA and ET-1 content by activating the promoter
site of the precursor preproET-1 (59,60). This upregulation of ET-
1 by ROS can occur by activating NF-jB (61,62), which in turn
can stimulate ET-1 gene expression (63). Further amplification
of ET-1 production can then occur by positive feedback because
ET-1 in turn stimulates production of more ROS (64,65). In the
oral cavity, this overproduction of ET-1 could activate the
unique population of trigeminal-system C fibers discussed ear-
lier. Therefore, studies on the role of ET-1 in chemotherapy-
induced oral mucositis pain are warranted.

In addition to ET-1, candidate molecular mediators for
chemotherapy-induced mucositis pain and hypersensitivity in-
clude those associated with oral cancer pain, including TNF-a,
NGF, bradykinin, prostaglandins, protons, trypsin, and tryptase
(Figure 1) (42). Of these candidates, the most promising is TNF-a.
It is one of the three cytokines induced by NF-jB to initiate oral
mucositis (54,66,67), and in cancers it directly generates hyper-
algesia by activating the TNFR2 receptor on nerve endings.
Experimental evidence for its role in oral mucositis pain is that
expression of TNF-a mRNA in buccal samples is statistically sig-
nificantly associated with the worst intensity of treatment-
induced oral mucositis pain with swallowing (68). Notable in
this study is the large amount of inter-individual variability in
the amounts of TNF-a produced. More recently, a compound
that inhibits the induction and signaling of TNF-a was found to
reduce the incidence of oral mucositis associated with radio-
chemotherapy in patients with HNC, without reducing the tu-
mor response to radio-chemotherapy (68,69).

Two additional candidate mediators for mucositis pain are
worth noting. First, if NGF plays a role, we might expect it to af-
fect fibers that produce neurogenic inflammation independently
of the effects of ET-1. Evidence suggests that NGF is produced in
oral squamous cell carcinoma. In addition, NGF appears to have a
role in both cancer pain and cachexia in an oral cancer mouse
model (70,71). Second, cyclooxygenase-2 expression and upregu-
lation occurs in oral mucositis. However, a controlled clinical trial
showed no effect of a prostaglandin antagonist oral rinse on
chemotherapy-induced oral mucositis pain (72).

The remaining cancer pain-related candidates listed above
(ie, bradykinin, protons, and trypsin-like serine proteases)

warrant additional investigation. The primary contribution of
ROS-induced cytokines to pain hypersensitivity is thought to be
through the potentiation of the inflammatory responses and in-
creased production of these proalgesic agents (16). In particular,
serine proteases from human oral squamous cell carcinoma
cells cause marked and prolonged mechanical allodynia in mice
when administered into the hind paw (73). Whereas the biologic
mechanisms of oral cancer pain and mucositis pain are dispa-
rate, the activated oral nociceptors responsible for generating
oral pain are the same. Overlap of responsible algogens in both
painful conditions is likely.

Clinical Management: Successes and Barriers

Current Clinical Management

Current recommendations include the use of opioid analgesics to
decrease nociceptive pain (74–76). Although opioid use is a focus
of recent media attention, the agents are required to effectively
manage pain in most patients with HNC. However, many patients
report pain characteristics (eg, burning) that can be attributed to
neuropathic mechanisms (77). Neuropathic pain is more difficult
to manage and opioids have limited efficacy. In addition to the
agents cited above, the use of centrally acting antidepressant and
anticonvulsant medications and biopsychosocial treatments is
warranted (32,78–80). Topical applications for the management of
oral pain include the use of local coating agents and locally acting
anesthetics and analgesics (81). The potential role for topical oral
applications of medications for the management of mucosal neu-
ropathic pain warrants additional clinical trials. Saline mouth
rinses, ice chips, and topical mouth rinses containing an anes-
thetic, diphenhydramine, and a soothing mucosal covering agent
are commonly used to provide short-term relief (82).
Benzydamine oral rinse is widely used throughout Europe as
Tantum Verde (83) with recent evidence of reducing mucositis
when used in a preventive oral rinse protocol (84). Other com-
pounded topicals including lidocaine have been used (85).

Opioids are approved for more severe pain. However, a se-
quential application of acetaminophen, nonsteroidal anti-
inflammatory drugs, and opioids alone was shown to be insuffi-
cient for relieving the pain of oral mucositis in cancer patients
(86). Ketamine (intravenous or oral) may be used in cancer
patients to relieve intractable neuropathic pain or to reduce opi-
oid doses (87). Antidepressants or anticonvulsants may be nec-
essary to treat mucositis-induced neuropathic pain.

The anticonvulsant gabapentin is effective for several neuro-
pathic pain syndromes. Administering gabapentin in combina-
tion with opiates may be sufficient to adequately manage pain
in oral mucositis patients (88,89). For example, cancer patients
with oral mucositis were administered gabapentin starting in
the second week of RT. By the final week of RT, 71% of the
patients required an additional dose of oxycodone equivalent to
control the pain. Only 5% of the patients experienced side
effects (72,73). In a placebo-controlled study of 128 patients with
HNC who were experiencing neuropathic pain, the administra-
tion of pregabalin decreased pain intensity and improved mood
and quality of life (90). Although not evaluated in HNC, duloxe-
tine is recommended to decrease pain associated with
chemotherapy-induced peripheral neuropathy (91). The poten-
tial role of cannabinoids was initially evaluated in a study of 74
patients vs control subjects. Cannabis use was associated with
decreases in pain, fatigue, and depressive symptoms (92).
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Additional research is needed on the potential role of cannabi-
noids in cancer pain management.

Photobiomodulation (PBM; previously known as low-level la-
ser therapy) is an effective and recommended intervention for
the prevention of oral mucositis associated with RT and in
HSCT. In addition, PBM reduces the pain associated with oral
mucositis (93–96). PBM involves the local application of a coher-
ent, narrow-banded, monochromatic light that has a cytopro-
tective effect during oxidative stress (93–97). Cancer patients
treated with PBM in controlled clinical trials reported statisti-
cally significantly lower pain scores after 6 weeks of low-level
laser therapy with no adverse effects (97).

In 2014, the Mucositis Study Group of the Multinational
Association for Supportive Care in Cancer and the International
Society of Oral Oncology (MASCC/ISOO) published an updated
clinical practice guideline for the management of oral mucositis
(98). Recommendations from this panel were based on evidence
from either meta-analyses of randomized controlled trials or
data from individual randomized trials. Based on the criteria
that this panel used, patient-controlled analgesia with mor-
phine was recommended for the treatment of oral mucositis
pain in patients undergoing HSCT. In addition, the panel made
the “suggestion,” based on the existing evidence, that PBM could
be used to reduce the incidence of oral mucositis and its associ-
ated pain in patients receiving high-dose chemotherapy or che-
moradiotherapy before HSCT and in patients with HNC
receiving RT with or without chemotherapy. In addition, based
on the available evidence from a number of systematic reviews
(9,10,99–103), the MASCC/ISOO panel made a number of sugges-
tions regarding the management of pain associated with oral
mucositis, including transdermal fentanyl may be effective to
treat pain due to oral mucositis in patients receiving conven-
tional or high-dose chemotherapy with or without total body ir-
radiation; 2% morphine mouthwash may be effective to treat
pain due to oral mucositis in patients receiving chemoradiation
for HNC; and 0.5% doxepin mouthwash may be effective to treat
pain due to oral mucositis (104)

In the MASCC/ISOO guidelines, a number of measures are de-
scribed that can be used to minimize oral pain. Strict attention to
oral hygiene during cancer treatment can reduce the severity of
mucositis and associated pain. Patients treated with chemotherapy
and/or RT should receive detailed instructions on oral hygiene be-
fore their cancer treatment. The patients should provide a return
demonstration of the oral hygiene regimen during a pretreatment
appointment. Following the visit, the patient should use the regi-
men on a routine basis throughout the day to remove plaque and
loosely adherent necrotic tissue, which will help to minimize bac-
terial burden and reduce inflammatory mediators. Mechanical de-
bridement and tooth brushing is necessary throughout the day.
Use of alcohol-free chlorhexidine oral rinse may reduce pain and
improve healing. Patients should be evaluated on an ongoing basis
during and following their treatment. Weekly appointments help
to motivate patients to adhere to the oral care protocol and allow
for the early identification of oral lesions.

Key Research Questions

Oral cancer pain and oral mucositis pain are complex prob-
lems. Several key research questions provide a framework to
address and delineate possible underlying mechanisms. These
key questions include:

1) What is the effect of chemotherapeutic drugs, targeted ther-
apies, and immunotherapy and combinations with and

without RT on the micro-neuroanatomy and electrophysiol-
ogy of primary afferent nociceptors in the oral cavity?

2) What is the role of traditional nociceptive receptors such as
NMDA, TRPV, TRPA, TrkA, and bradykinin?

3) How does the complex of bacterial infection, inflammation,
and neurotoxicity lead to pain?

4) Does inhibition of one process break the reciprocal feedback
process?

5) Do the currently used animal models of mucositis recapitu-
late the patient condition, and how can the models and as-
sociated nociceptive assays be improved?

6) Does the genomic heterogeneity of individuals explain the
varying pain phenotypes seen in patients?

7) Does activation of primary afferent fibers in the oral cancer
microenvironment contribute to oral carcinogenesis and
explain the evolutionary role of pain in oral cancer?

Clearly, a transdisciplinary approach is required to generate
hypotheses and develop a research plan to test them. This com-
prehensive approach to research will require preclinical and
clinical scientists with expertise in trigeminal nociceptive
mechanisms, electrophysiology, pharmacology, epithelial cell
biology, cancer, epidemiology, genetics, bioinformatics, and
symptom management. An increased understanding of the
problem will occur through a detailed evaluation of larger pa-
tient samples. Comprehensive evaluation of associations be-
tween oral mucositis and pain phenotypes and molecular
mechanisms (eg, gene expression, genetics, DNA methylation)
will identify patients at higher risk as well as identify molecular
targets. These studies require the expertise of clinician scien-
tists, molecular geneticists, and computational biologists.

Strategies to Promote the Development and Funding of
Future Research

Funding for biomedical research is under tight fiscal constraints
at the national level. Securing new and continued funding is a
challenge for even highly experienced, independent investiga-
tors. The complexity of cancer pain, including pain caused by
oral cancer as well as oral mucositis, requires substantial and
sustained sources of funding. The statistically significant
amount of patient morbidity and substantial health-care costs
associated with mucositis and pain warrant that creative part-
nerships among the federal government, pharmaceutical com-
panies, cancer foundations, patient advocacy groups, and
philanthropists be explored as potential sources of funding.

The precise causes of oral pain in cancer patients, whether
from primary oral cancer or secondary to treatment for another
cancer, remain unknown. Oral pain in these patients remains dif-
ficult to treat during and early following cancer therapy and
throughout survivorship (105). Treatment should be directed at
the mechanisms that underlie this pain. With this approach, it is
estimated that patient satisfaction with pain management can be
achieved 70–97% of the time (106). Novel approaches for preven-
tion and management are likely to emerge from continued re-
search into the molecular aspects of oral pain in cancer patients.
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