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Abstract The field of oral mucosal injury caused by cancer
therapies has strategically matured in the scientific as well as
clinical realms over the past decade. Prior to the late 1990s, the
condition had been viewed by many healthcare providers as
an inevitable consequence of high-dose chemotherapy and
other intensive therapies in oncology practice. Fortunately,
expanding insights into the pathobiology as well as design
strategies for clinical trials in recent years have fostered de-
velopment of high-quality clinical practice guidelines as well
as health professional education relative to prevention and
treatment. This report is directed to analysis of this contem-
porary modeling. Guideline-based management recommenda-
tions that have emerged over the past year and controversies in
the field are highlighted.

Keywords Oral mucosal injury - Oncology - Pathobiology -
Management guidelines

Introduction

Oral mucositis continues to be a clinically significant toxicity
in many patients undergoing high-dose chemotherapy [1, 2,
3ee, 4-11]. The condition can cause severe oral pain with
resultant need for systemic narcotics, hospitalization, and total
parenteral nutrition. Oral functions including speaking, eating,
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and swallowing as well as maintenance of oral hygiene can be
compromised. Myelosuppressed cancer patients such as those
individuals undergoing high-dose chemotherapy induction for
leukemia are at additional risk for mucosal infection, sepsis,
and death [4]. Despite these adverse consequences, oral mu-
cositis continues to be an important unmet medical need, with
molecularly targeted mucositis management approved by the
US Food and Drug Administration (FDA) for only a relatively
limited number of patients [12].

Over the past 15 years there have been highly impactful
advances in delineating the fundamental pathobiology associ-
ated with oral mucositis in patients undergoing intensive
cancer treatments [5, 10, 11, 13, 14]. While several of the
characteristics share similarity with other models such as
inflammatory bowel disease [11], there are unique features
as well, such as impaired basal stem cell epithelial injury, that
are central to the toxicity. Moreover and as described below, a
unique expression of oral mucosal injury has arisen in recent
years in association with targeted cancer therapies [15, 16ee,
17]. The fundamental mechanisms that contribute to causation
and healing remain to be elucidated.

The economic cost of managing oral mucositis and
its sequelae has also emerged in recent years as a
fundamentally key issue relative to utilization of
healthcare resources. Estimates have ranged from ap-
proximately US$18,000 in head and neck cancer pa-
tients [18] to more than US$42,000 in hematopoietic
cell transplant (HCT) patients [19]. In this context, it
is vital that state-of-the-science management approaches,
based on high-quality basic, translational, and clinical
research, be utilized in the clinical setting.

Having said this, there are several barriers to achieving this
ideal vision. As delineated in this report, these impediments
range from continued need for pathobiologic modeling to
assessment of impact of utilization of high-quality, evidence-
based guidelines in clinical practice.
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Pathobiology

The contemporary model of pathobiology, first delineated by
Sonis in 1998, comprises a five-phase model of mucosal
injury and subsequent healing [20-22]. This conceptual
framework at the time represented a creative and impactful
departure from the classic modeling of oral mucositis, which
until then was characterized by the seemingly exclusive role
of basal epithelial stem cell injury caused by cancer therapy.

This landmark model as reported in 1998 has continued
to mature as additional research has been produced further
insights into the paradigm, with further understanding of
the up-regulation of reactive oxygen species in the early
hours of exposure to cytotoxic chemotherapy. This ubig-
uitous tissue response to injurious stimuli is then followed
by increased expression over the next 24-96 hours of
proinflammatory cytokines such interleukin (IL)-13 and
IL-6 and tumor necrosis factor-«, as well as injury to the
microvasculature [13, 14]. Damage to the extracellular
matrix also contributes to the pathobiology [23]. This
matrix is a complex structural network comprising fibrous
proteins, proteoglycans, and glycoproteins, and is key in
preserving regulation of normal tissue morphology and
wound healing.

External factors unique to the oral or gastrointestinal envi-
ronment, such as the altered colonizing microbial ecosystem,
can further affect this trajectory [23, 24]. The contemporary
model of oral mucositis pathobiology thus continues to be
viewed as a complex, interdependent interplay among genetic
governance of risk, inflammation biology, oral microbiome,
and tissue healing involving both epithelium as well as
submucosa.

The central role of genetic polymorphisms in this dynamic
has become increasingly prominent in recent years as well [5,
11]. Unlike hypothesis-based research typically associated
with biomedical research, novel approaches in which the
exploratory concept that the tissue and clinical phenotype is
quite likely a consequence of a ‘genetic portfolio’ working in
concert, in contrast with the output of a single master gene, are
being pursued. Sophisticated computer modeling such as
Bayesian algorithms [5] have identified new and biologically
plausible genetic profiles that in turn can be utilized to develop
new hypotheses followed by prospective investigation.

It is now also an opportune time for new directions in
research such that selected aspects of the molecular pain
component be integrated into this modeling, given the prom-
inence of oral mucosal pain in the clinical setting [2]. The
scientific paradigm is well positioned to integrate molecular
(e.g., endothelin-1) [25¢] and clinical cancer pain models [26]
with oral mucositis pathogenesis and clinical management.
Unlike symptoms associated with gastrointestinal mucosal
injury, oral pain is the prototypic symptom that can be suffi-
ciently severe as to cause delays and/or dose reductions of

subsequent chemotherapy cycles as well as hospitalization
with associated, typically expensive, supportive care
interventions.

The complexity of this pathobiology thus warrants creation
of innovative systems biology technology. A key concept in
this regard is that the whole is greater than the sum of the parts,
and that a systems biology platform can identify previously
unidentified relationships among molecular, cellular, and tis-
sue injury [10]. Analytic platforms utilized in research settings
other than mucosal injury in cancer are now be customized
and applied to mucositis research. This approach holds high
promise for delineating key network hub pathways involved
in the pathobiology as well as prioritizing the opportunities for
potential perturbation via drugs and/or biologics that could in
turn mitigate the toxicity [2, 10].

The evolution of this field has dramatically escalated over
the past decade, with strong signs of continued, expanded
progress in the field. This foundation in research as well as
clinical impact is in turn enhancing the ability to address a
more recently emergent expression of mucosal injury in on-
cology patients, namely the unique oral mucosal lesions asso-
ciated with targeted cancer therapies [1, 1517, 27-29]. These
therapeutics comprise several different classes of molecular
activity, including inhibitors of either mammalian target of
rapamycin (mTOR) or angiogenesis, epidermal growth factor
receptors (EGFR), multikinase Abl pathways, or human epi-
dermal growth factor receptor 2 (HER2).

The resultant oral mucosal toxicity is uniquely different
from that of mucositis caused by conventional cancer treat-
ment regimens such as high-dose chemotherapy or head and
neck radiation.

Epidemiology

Oral mucositis incidence and severity is based on a number of
variables in chemotherapy patients, including mechanism of
action of the drug and intensity of dosing regimen as well as
genetic-based mucosal susceptibility (e.g., genetic polymor-
phisms) [30]. Promoters of this injury are also multi-faceted,
and include nutritional status, oral mucosal infection, mechan-
ical trauma, and anti-emetic drug-induced salivary
hypofunction.

As cited previously, targeted cancer therapeutics have also
been demonstrated to cause a unique phenotype of oral mu-
cosal injury. These lesions emerged as essentially unanticipat-
ed side effects, despite the precise and molecularly directed
mechanisms of action of the biologics. The oral ulcerations
resemble aphthous stomatitis in their appearance, with a char-
acteristic macular pseudomembranous center surrounded by
an intensive erythematous halo. In this clinical context they
have thus been termed ‘mTOR inhibitor-associated stomatitis
(mIAS)’ [17].
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Clinical Impact

Unlike symptoms associated with gastrointestinal mucositis,
pain is perhaps the most clinically impactful symptom for oral
mucositis. The severity of pain, versus objective injury of
erythema and/or ulceration, is associated with significant ad-
verse outcomes such as chemotherapy dose delay or reduc-
tion, hospitalization, need for narcotic pain control, and par-
enteral nutritional support. Interestingly, there is not 100 %
concordance across oral mucositis patients relative to their
pain reporting in relation to objective tissue injury. Even mild
inflammatory oral mucosal changes in some patients can thus
result in patient-based reports of moderate-to-severe oral pain
that warrant extensive and expensive supportive care
interventions.

Cancer patients receiving targeted therapies present an
interesting basis for comparison in this regard. Elting et al.
has reported that oral mucosal lesions, albeit low grade in
severity, most frequently occurred in patients treated with
sorafenib, sunitinib, bevacizumab, or erlotinib [1]. In selected
settings the lesions can adversely impact cancer therapy. For
example, a recent systematic review of 44 studies of mTOR
inhibitors demonstrated that the oral lesions caused 27.3 % of
dose reductions and 13.1 % of dose discontinuations [31].

Assessment

There are a variety of assessment scales that can be utilized in
the clinical setting to assess oral mucosal injury caused by
chemotherapy [9]. These scales can in turn set the stage for
treatment. Assessment instruments such as the World Health
Organization (WHO) scale for oral mucositis or the National
Cancer Institute Common Terminology Criteria for Adverse
Events (NCI-CTCAE) [32] are two of the prototypic scales
that have been utilized over the past many years in both the
clinical research and clinical-care settings.

World Health Organization (WHO) scale for oral
mucositis

Grade 0 = No oral mucositis

Grade 1 = Erythema and soreness

Grade 2 = Ulcers, able to eat solids

Grade 3 = Ulcers, requires liquid diet (due to mucositis)
Grade 4 = Ulcers, alimentation not possible (due to
mucositis)

National Cancer Institute Common Terminology
Criteria for Adverse Events version 4.03

Grade 1 = Asymptomatic or mild symptoms; intervention
not indicated
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Grade 2 = Moderate pain; not interfering with oral intake;
modified diet indicated

Grade 3 = Severe pain; interfering with oral intake
Grade 4 = Life-threatening consequences; urgent inter-
vention indicated

Grade 5 = Death

These scales typically combine assessment of type of oral
mucosal injury (e.g., erythema, ulceration), oral symptoms
(e.g., pain), and degree of functional disturbance due to that
pain (e.g., type of dietary intake). Oral mucositis typically
initially presents clinically approximately 5—7 days after first
dose of chemotherapy, with the patient reporting a sensation
of oral mucosal warmth and/or burning. Overt erythema with
eventual ulceration classically occurs approximately 10 days
after first dose of chemotherapy, with wound resolution oc-
curring in the 2—4 weeks after last dose of chemotherapy. The
clinical appearance of the lesions combined with the temporal
assessment in relation to chemotherapy dosing is usually
sufficient at the clinical level to establish the clinical diagnosis
of oral mucositis.

In contrast to this trajectory, oral mucosal lesions caused by
the targeted cancer agents may in select cases first develop
several or weeks or even a few months after initial dose
exposure. Despite this variation in temporal expression versus
that of mucositis caused by conventional chemotherapy, clin-
ical diagnosis can usually be achieved by history and clinical
examination, as is the case in conventional chemotherapy
patients [6, 17].

There is, at present, no fully validated assessment
scale for these lesions. Given the clinical importance
of these lesions in oncology practice, Boers-Doets and
Lalla have proposed a new scale in which both a
subjective measurement of patient-reported pain and an
objective component measuring duration of lesions has
been incorporated [33]. This tool, pending further de-
velopment and validation, may enhance both the re-
search as well as clinical care of patients with these
lesions. For example, the design of this scale contributes
to the design of clinical decision making such that dose
modification will be considered only when Grade 3
severity occurs in both the subjective and objective
domains, as listed below.

Subjective

Grade 0 = No oropharyngeal pain attributed to mIAS
Grade 1 = Oropharyngeal pain attributed to mIAS, with
average oropharyngeal pain score (over the last 24 hours)
reported as <2 on a 0—10 scale

Grade 2 = Oropharyngeal pain attributed to mIAS, with
average oropharyngeal pain score (over the last 24 hours)
reported as <5 on a 0—10 scale
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Grade 3 = Oropharyngeal pain attributed to mIAS, with
average oropharyngeal pain score (over the last 24 hours)
reported as >6 on a 010 scale

Objective

Grade 0 = No visible mIAS (i.e., no erythema and no
ulceration, attributed to mIAS, in the oropharyngeal area)
Grade 1 = Oral and/or pharyngeal erythema, attributed to
mlAS, but no ulceration

Grade 2 = Visible oral and/or pharyngeal ulceration(s),
attributed to mIAS, of <7 days’ duration

Grade 3 = Visible oral and/or pharyngeal ulceration(s),
attributed to mIAS, with at least one ulceration persisting
for >7 days

Management

The Multinational Association of Supportive Care in Cancer/
International Society of Oral Oncology (MASCC/ISOO) de-
veloped the first set of evidence-based guidelines for oral and
gastrointestinal mucositis in 2004 [34]. Since then, updates
have been published in 2007 [35] and most recently in
2013/2014 [3]. The reader is referred to the MASCC/ISOO
website for access to the full portfolio of evidence-based
recommendations.

Members of other organizations have utilized this founda-
tion provided by MASCC/ISOO in relation to development of
mucositis guidelines. Examples of these organizations
include:

» European Society for Medical Oncology (ESMO)
*  Oncology Nursing Society (ONS)
» National Comprehensive Cancer Network (NCCN).

An important update has emerged over the past
two years relative to the specific intervention with
palifermin to prevent oral mucositis in HCT patients.
Historically, the labeling of palifermin was limited to
patients with hematologic malignancy and undergoing
high-dose chemotherapy with or without total body ir-
radiation, followed by HCT rescue. The US FDA has
more recently determined that palifermin is approved in
the following setting [12]:

“...with hematologic malignancy treated with chemo-
therapy and/or targeted agents, and/or HSCT with or
without TBI (local-regional radiotherapy alone not
included), and who are anticipated to develop Grade 3
or Grade 4 oral mucositis.”

Having said this, palifermin, first approved by the US FDA
in December 2004, has not gained the widespread use in HCT
settings that was envisioned by researchers and clinicians
whose primary investigative interests include oral mucositis.
A number of reasons likely exist for this outcome, including
cost of the product as well as the view of some oncologists that
oral mucositis, although clinically important, does not neces-
sitate a molecularly targeted intervention to reduce its severity.

In contrast, basic oral care (e.g., oral hygiene, oral non-
medicated rinses) are widely advocated as a means to sooth
the oral mucosa, promote clearance of food debris and colo-
nizing microflora, and hydrate the tissue. As reported in a
recent systematic review by McGuire et al. [36], the literature-
based evidence does not permit development of guidelines
relative to this aspect of wound care, including dental care
interventions and/or use of water alone, saline, or sodium
bicarbonate oral rinses. There can thus be variation across
institutions as to the type of basic wound care protocols that
are utilized.

Recent reviews have provided guidance relative to oral
care in patients who develop mucosal injury secondary to
targeted cancer therapies [6, 16]. In this case, expert opinions
represent the state-of-the-science, since no clinical trials have
been reported that show superiority of one intervention over
another. The following interventions are described in these
two reviews.

* Increase the frequency of the bland, non-alcoholic,
sodium-containing mouthwash, if necessary up to each
hour.

» If patients find the mouthwash painful, they should be
advised to use pain medication beforehand.

» Consider sugarless chewing gum or candy, salivary sub-
stitutes, or sialogogues in patients with oral dryness.

* Consider topical high-potency corticosteroids first.

* If no resolution, consider intralesional steroid injection
and topical clobetasol gel or ointment.

» Ifhighly symptomatic and with recurrent ulcers or esoph-
ageal lesions:

» consider systemic corticosteroids as initial therapy to
efficiently bring symptom under control

* provide adequate pain management

« for persistent severe pain use more aggressive pain
management.

Barriers in the Field

Although significant progress has been made in this field over
the past 15 years, there remain several key barriers to moving
ahead. These barriers can be viewed in both the scientific and
clinical domains.

@ Springer
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Scientific domain

The central theme of this domain is that the bio-
logic complexity of mucositis provides opportunity
for enhancing new knowledge relative to at least
three key areas: (i) understanding the biological basis
for the lesion, (ii) predicting risk for development of
mucositis across different oncology populations, and
(ii1) identifying a priori patients who will or will not
respond to clinical interventions with drugs or bio-
logics for management of the condition [11]. The role
of genetic regulation of these processes is paramount
in this modeling, as is the opportunity to integrate the
biologic and computational sciences in order to com-
prehensively study these new frontiers. The next
steps could involve:

» further delineation of key network hubs and pathways
that are central to the pathobiology as well as wound
healing;

* enhanced understanding of the role of oral mucosal-
based genetic governance of mucosal injury and
repair;

* integration of molecular pain modeling, including
neuropeptides and endothelin-1, into the pathobiolo-
gy framework;

+ additional studies of the role of the oral microbiome in
either protecting against or increasing oral mucositis
incidence and severity;

* new studies delineating molecular mechanism relative
to oral mucosal injury caused by targeted cancer thera-
peutics, comparing and contrasting with the conceptual
model for mucositis caused by conventional
chemotherapy;

* integration of novel systems biology analytic strategies
with the biologic sciences in order to permit ‘big sci-
ence’ approaches in the study of mucosal injury in
cancer patients.

Clinical domain

The central theme of this domain is to strategically
integrate a new generation of mucositis therapeutics into
high-quality clinical guidelines together with point-of-care a
priori predictive technology. This approach would in turn
enhance the clinician’s ability to customize mucositis pre-
vention and management for each at-risk oncology patient.
There is a need for:

* additional, robust clinical drug and device
development;

* incorporation of patient-based risk profiling into clin-
ical trial designs;

* commitment of industry sponsors to address this
unmet medical need;
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* novel approaches relative to high-quality, evidence-based
clinical guidelines, including:

— new approaches for dissemination via contemporary
technology platforms;

— measurement of impact of evidence-based clinical
guidelines relative to enhanced clinical outcomes
while reducing cost of cancer care.

Advances in the scientific and clinical domains as de-
scribed above could in turn strategically enhance the pace of
regulatory approval for new preventive and treatment ap-
proaches for this cancer treatment toxicity.

Summary

There have been strategic advances over the past decade
relative to oral mucositis caused by chemotherapy. These
advances include new insights into pathobiology, continued
development of drugs, biologics, and devices for manage-
ment, and clinical care guidelines at the expert opinion or
systematic review level that provide opportunity for state-of-
the-science clinical care.

As also described in this report, however, barriers exist in
association with these opportunities. These barriers include
need for enhanced understanding of pathobiology including
pain, regulatory approval of novel therapeutics, and enhanced
dissemination and assessment of impact of clinical guidelines
in oncology settings.
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