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Abstract

Optimal management of complex autoimmune diseases requires a multidisciplinary medical team
including dentists to care for lesions of the oral cavity. In this review, we discuss the presentation,
prevalence, diagnosis and treatment of oral manifestations in chronic Graft-versus-Host Disease
(cGVHD) which is a major late complication in patients treated by allogeneic hematopoietic stem
cell transplantation. We assess current general knowledge of systemic and oral cGVHD, and
present general treatment recommendations based on literature review and our clinical experience.
Additionally, we review areas where the understanding of oral cGVHD could be improved by
further research, and address tools with which to accomplish the long-term goal of providing
better health and quality-of-life to patients with cGVHD.

Introduction

An estimated 25,000 hematopoietic stem cell transplant (HSCT, see Box 1 for definition of
abbreviations) procedures occur each year, and this number is on the rise (Gyurkocza et al.,
2010). HSCT is performed primarily for the treatment of hematological malignancies, but
has also been used to treat autoimmune or other non-malignant diseases such as
immunodeficiency or hemoglobinopathies (Li & Sykes, 2012). The hematologic stem cells
come from a related or unrelated volunteer donor matched to the recipient (allogeneic
transplant). As many as half of allogeneic transplant recipients will experience a post-
transplant complication that manifests as an autoimmune-like disease, graft-versus-host
disease (GVVHD), which, in its chronic form (cGVHD), affects multiple sites including the
oral cavity. There has been little progress in preventing or treating GVHD, and the incidence
of cGVHD is increasing due to a number of factors, including the increased use of
peripheral blood mobilized stem cells, unrelated donor HSCTs, older age of patients, and
increasing number of long-term transplant survivors. Total numbers of transplants,
especially from unrelated donors, are also on the rise.
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Box 1

Abbreviation Term

aGVHD acute graft-versus-host disease
BAFF B Cell Activating Factor of the TNF Family
CD cluster of differentiation

cDC conventional dendritic cell
cGVHD chronic graft-versus-host disease
DC dendritic cell

Gl gastrointestinal

GVHD graft-versus-host disease

GVT graft-versus-tumor

HLA human leukocyte antigen

HSCT hematopoietic stem cell transplant
HSV herpes simplex virus

IFN interferon

1gA immunoglobulin A

19G immunoglobulin G

1L interleukin

MHC major histocompatibility complex
MSG minor salivary gland

NIH National Institutes of Health
OMRS Schubert Oral Mucositis Rating Scale
0Sscc oral squamous cell carcinomas
PCR polymerase chain reaction

pDC plasmacytoid dendritic cell
PUVA psoralen and ultraviolet A

SCC Squamous cell carcinomas

TBI total body irradiation

TGF transforming growth factor

Th T helper

TNF tumor necrosis factor

Treg regulatory T cell

uv ultraviolet

VH verrucous hyperplasic hyperplasia

With the increased burden of cGVHD, incidence of oral cGVHD will also become
increasingly common, and the oral health community, both researchers and clinicians,
should be prepared to aid in the understanding and treatment of this significant disease. It is
important for oral health practitioners and scientists to be aware of the general
characteristics, immunological implications, and treatment options for systemic and oral
GVHD. The present review was written as an update on the general features of systemic and
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oral cGVHD, and highlights factors critical for progress in clinical management and the
field of oral cGVHD research.

Allogeneic Hematopoietic Stem Cell Transplantation

Allogeneic HSCT is a potentially curative option for many hematological malignancies. The
transplantation into the patient of donor hematopoietic stem cells — collected from bone
marrow or umbilical cord blood, or mobilized for collection from peripheral blood -- is the
basis of this therapy. Preparative regimens before HSCT, myeloablative or reduced-
intensity, are used to reduce tumor burden and host resistance to the graft. Malignant stem
cells survive chemotherapies used to treat cancers, and can survive the preparative regimens
of transplants, but can often be eradicated by the immunologically active donor cells,
through graft-versus-tumor (GVT) effect. Transplant grafts act immunologically based on
histocompatibility, with the severity of the reaction based on the degree of compatibility in
HLA tissue type between the donor and transplant patient. Before transplant, matching is
performed on the basis of variability of the HLA gene, and a perfect match at tested loci is
ideal. Transplant donors can be related to the patient, in which case a close match may be
found, or can be an unrelated donor with a close degree of matching, often found through
the National Marrow Donor Program. Immune disparities remain, however, and
immunological reactions based on donor T cells interacting with transplant recipient tissue
causes GVT effects as well as GVHD, the leading cause of morbidity and mortality after
HSCT (Blazar et al., 2012, Copelan, 2006).

The improving success and long-term survival of patients after HSCT, as well as the
increasing indications for its use, will continue the steep increase seen in the numbers of
HSCT performed each year (Paczesny et al., 2010). In the US, almost 6000 patients
underwent HSCT in 2009, an increase of 30% since 2005 (Majhail NS, 2011). With this
dramatic increase in HSCT, the incidence and prevalence of GVHD will also continue to
increase.

Acute Graft-versus-Host Disease

Graft-versus-host disease can be classified as either acute or chronic in nature. Historically,
this determination was based on the time of onset, with aGVHD defined as occurring within
100 days of transplantation (Goker et al., 2001). Most recently, there has been a shift
towards defining GVHD status based on clinical features. Acute presents mainly as
erythema and maculopapular cutaneous lesions, liver dysfunction, oral mucositis, and upper
and lower gastrointestinal involvement and can be characterized as classic, persistent,
recurrent or late-onset aGVHD. Classic aGVHD occurs within 100 days after allogeneic
HSCT, while persistent, recurrent or late-onset aGVHD occur after 100 days post-allogeneic
HSCT (Filipovich et al., 2005).

Chronic Graft-versus-Host Disease

CGVHD is the most common complication following allogeneic HSCT. Nearly 50% of
patients who survive longer than one year after transplantation develop the disease.
Symptoms of cGVHD generally present within the first 3 years after HSCT, and may affect
only one organ or may be widespread, affecting many areas of the body (Filipovich et al.,
2005). Patients with cGVHD may suffer from severe morbidity, usually targeting the skin,
eyes, mouth, Gl tract, liver, lungs, joints, and genitourinary tract, resulting in pain, impaired
functional ability, and poor quality-of-life. It is also the leading cause of fatality in long-term
survivors of transplant, with a 5-year mortality rate for patients with cGVHD being about
70% (Arora et al., 2011). This high morbidity and mortality burden is most often due to
immune dysregulation and suppression, leading to recurrent and opportunistic infections
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(Filipovich et al., 2005). The syndrome of cGVHD resembles, both clinically and
histologically, many autoimmune disorders and other immunologic diseases, such as
scleroderma, Sjégren’s syndrome, primary biliary cirrhosis, bronchiolitis obliterans, immune
cytopenias, and chronic immunodeficiency (Filipovich et al., 2005). CGVVHD is, therefore,
defined as a multisystem alloimmune and autoimmune-like disorder characterized by
immune dysregulation, immune deficiency, impaired end-organ function, and decreased
survival.

Risk Factors for cGVHD

The known risk factors for developing cGVHD include older recipient age, female donor to
male recipient, major allelic mismatch for HLA between donor and recipient, TBI
conditioning, unrelated donors, peripheral blood stem cell source, donor lymphocyte
infusion, and prior acute GVHD (Flowers et al., 2011, Martires et al., 2011). Grafts that
include more donor T cells are typically more effective at eradicating malignancy; however,
this also leads to a higher incidence of severe cGVHD (Apperley et al., 1988).

Immunopathogenesis of cGVHD

The essential pathogenesis of cGVHD entails alloreactive donor T cells that recognize and
attack host tissues in immunocompromised recipients (Barnes et al., 1962, Billingham,
1966). The current understanding of cGVHD involves nuanced interplay among multiple
immune cell types from the donor and host. This relationship is complicated by factors
including inflammation induced by the conditioning regimen and post-transplant infectious
insults. CGVVHD has many autoimmune and fibrotic features. Clinically and histologically,
cGVHD bears similarity to classic autoimmune diseases including scleroderma, systemic
lupus erythematosus, primary biliary cirrhosis, Sjogren’s Syndrome and lichen planus
(Filipovich et al., 2005, Baird & Pavletic, 2006). The process has a strong pro-inflammatory
T cell component, with additional involvement of B cells and regulatory T cells (Blazar et
al., 2012, Imanguli et al., 2009).

The greatest challenge in understanding the immunopathogenesis of cGVHD is the lack of a
preclinical model that replicates the major clinical and chronic facets of human cGVHD.
Mouse and other animal models typically mismatch major MHC factors, and focus on
mortality and weight loss as the major outcomes. Though some minor-MHC mismatch
models are in use, none adequately reproduces the temporal and multi-organ nature of
human cGVHD (Hakim et al., 2001, Chu & Gress, 2008, Schroeder & DiPersio, 2011).
Prospective longitudinal studies of cGVHD in humans require following patients for years
after transplant, and often samples are limited to peripheral blood, clinical laboratory values
and clinically-indicated tissue biopsies - the variable nature of which makes it difficult to
draw conclusions about cGVHD development and pathogenesis. The following discussion
highlights what has been learned from both animal models and studies of human cGVHD
with an emphasis on human data, and details the contribution of multiple factors and cell
types to the complex picture of cGVHD pathogenesis.

Role of T cells

CD4*T Cells—CD4* T cells differentiate into functionally different subsets Th1, Th2,
Th17 and Treg, depending on the cytokine milieu to which they are exposed and the
respective developmental pathway that is activated. In the presence of IL-12, CD4" T cells
differentiate into IFN-y or TNF-producing Th1 cells, whereas in the presence of IL-4, CD4*
T cells differentiate into IL-4-, IL-5-, and IL-13-producing Th2 cells (Yi et al., 2009). Th17
cells are considered to be pro-inflammatory, and produce cytokines IL-17A, IL-17F, and
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IL-22. Th17 differentiation requires TGF-p and IL-6, furthermore, factors IL-23 and I1L-21
are critical for Th17 cell expansion and survival.

The role of Th1, Th2, and Th17 cells in GVHD pathogenesis is not clearly defined. In
murine models, mediation of acute and chronic GVHD has been proposed by the action, or
lack thereof, of different CD4 subsets in different tissues. Traditionally, aGVVHD has been
thought of as a Th1-mediated disease with most apoptotic damage to target tissues (skin, gut
and liver) being mediated by inflammatory cytokines IFN-y and TNF. CGVHD does not fit
cleanly into either the Th1 or Th2 paradigm (Serody & Hill, 2012, Blazar et al., 2012,
Imanguli et al., 2009).

In many autoimmune diseases, Th17 cells are considered to be potent inflammatory
mediators (Lock et al., 2002, Koenders & van den Berg, 2010). Th17 cells have been
associated with skin and lung GVHD (Serody & Hill, 2012) and were also shown to
augment GVHD in some circumstances (Yi et al., 2009). Work is ongoing to understand the
role of Th17 cells in GVHD and to develop the Th17 developmental pathway as a
therapeutic target for the control of alloimmune disease (Serody & Hill, 2012).

Regulatory T cells—Tregs are a subset of CD4*T cells that express high levels of the
IL-2 receptor a-chain CD25 and the transcription factor forkhead box P3 (FOXP3). A
similar subset of CD8*T cells also exists, however this discussion focuses on the role of
CD4*Treg cells. In the past decade, Tregs have emerged as a major factor in regulation of
the immune response, particularly in autoimmune disease. Tregs function to suppress
autoreactive lymphocytes thereby controlling innate and adaptive immune responses. Loss
or impairment of Treg cell populations is implicated in many human autoimmune diseases,
including emerging evidence for a role in cGVHD. In healthy humans, Treg cells comprise
5-10% of the entire CD4*T cell population and are thought to maintain self-tolerance in
sites of primary and peripheral immune activation (Koreth et al., 2011). Murine models of
GVHD have demonstrated attenuation of GVHD with the adoptive transfer of Treg cells,
however, murine Tregs do not exactly mimic human Tregs in form and function, and this
work has been problematic to implement clinically (Brusko et al., 2008). Expansion and
survival of Treg cells is driven by IL-2, which, at low doses, can be used in humans to drive
expansion of Treg cell and natural Killer cell populations without inducing cGVHD. A
recent human clinical trial demonstrated the efficacy of low-dose subcutaneous IL-2 therapy
for the treatment of steroid-refractory cGVHD. In this trial, Koreth et.a/demonstrated
sustained Treg expansion in a majority of patients that was closely associated with
amelioration of clinical manifestations of cGVHD (Koreth et al., 2011). This line of inquiry
will continue to expand as more is understood about the relationship between Treg cells and
cGVHD.

CD8*T Cells—Donor and recipient CD8*T cells have crucial roles in the development and
pathogenesis of cGVHD, and, critically, mediate the therapeutic GVT effect of transplant.
Infiltration of CD8*T cells in the skin, intestine and oral mucosa is associated with cGVHD
(Wenzel et al., 2008, Imanguli et al., 2009, Panoskaltsis-Mortari et al., 2007). This
underscores some of the tissue-specific differences in cGVHD pathogenesis that have been
observed in clinical studies, in which all affected organs do not fall into a strict pattern of
pathogenesis with regard to infiltrating lymphocyte profile, expression of cytokines and
other regulatory factors. In patients with cGVHD, CD8*T cells demonstrate an increased
level of proliferation and activation, and contain effector cells that are only selectively
sensitive to immunosuppressive treatments (Grogan et al., 2011). Expression of CD134
(OX40) on the surface of CD8* and CD4*T cells is associated with cGVHD onset, and
marks early T cell activation that is often associated with induction by inflammatory
cytokines (Miura et al., 2005, Ge et al., 2008, Briones et al., 2011). The details of CD8*T
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cell involvement and implications for prevention and therapeutic management of cGVHD
are evolving areas in cGVHD research.

B cells in cGVHD

Though cGVHD therapies are classically focused on T cell dysregulation, the role of B cell
involvement in the disorder has begun to emerge (Ratanatharathorn et al., 2009). This is
driven in part by advances in understanding of basic B cell biology and also by the
development and success of several biological therapies targeting B cells in human disease,
including rituximab, a biologic therapy that targets and depletes host B cells though the
CD20 receptor. Unlike many classical autoimmune diseases, in cGVHD, a consistent pattern
of autoantibodies, i.e. those that could be used as cGVHD biomarkers or therapeutic targets,
has not been detected in patient cohorts. However, in subsets of patients, autoantibodies
against a few select groups of host antigens have been correlated with cGVHD activity.
Specifically, antibodies targeting male HY antigen have correlated with cGVHD activity in
female to male donor to host pairs, and anti-double-stranded DNA and organ-specific
autoantibodies have been associated in select patients with the onset and severity of cGVHD
(Fujii et al., 2008, Svegliati et al., 2007, Miklos et al., 2005). Clinical trials have established
the efficacy of rituximab in the prevention, delay or attenuation of cGVHD manifestations
(Cutler et al., 2006, Ratanatharathorn et al., 2009, Kim et al., 2010), which supports an
important role for B cell dysregulation in cGVHD pathogenesis and clinical management
(Blazar et al., 2012).

Emerging evidence from translational studies indicates that a regulatory cytokine for B cell
activity and survival, B Cell Activating Factor of the TNF Family (BAFF) is elevated in
cGVHD patients (Sarantopoulos et al., 2007, Fujii et al., 2008, Kuzmina et al., 2011,
Sarantopoulos et al., 2009). BAFF is constitutively produced as a homeostatic cytokine for
B cells, and BAFF levels are thought to be modulated by B cell consumption (Schiemann et
al., 2001). Circulating BAFF concentration has functional significance, as elevated levels of
BAFF have been correlated with increased numbers of transitional B cells, increased B cell
sensitivity to inflammatory pattern receptor signaling, and increased production of memory
B cells (Kuzmina et al., 2011, Sarantopoulos et al., 2009, She et al., 2007). Many transplant
regimens, by design, result in long-term deficits of B cells. Elevated levels of BAFF have
been detected after B cell depletion by transplant conditioning regimens or rituximab
therapy in patients who developed cGVHD, but declined in transplant patients who did not
develop cGVHD and also declined in patients who responded to rituximab therapy
(Sarantopoulos et al., 2009, Sarantopoulos et al., 2011). In future studies, BAFF levels may
serve as a biomarker for cGVHD activity and provide clues for new therapeutic targets.

Role of Antigen presenting cells

Dendritic cells (DCs) are specialized immune cells that process and present antigens to other
immune cells, particularly T cells. In addition to the well-known capacity of DCs to
stimulate innate and adaptive immune responses, DCs may also induce and maintain
immune tolerance (Matta et al., 2010). DCs arise from specific progenitor subsets of
hematopoietic bone marrow stem cells. DCs are strong contributors to the beneficial GVT
effect of HSCT but also have a crucial role in the development and pathogenesis of GVHD.
Both donor and recipient DCs contribute to these effects. Two types of DCs have been
implicated in the induction of acute and chronic GVHD (Stenger et al., 2012, Young et al.,
2007, Koyama et al., 2009). Broadly, conventional DCs (cDCs) are classic DCs with
morphologic dendrites and function effective to uptake, process and present antigens to
lymphocytes in a highly effective manner. These include many specific DC subsets that are
defined both by location in the body and specific surface markers, such as skin epidermal
Langerhans cells and resident DCs present in lymphoid organs. Upon activation, cDCs
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produce 1L-12 and promote Th1 cell differentiation and CD8™ cytotoxic T cell responses
(Young et al., 2007, Koyama et al., 2009). Although most cDCs are immunostimulatory,
some subsets, including epidermal Langerhans cells, have been shown to be tolerogenic or
immunostimulatory, depending on maturation state, antigen and cytokine milieu at
activation. The second broad category of human DC is the precursor DC. These include
plasmacytoid DCs (pDCs), which have an immature phenotype and plasma cell morphology
during steady-state. Once activated, pDCs acquire a classic DC morphology, like cDCs,
however, their efficacy of antigen processing and loading is lower than that of cDCs, which
leads to altered immunologic outcomes, often inducing T cell tolerance secondary to less
effective T cell stimulation when compared with cDCs. After stimulation, pDCs secrete
large amounts of type I interferons which activate CD4* and CD8" T cells, however because
pDCs display lower surface levels of MHC and costimulatory molecules, full activation of T
cells is often prevented. Furthermore, paces have intrinsic tolerogenic properties in a healthy
human that vary by tissue location. In the human immune system, thymic pDCs induce
Tregs, liver pDCs induce oral tolerance, and airway pDCs regulate mucosal tolerance
(Stenger et al., 2012).

The role of DCs in the induction of human GVHD is based largely on information from
mouse models of GVHD, which contain significant phenotypic and functional differences in
DC subsets, and from ex vivowork with human DCs. Clinical studies show an association
between decreased numbers of total DC at time of engraftment and three negative outcomes:
decreased patient survival, increased relapse of malignancy and increased acute GVHD
(Stenger et al., 2012). The role of DCs and of specific DC subsets in cGVHD is an area of
intense investigation. Therapeutic strategies under investigation include generation and
infusion of tolerogenic DCs for GVHD patients, /n vivo stimulation of pDC and other
tolerogenic subsets using pharmacological strategies, and direct depletion of activated DCs
using monoclonal antibodies against their specific surface markers. An additional promising
clinical strategy includes the use of mesenchymal stem cells, a subset of rare,
nonhematopoietic human pluripotent cells, to induce immune tolerance via DCs in GVHD
patients (Aldinucci et al., 2010, Li et al., 2008, Baron & Storb, 2012, Le Blanc et al., 2004,
Gyurkocza et al., 2010).

Biomarkers in cGVHD

Biology-based markers, or biomarkers, are defined as a metric that is objectively measured
and evaluated as an indicator of a normal biologic or pathogenic process, a pharmacologic
response to a therapeutic intervention, or a surrogate end point intended to substitute for a
clinically important end point (Biomarkers Definitions, 2001). Biomarkers in cGVHD are an
important area for research and clinical trials and management; the reasons for this were
highlighted in the cGVHD Biomarker Working Group 2006 NIH Consensus paper and
include: 1) predicting response to therapy, 2) measuring disease activity and distinguishing
irreversible damage from continued disease activity, 3) predicting the risk of developing
cGVHD, 4) diagnosing cGVHD, 5) predicting the prognosis of cGVHD, 6) evaluating the
balance between cGVHD and graft-versus-transplant effects, and 7) serving as surrogate end
points for therapeutic response, particularly for clinical trial research. Both hypothesis and
discovery-based biomarker studies are encouraged to further this field of research (Schultz
et al., 2006). There are no currently validated biomarkers for cGVHD, and the research steps
needed to fill this need (discovery, validation, and clinical testing) are complicated by the
complex and incompletely understood pathophysiology of cGVHD (Rozmus & Schultz,
2011, Levine et al., 2012).

Process-specific classifications of cGVHD biomarkers have been suggested (Schultz et al.,
2006). Allogeneic disparity between non-HLA polymorphisms, regulatory T cell
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populations, Th1/Th2 balances, and B cell-related biomarkers are all areas of intense current
research (Rozmus & Schultz, 2011, Levine et al., 2012). Blood-based biomarkers are
routinely used in the management of HSCT patients, and a study by Grkovic, et. al. has
described the non-immunologic biomarker profile of cGVHD patients. Lower albumin,
higher C-reactive protein, and higher platelets, as measured by routine laboratory analysis,
were associated with active disease defined as the clinician’s intention to intensify or alter
systemic therapy due to a lack of response (Grkovic et al., 2012). Fassil, et. al. recently
reported that lower albumin and higher total complement were further associated with
clinically significant oral cGVHD (Fassil et al., 2012).

Chronic GVHD is not only a systemic disorder, but also affects specific end-organ systems,
including the skin, liver, and mouth. In the case of oral cGVHD, its manifestation can be
confused or worsened by other causes, such as infection or drug-induced mucositis
(Imanguli et al., 2008a). Biomarkers in this case which are cGVHD and mouth specific may
improve the diagnosis, prognosis, and treatment of patients after HSCT (Levine et al., 2012).
The environment of the biomarker medium may be very different between organs in a
patient with cGVHD, and the use of solely blood-based biomarkers may not reflect what is
happening in a specific organ (Schultz et al., 2006). In oral cGVHD, this argues for the
discovery of oral-specific biomarkers taken from specimens at the site of disease, either
from oral tissue biopsy or saliva.

Salivary biomarker research holds great promise due to the non-invasive nature of saliva
procurement as a specimen and its ease of collection (Baum et al., 2011). This is especially
true in the field of oral cGVHD research, and several studies have now focused on cGVHD
salivary biomarker discovery. Chronic GVHD causes increased inflammation of the salivary
glands and increased oral epithelial permeability, increasing salivary concentrations of
albumin, IgG, electrolytes such as Na* and CI~, and altering lactoferrin levels (Rozmus &
Schultz, 2011, Imanguli et al., 2010).

Patients who have undergone HSCT appear to have a significantly altered salivary
proteome, though the specific protein changes are still emerging. Imanguli, et. al. described
the elevation of salivary lactoferrin and secretory leukocyte protease inhibitor in saliva
collected serially from 41 patients undergoing HSCT; this change persisted at least for 6
months after transplant (Imanguli et al., 2007). Recently, the quantitative salivary proteome
was analyzed between two patient groups, both of which had cGVHD but were divided by
having oral cGVHD. Of 180 proteins identified, 102 changed in abundance at least 2 fold,
including 12 proteins identified only in the group with oral cGVHD. The reduction of
salivary lactoperoxidase, lactotransferrin, and several cysteine proteinase inhibitors suggests
impaired oral antimicrobial host immunity in cGVHD patients, and may explain some oral
GVHD manifestations (Bassim et al., 2012).

and Scoring of cGVHD

In 2005, the National Institute of Health (NIH) Consensus Working Group for Diagnosis
and Staging of cGVHD (Filipovich et al., 2005) recommended a new definition of cGVHD,
based on characteristic clinical and pathologic features. The diagnosis of cGVHD requires
the following: 1) distinction from aGVHD, 2) presence of at least 1 diagnostic clinical sign
of cGVHD or presence of at least 1 distinctive manifestation confirmed by pertinent biopsy
or other relevant tests, and 3) the exclusion of other possible diagnoses. There is no time
restriction placed on when cGVHD can be diagnosed, and can occur at any time after
transplant. Further, a clinical scoring system of 0-3 was proposed to evaluate the
involvement of individual organs and sites (focusing on the skin, mouth, eyes, female
genitalia, Gl tract, lungs, and connective tissues), as well as a global assessment of severity
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(mild, moderate, or severe). Systemic therapy is recommended for patients who meet the
criteria for moderate or severe cGVHD.

Oral Chronic Graft-versus-Host Disease

Clinical Presentation of Oral cGVHD

Although cGVHD can affect many various organs, the oral cavity is the second most
commonly involved organ system, behind skin involvement, with a historically reported 45—
83% prevalence among cGVHD patients (Schubert & Correa, 2008). Oral cGVHD can
present as mucosal lesions, salivary gland dysfunction, and restricted mouth opening (Woo
etal., 1997, Filipovich et al., 2005, Imanguli et al., 2008a, Schubert & Correa, 2008). The
spectrum of clinical presentation of cGVHD is diverse in the type and severity of tissue
changes and can involve any site in the oral cavity: the lips, labial and buccal mucosa,
tongue, hard and soft palate, floor of mouth, and gingiva should be evaluated, as well as
salivary function and mouth movement. Patient-reported oral pain and sensitivity, subjective
oral dryness, and inquiries into oral movement dysfunction or restriction can add important
elements to the clinical exam and guide the practitioner to more site specific evaluations.

Oral Mucosal Lesions

When evaluating oral mucosal lesions, the surface area of intraoral mucosa affected as well
as the severity of the lesion can be variable and both should be assessed (Schubert & Correa,
2008). Typically, cGVHD oral mucosal lesions are characterized as erythema, lichenoid,
ulcerative, or as mucoceles (Figure 1) (Filipovich et al., 2005).

Erythema, defined as redness of the oral mucosa without obvious tissue breakdown, is often
a sign of infection or inflammation, and can be associated with atrophy and/or edema of the
mucosa (Figure 1a). Patients often complain of generalized oral sensitivity with mucosal
erythema.

Lichenoid oral cGVHD is characterized by white or milky reticular streaks or lacey lines on
oral mucosa, resembling the Wickham’s striae observed in oral lichen planus (Figure 1b).
These can be associated with hyperkeratotic leukoplakias: white plaques or thickened,
hyperplastic mucosa. These oral mucosal lesions are considered diagnostic for oral cGVHD
in the context of post-HSCT oral evaluation, and are often not painful (Filipovich et al.,
2005).

Ulcerations represent a breakdown in oral mucosa and can be associated with
pseudomembranes as poor wound-healing evolves over time (Figure 1c). Ulcers can be very
painful, to the point of limiting eating and the ability to maintain oral hygiene (Imanguli et
al., 2008a). Ulcers also represent the most obvious route for infection to enter the
bloodstream of a patient from the oral cavity, as the integrity of the oral mucosal barrier is
completely broached.

Mucoceles are superficial subepithelial extravasations of saliva from minor salivary glands
into the epithelial-connective tissue interface resulting from fibrotic occlusions of the
glandular duct openings (Imanguli et al., 2008a). They present clinically as fluid-filled
domed lesions, covered and surrounded by normal appearing oral mucosa (Figure 1d). They
are seen only on the palate and the lips, and are generally asymptomatic. Salivary gland
inflammation may block salivary ducts, which is worsened by decreased secretion and
increased saliva viscosity, leading to mucocele formation (Filipovich et al., 2005).
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Limited Oral Opening

Sclerotic fibrosis of the perioral tissue as a consequence of chronic inflammation can result
in restricted oral range-of-motion in patients with oral cGVHD; this resembles tissue
changes observed in patients with scleroderma (Filipovich et al., 2005, Schubert & Correa,
2008). Scleroderma-like cGVHD can involve any of the orofacial tissues, resulting in
fibrosis and limited mouth opening, often presenting as a “purse-string” mouth (Figure 1e)
(Schubert & Correa, 2008, Woo et al., 1997). Continued inflammation can cause scarring of
the oral cavity, further restricting mouth movement. Limitations of mouth opening could
lead to problems with oral hygiene and eating, potentially contributing to infection and
malnutrition (Imanguli et al., 2008a, Schubert & Correa, 2008). Other morbidities related to
cGVHD, including muscle wasting, muscle cramping, and joint range-of-motion problems
may affect the oral cavity.

Salivary Dysfunction

Inflammatory damage to salivary gland tissue may result in diminished salivary flow and
subsequent dry mouth characteristically seen in oral cGVHD. Salivary dysfunction of
cGVHD can be characterized by Sjégren syndrome-like manifestations: hyposalivation
(objective saliva flow reduction) and xerostomia (subjective dry mouth) (Woo et al., 1997,
Imanguli et al., 2010). A dry mouth can cause problems with speaking, chewing, and
swallowing, and is strongly associated with increased dental and oral mucosal disease,
including caries and oral Candidainfections (Figure 2a-c) (Mathews et al., 2008).

In a recent study, Imanguli, et. al carefully described salivary gland involvement in GVHD
(Imanguli et al., 2010). In this cohort, xerostomia was complained of by 77% of patients
with cGVHD, most often associated with dry eye complaints. Salivary flow rates were low
(£ 0.2mL/min) in 43% of patients with cGVHD, and histopathological changes of
mononuclear infiltration and/or fibrosis/atrophy were present in all patients with
hyposalivation. Further, patients with salivary gland cGVHD had decreased oral specific
quality-of-life and a lower body mass index. Salivary dysfunction in oral cGVHD appears to
be a distinct entity from the mucosal manifestations seen, and little correlation exists
between these two manifestations. Imanguli concludes that formal salivary function testing
is needed in the evaluation of cGVHD, and should be considered as an important sign and
symptom in the diagnosis, treatment, and staging of the disease.

Diagnosis of Oral cGVHD

The 2005 NIH Consensus Working Group for Diagnosis and Staging of cGVHD (Filipovich
et al., 2005) standardized the criteria for the diagnosis of oral cGVHD. Diagnostic signs and
symptoms of oral cGVHD are defined as manifestations that establish the presence of
cGVHD without the need for further testing. These include lichen planus-like changes
(intraoral white lines and lacy-appearing lesions) and hyperkeratotic leukoplakias.
Distinctive features of oral cGVHD, which may require further testing to confirm a
diagnosis, include xerostomia, the presence of mucoceles, mucosal atrophy,
pseudomembranes, and ulcerations. Manifestations that are common to both acute and
chronic GVHD include gingivitis, mucositis, erythema, and pain.

Diagnosis of oral cGVHD requires that other causes of oral symptoms be excluded, as oral
infections often complicate the differential diagnosis of cGVHD (Filipovich et al., 2005).
For oral cGVHD, this means that oral infections, including herpes simplex and candidiasis,
must be considered when diagnosing oral mucosal lesions in this patient group. Samples
should be taken for any suspected oral infection and analyzed by culturing for yeast or PCR
analysis of viral involvement, as appropriate for individual cases. Drug reactions and
recurrent or new malignant lesions must be excluded prior to a definitive diagnosis of oral
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CGVHD. Further testing in support of an oral cGVHD diagnosis includes biopsy of oral
GVHD lesions (non-ulcerated tissue) or adjacent tissue, including labial minor salivary
glands (MSGs) in xerostomic patients. Biopsies should be formalin fixed, processed for
routine pathology (H&E stained) and read by an experienced pathologist as “consistent
with,” or “unequivocal” cGVHD, (Pavletic et al., 2006a, Meier et al., 2011).

Oral Histopathology

Histopathological samples from cGVHD-involved sites afford investigators a glimpse into
the tissue architecture, cell populations, and pathological mechanisms at the sites of active
cGVHD. The oral cavity, like the skin, is a site that allows for straightforward biopsy
collection under local anesthesia. This affords a unique opportunity to use biopsies of the
oral buccal mucosa and MSGs to ask directed questions about the character and
immunopathogenic mechanisms of oral cGVHD, in addition to diagnosis of oral cGVHD.
Knowledge of the histological features of oral cGVHD is not well-crystallized, as present
reports of cGVHD oral histopathology have examined small cohorts of patients with this
rare disease; thus, the field would greatly benefit from comparative analysis of oral cGVHD
in a larger population.

All soft-tissue areas of the oral cavity may be impacted by cGVHD. Most frequently
affected are the oral mucosa and salivary glands. Labial MSGs are more often involved than
is oral mucosa, according to several small cohort studies of buccal mucosa and minor
salivary gland involvement (Soares et al., 2005, Nakamura et al., 1996). In addition to being
part of the highly vascular oral mucosa, which provides ready access for circulating auto-
reactive pathogenic lymphocytes, the salivary glands also express high levels of the
histocompatibility antigen HLA-DR (Hiroki et al., 1996, Soares et al., 2005). When the
MHC antigens, major or minor, expressed by the salivary glands are mis-matched with those
of the donor lymphocytes, this marks the MSGs as a target for auto-immune assault.
Although a subset of cGVHD patients exhibit Sjogren’s Syndrome-like clinical symptoms
including xerostomia and xeropthalmia, MSG histology is not identical in the two diseases
(Nakamura et al., 1996). CGVHD patients most often have diffuse lymphocytic infiltration
with expression of adhesion molecules including ICAM-1 and E-selectin on both the ductal
epithelial and endothelial cells only in areas with infiltrating lymphocytes (Hiroki et al.,
1996). In contrast, MSG sections from Sjdgren’s Syndrome patients classically exhibit
periductal and focal lymphocytic infiltrates with adhesion molecule expression on ductal and
endothelial cells in the presence and absence of lymphocytic infiltrates (Hiroki et al., 1996).
In most reports, the infiltrating lymphocytes in cGVHD MSG tissue consist primarily of
CD3*T cells with a predominance of CD8*T cells over CD4*T cells, with occasional
identification of B cells, and increased prevalence of macrophages. One study reports
parotid gland biopsies from 3 cGVHD patients that were paired with MSG and buccal
mucosa biopsies (Hiroki et al., 1994). Similar pathology in the parotid gland to that of the
MSGs was reported for 2 cases, and, for the third, the parotid gland was the only tissue
sampled from the patient with evidence of cGVHD, though hepatic and ocular involvement
manifested 2 months later (Hiroki et al., 1994). This suggests that the salivary glands may be
one of the earliest tissues involved in cGVHD, and that MSG biopsy provides a
representative sample to assess salivary gland involvement.

Buccal mucosa biopsies are more frequently obtained than are MSG biopsies due to clinical
ease and patient acceptance of the procedure. However, based on the above detailed reports,
histopathological diagnosis of cGVHD in buccal mucosa is likely less sensitive than in MSG
tissue, though this has not been rigorously examined. In a recent study of buccal tissue from
cGVHD patients, Imanguli, et al found that clinical severity of oral cGVHD was correlated
with apoptotic epithelial cells, and that the apoptotic cells were often found adjacent to
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infiltrating effector-memory T cells expressing markers of type | cytokine polarization and
cytotoxicity (Imanguli et al., 2009). The data from this study strongly support the
development of oral cGVHD as a result of type | IFN—driven immigration, proliferation, and
differentiation of effector T cells. In support of this hypothesis, a separate study found
significantly higher numbers of Langerhans cells, which work to stimulate T cells and are
recruited by inflammatory chemokines, in the buccal mucosal tissue of oral cGVHD patients
than in non-GVHD post-transplant patients and healthy controls (Orti-Raduan et al., 2009).
It is not known if these findings are generalizable to all oral cGVHD, as data from MSG
tissue has thus far focused on cellular phenotype rather than cell function or pathway
activation.

Key histological features of cGVHD in MSG tissue are diffuse lymphocytic infiltration and
damage of the intralobular ducts, inflammation with atrophy and destruction of acinar
tissues, and fibroplasia in periductal stroma (Figure 3) (Shulman et al., 2006). The standard
for minimal histologic criteria for diagnosis of oral cGVHD in any oral tissue, according to
the 2006 cGVHD Pathology Working Group report, are localized or generalized epithelial
changes (lichenoid surface inflammation, exocytosis and apoptosis) similar to those seen in
cutaneous cGVHD, or the presence of intralobular, periductal lymphocytes with or without
plasma cells and lymphocyte exocytosis (without neutrophils) into intralobular ducts and
acini (Shulman et al., 2006). In 1989, Nakhleh refined these minimal criteria for GVHD as
greater than 3 mucosal apoptotic bodies and for salivary gland changes, a greater-than 10%
loss of acinar tissue or ductal epithelial cell necrosis (Pavletic et al., 2006b, Nakhleh et al.,
1989). The specific guidelines, as suggested by the 2006 Working Group report, may change
when more is known about correlations among histopathological features and clinical data
(Shulman et al., 2006). There are several histologic grading criteria sometimes used for
GVHD that were originally developed for other diseases including Sjogren’s Syndrome.
However, GVHD-specific grading criteria most accurately reflect the disease stage and
pathogenesis. The scale developed by Horn et al. for salivary gland cGVHD is based on the
degree of lymphocytic infiltration and destruction of glandular acini (Horn et al., 1995).

Finally, the 2006 Working Group developed a set of worksheets to facilitate transfer of
clinical information to the pathologist and to aid in clincopathologic studies. These are
available from the American Society for Blood and Marrow Transplantation at http://
www.asbmt.org, under “Guidelines, Policy Statements and Reviews.” Although these tools
appear well-designed to accurately reflect the critical histological features of cGVHD, they
have not been validated in a large-scale cGVHD cohort for research or clinical diagnostic
purposes.

The decision to diagnose and treat oral cGVHD is not based on a histologic gold-standard
positive biopsy. CGVHD is a complex and dynamic biologic process, and a biopsy
represents tissue in a specific area at a specific time. Furthermore, a number of technical
issues may preclude the identification of positive tissue. However, a biopsy can be used to
rule out a drug-reaction or certain infections that may mimic cGVHD, which can be
instrumental in determining treatment course. Biopsy of both minor salivary glands and
buccal mucosa or other suspected sites of oral cGVHD can give information about disease in
the oral cavity that is frequently non-synchronous. Taken together, the information obtained
from oral biopsies should be used in conjunction with clinical exam and other data to inform
treatment decisions about an individual patient.

Predictive Factors of Oral cGVHD

Prior acute GVHD and the use of peripheral blood stem cell source have been reported to be
risk factors for oral cGVHD (Hull et al., 2012). Other research suggests that salivary gland
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involvement in oral cGVHD may be the result of TBI during pre-transplant conditioning
(Garming-Legert et al., 2011, Panoskaltsis-Mortari et al., 2007). Most recently, an extensive
multivariate logistical regression analysis revealed that oral cGVHD was significantly
associated with patient-reported mouth pain as well as several laboratory markers of
inflammation, including lower albumin levels and higher total complement levels (Fassil et
al., 2012).

Prognostic Factors of Oral cGVHD

The consequences of oral cGVHD can impact on many aspects of health, including
increased oral infections, decreased oral epithelial integrity and ability for repair, oral pain,
increased caries risk, and negative influences on nutrition, speech, eating, and quality-of-life
(Meier et al., 2011, Fassil et al., 2012). Although oral cGVHD is not associated with poor
long-term survival, it has a tremendous deleterious impact on the oral health, functional
capacity, symptoms and quality-of-life of affected patients. Oral cGVHD is significantly
associated with the severity of patient reported oral pain (Fassil et al., 2012). Patients with
oral cGVHD are at a very high risk for developing extensive cervical decay within two years
of transplantation (Castellarin et al., 2012). Current research also shows that patients with
oral cGVHD have reported experiencing taste alteration and increased levels of oral related
pain and dryness as compared to patients without oral cGVHD (Fall-Dickson et al., 2010).
Oral cGVHD also increases the risk of having diminished oral cavity specific quality-of-life
and lower body mass index scores (Imanguli et al., 2010). Patients with salivary gland
atrophy or dysfunction often have difficulty swallowing, an increased risk for developing
dental carious lesions due to impaired remineralization and frequent co-infections possibly
due to diminished salivary defenses including secretary IgA (Meier et al., 2011).

Oral cGVHD Characteristics from the NIH cGVHD Patient Cohort

In 2004, a research study was initiated at the National Institute of Health (NIH) Clinical
Center to assess patients with cGVHD (clinicaltrials.gov #NCT00331968, Prospective
Assessment of Clinical and Biological Factors Determining Outcomes in Patients With
cGVHD). Patients are referred to the study with a diagnosis of cGVHD and are enrolled if
they have cGVHD according to the definition of the NIH Consensus Group criteria, as
described above (Filipovich et al., 2005). Subjects undergo a four-day, one-time visit for
evaluation by a multi-disciplinary team of clinical experts in dermatology, ophthalmology,
dentistry, rehabilitation medicine, gynecology, pain and palliative care, and HSCT care.
Clinical assessments, patient-reported forms and questionnaires, and laboratory data are
recorded at the time of the subject visit using pre-defined data collection instruments. The
assessments were undertaken with the understanding and written consent of each subject and
according to ethical principles, including the World Medical Association Declaration of
Helsinki (2002 version). This cohort provides a detailed description of the demographic,
transplant, and GVHD characteristics of a large group of patients with cGVHD, which has
been described in a recent paper from our group (Table 1) (Fassil et al., 2012). The majority
of patients had undergone myeloblative conditioning and received transplants from HLA-
matched related donors and received peripheral blood stem cell grafts. Patients developed
cGVHD at a median of 7 months (6—-67 months) after allogeneic HSCT and were enrolled at
a median of 36 months (6—223 months) after HSCT. Most patients had moderate (30%) or
severe (68%) cGVHD, received moderate or high intensity of systemic immunosuppression
at the time of enrollment (75%), and had failed multiple lines, median of 3 lines (0-9 lines),
of prior systemic therapies for cGVHD. This describes a group of patients with cGVHD who
are generally more severely affected than those seen at single transplant centers, but which
allows for a detailed and comprehensive analysis of oral cGVHD characteristics from this
study.
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Within this group, 44 (24%) of 187 patients total were reported to have clinically important
oral cGVHD when using the NIH Mouth cGVHD Activity Assessment Scale (Figure 4a) to
score the severity of oral cGVHD activity based on four major manifestations of oral
cGVHD: erythema, lichenoid, ulcers and mucoceles. This is a lower prevalence of oral
cGVHD than is normally reported and can be attributed to the conservative and strict
definition of oral cGVHD used in the analysis (NIH Activity Assessment Score of above 2,
scale 0-15). The majority of patients with oral cGVHD presented with erythema (54%) and
lichenoid changes (54%) of the oral mucosa while only a few presented with ulcerations
(4%) and mucoceles (7%). Figure 5 shows the range of oral cGVHD seen based on the NIH
Oral Score by the type of mucosal change observed. Most patients with cGVHD reported
subjective oral dryness (67%), though there was not an association between having oral
cGVHD and reporting a dry mouth. This suggests that the NIH Activity Assessment Score
does not capture dry mouth issues that may be important in assessing oral cGVHD. Finally,
many patients with cGVVHD reported oral pain (46%), and sensitivity (59%), and all patient
self-reported symptom measures analyzed (Lee symptoms scores for degree of bother from
avoidance of foods and from ulcerations, mouth pain, and mouth sensitivity) were
significantly associated with oral cGVVHD status (Figure 6) (Fassil et al., 2012).

Oral cGVHD Scoring for Clinical Use

The NIH Consensus report proposed a clinical scoring system that assesses the severity and
extent of oral cGVHD on scale of 0-3 based on clinical presentation and functional impact
(Filipovich et al., 2005). This score is designed for use at clinical visit evaluations of oral
cGVHD or for baseline or calendar-driven documentation in clinical trials, and is designed
for the transplant practitioner’s ease and practicality of use. The scoring of oral cGVHD in
this context is as a specific organ evaluation for a broader measure of global cGVHD extent
and severity, contributing to a total cGVHD NIH severity score. Scoring does not
distinguish between active disease and the consequence of previous disease activity, and is
based on an evaluation of current status and not history of disease.

This is a 4-point scale (0-3), with 0 representing no mouth involvement and 3 reflecting
severe symptoms, disease signs on examination, and major limitation of oral intake
(Filipovich et al., 2005). These NIH Consensus recommendations were based solely on
expert opinion, and evidence-based standardized criteria for the staging of oral cGVHD have
yet to be defined.

The scoring of oral mucosal biopsy specimens to judge the severity of oral cGVHD is not
currently possible, due to lack of necessary research in this area. To date, the pathology
results of ‘consistent with’ oral cGVHD provide information to support the diagnosis of oral
cGVHD, but not its staging or severity (Pavletic et al., 2006a).

Oral cGVHD Scoring for Research Use and Response Criteria

Quantitative measurements of oral cGVHD manifestations have been proposed to serve as
more specific scoring in the context of treatment response and in clinical trials. This led to
the development of the NIH Mouth cGVHD Activity Assessment Scale, an oral mucosal
score of 0-15 (Figure 4a), which is a simplification and modification of the (Figure 4b)
Schubert Oral Mucositis Rating Scale (OMRS, Schubert et al., 1992). There are 4 oral
cGVHD manifestations assessed with the NIH Mouth cGVHD Activity Assessment Scale:
1) erythema (0-3, based on color intensity), 2) lichenoid-type hyperkeratosis (0-3, based on
oral surface area affected), 3) ulcerations (0-6, based on oral surface area affected), and 4)
presence of mucoceles (0-3, total number). Clinically meaningful oral cGVHD has been
proposed to be a Score of 2 and above with a minimally detectable change of 2 points within
the scale being clinically relevant (Mitchell et al., 2011, Fassil et al., 2012). Therefore, 0
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represents no oral mucosal cGVHD activity and 15 shows very severe activity. This scale is
meant for use primarily by transplant practitioners in clinical trials.

For even more specific or targeted oral cGVHD activity scoring, the OMRS may still be
utilized, which scores 13 intraoral locations for erythema, lichenoid, hyperkeratosis,
pseudomembrane, ulceration, atrophy, and edema on a 0-3 scale, making a scale from 0—
273 (Figure 4b) (Schubert et al., 1992). This scale is recommended exclusively for the
research setting and for exclusive use by dental or oral medicine specialists.

Patient reported symptoms of oral cGVHD are important pieces of information to be
captured in the evaluation of a patient with cGVHD and are recommended to be documented
separately (Pavletic et al., 2006b). For the mouth, three 0-10 scales, rated to measure the
peak severity of the symptom within the last week, were proposed to interrogate: 1) dry
mouth (subjective decrease in oral moistness), 2) mouth pain (mouth symptoms without
stimulation), and 3) mouth sensitivity (mouth symptoms in the presence of normal
stimulation, such as irritation when eating spicy foods or hot liquids) (Figure 2d). Here, 0
indicates no symptoms and 10 represents very severe symptoms. The NIH Mouth cGVHD
Activity Scale and patient reported mouth symptom scales are to be measured at minimum
every 3 months or more frequently whenever a major change is made in treatment regimen
or response anticipated, to judge treatment response or longitudinal change.

Another instrument that complements scoring of cGVHD symptoms in general and mouth
related symptoms in particular is the Lee Symptom Scale (Lee et al., 2002). This validated
questionnaire reports on the degree of bother that a patient with cGVHD experienced within
the last 4 weeks due to symptoms in 7 areas (skin, eyes and mouth, breathing, eating and
digestion, muscles and joints, energy, and emotional distress). Mouth specific symptoms
include questions on the need to avoid foods due to mouth pain, mouth ulcers, and difficulty
swallowing food or liquids.

For the manifestations of cGVHD other than mucosal findings and patient-reported
symptoms, further instruments targeted to the finding can be used. For limited mouth
opening secondary to oral sclerosis, maximum mouth opening could be recorded. For
xerostomia, a 5-minute saliva-flow test (either stimulated or unstimulated), can provide
some quantitative measure of salivary dysfunction (Imanguli et al., 2010). These measures
have not been validated for use in cGVHD care or research, and would be ancillary data for
these cGVHD studies.

Finally, biopsy of oral tissue is a necessary step in oral cGVHD research, and collection of
saliva may be of interest. The accessibility of oral tissue and oral fluids, without the need for
significantly invasive procedures, allows for the mouth to be a unique environment to study
end-organ cGVHD involvement (Imanguli et al., 2010, Imanguli et al., 2007). A mucosal
biopsy of oral soft-tissue lesions, MSG biopsy in the context of salivary gland dysfunction,
and oral fluid collection could be the constituents for much needed research on the
diagnosis, pathogenesis, and therapeutics involved in cGVHD.

Squamous Cell Carcinomas

A major late complication of HSCT is the dramatically increased risk of secondary
malignancies, with 2-6% of post-HSCT patients having developed a secondary solid tumor
at 10 years (Mawardi et al., 2011). Squamous cell carcinomas (SSCs) of the skin and mouth
account for about one-third of these secondary solid tumors, with oral SSCs making up
about half of the SSC cases seen (Montebugnoli et al., 2011). Oral cGVHD is a significant
risk factor for the development of oral SCC, with an analysis of the International Bone
Marrow Transplant Registry in 1997 showing that a relative risk of 6.0 can be associated
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with oral cGVHD in the development of oral SCC after HSCT (Mawardi et al., 2011).
Mechanisms proposed to explain this dramatically increased risk include radiation
mutagenesis, cGVHD-related inflammation, prolonged immunosuppression from cGVHD
therapy, immunologic dysfunction, and carcinogenic and cytotoxic medication effects
(Demarosi et al., 2005, Curtis et al., 2005, Mawardi et al., 2011).

Mawardi et. al. recently described a group of post-HSCT patients who had developed either
oral epithelial dysplasia, including verrucous hyperplasic hyperplasia (VH), or malignant
oral lesions, including oral SCC and verrucous carcinoma (Mawardi et al., 2011). Of 26
patients identified, 3(12%) developed VH, 5(19%) developed dysplasia, and 19(69%)
developed invasive carcinoma. Twenty-three (89%) of patients with these oral lesions had
clinically significant oral cGVHD. VH was found on the gingiva, the hard palate, and the
buccal mucosa, and always appeared as a white plaque (100%, leukoplakia or proliferative
verrucous leukoplakia) clinically. Dysplasia was found on the lower lip predominately, as
well as the tongue, and presented as white or red/white (leukoplakia or erythroleukoplakia)
plaques (40%), ulcerations (40%), crusting (40%), or papillary lesions (40%). These oral
epithelial dysplasias were mostly non-painful and asymptomatic. Invasive carcinomas were
seen throughout the anatomical locations of the mouth with a varying clinical appearance
(red, white, or red/white plaques (50%), exophytic (39%), ulceration (28%), erythema
(17%), papillary (11%), or crusting (6%)). These carcinomas presented with pain (61%) and
sometimes with paresthesia (11%) (Mawardi et al., 2011). CGVHD patients should be
regularly screened for oral cancer, and any suspicious lesions should be biopsied to rule out
dysplasia or malignancy.

Clinical Management

CGVHD patients have specialized oral health needs that can be addressed in a general dental
practice setting by a well-educated clinician, and it is important that oral care is available for
cGVHD patients as their numbers continue to increase. The NIH Consensus working group
on ancillary therapy and supportive care for cGVHD has provided recommendations for the
management of symptoms and guidelines for the prevention of infections and other common
complications of treatment related to cGVHD (Couriel et al., 2006). This section will
provide a brief overview of systemic therapy for cGVHD, but will focus on the nuances of
treatment of oral cGVHD and its associated symptoms.

Goals of therapy for oral cGVHD patients include (1) management of mucosal disease (2)
palliation of oral pain and (3) management of symptoms that impact quality of life including
dry mouth. Early detection and diagnosis, appropriate therapeutic management and regular
follow-up are essential to ensure optimal outcomes and improved quality of life of patients
with oral cGVHD. Although oral cGVHD symptoms reduce quality of life and, in severe
cases, lead to malnutrition, they are generally not life-threatening (Jacobsohn et al., 2002).
Despite the direct and indirect impact of oral cGVHD on the well-being of those affected, a
standard of care for the management of oral cGVVHD has not been defined. Treatment,
particularly any systemic therapy, should be coordinated in conjunction with the medical
team.

CGVHD patients should be regularly screened for oral cancer, as oral squamous cell
carcinoma has been reported in this population. Suspicious lesions should be biopsied.
Patients on systemic or oral topical corticosteroids are prone to overgrowth of oral Candida,
and it is important to differentiate cGVHD-related hyperkeratosis and erythema from an
ongoing oral fungal infection before starting an aggressive course of treatment. Although
cGVHD patients are regularly screened for serum antibodies to viruses, virus-related oral
ulcers (such as HSV) may still occur in serum-negative or therapy-refractory patients, and
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PCR-based screening from an oral swab or biopsy is recommended when clinically
indicated. Additional non-cGVHD causes of oral ulcers include neutropenia or
chemotherapy associated ulcers that are closely associated with the early post-transplant
period, and sirolimus-induced ulcers, which may occur whenever systemic sirolimus therapy
is increased. CGVHD induces changes in both the quality and quantity of saliva, which
leaves patients susceptible to dental decay (Castellarin et al., 2012). Excellent professional
and home oral hygiene, use of supplemental fluoride and mild dentifrice are strongly
indicated in cGVVHD patients. Patients should be counseled on use of sugar-free beverages,
sialagogues, and saliva substitute products.

Systemic Therapy

Therapy for cGVHD is a challenging area, as progress is slow and there is no good
prevention. Systemic therapy is usually initiated to manage more than mild cGVHD (more
than two organs involved or any organ score of 2 or more) and typically includes prednisone
with or without a calcineurin inhibitor (cyclosporine or tacrolimus) (Koc et al., 2002,
Sullivan et al., 1988, Couriel et al., 2006). About 50% of patients fail this front line therapy.
There is no standard second line treatment, and numerous agents are used, most commonly
mycophenolate, sirolimus, extracorporeal photopheresis or rituximab (Martin & Pavletic,
2009). The average length of immunosuppressive treatment for those afflicted by cGVHD is
2-3 years, therefore increasing the risk of avascular bone necrosis, steroid myopathy and
other complications (Enright et al., 1990, Lee et al., 2006, Lee et al., 2004, Socie et al.,
1997, Wingard et al., 2002).

Therapy for oral cGVHD

Management of oral cGVHD includes titration of effective systemic therapy, and may also
require topical immunosuppressive treatment and ancillary supportive care. Oral cGVHD
flares may occur during taper of systemic immunosuppression, when a patient goes off of
systemic immunosuppression, or when drug levels are adjusted. For example, increase in
blood levels of sirolimus are known to induce oral ulceration. Patients should be carefully
monitored for oral lesions when these changes occur. Most therapy currently recommended
for the management of mucosal manifestations of oral cGVHD is directed at the use of
topical high and ultra-high potency corticosteroids (Table 2), calcineurin inhibitors and
analgesics (Wolff et al., 2010, Couriel et al., 2006).

These topical treatments are not always effective, and also carry the risk of systemic
absorption due to a breakdown in mucosal integrity in oral cGVHD patients. Efficacy may
be improved by compounding some of the topical agents to an oral rinse or oral adhesive
formulation; however, clinical trials are lacking to support specific agents and dosing
schedules.

Management of mucosal disease has relied heavily on oral rinses mostly due to the ease and
effectiveness of this delivery mode. Several oral rinses are commonly used and may be
titrated with systemic medications. Budesonide and dexamethasone elixirs are corticosteroid
rinses that can be used to help alleviative symptoms from oral ulcers, soft tissue sensitivity
and hyperkeratotic/lichenoid reactions. Corticosteroid topical therapy for the oral cavity may
thin the oral mucosal over time, leading to increased oral sensitivity. Additionally, even
short-term local corticosteroid therapy may lead to overgrowth of oral yeast species. It is
generally recommended that patients be treated prophylactically with an anti-fungal rinse or
troche, in addition to any systemic anti-fungal treatment, while on oral topical steroid
treatments (Couriel et al., 2006, Wolff et al., 2004). An additional concern with
corticosteroid topical therapy is the risk of systemic absorption. Steroids are lipophilic
drugs, easily able to transverse the oral mucosa, and, in severe oral cGVHD, there is also
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breakdown in the integrity of the mucosal barrier. Patients should be monitored for
increased adrenal suppression and cushingoid features, and topical treatments should be
adjusted as appropriate if such symptoms occur.

Directed topical therapies for the oral cavity have been designed using oral
rinseformulations of systemic immunosuppressive medications. Many of these therapies
were originally designed and tested for oral lichen planus, which approximates many clinical
features of oral cGVHD (Eisen & Ellis, 1990, Feliciani & Tulli, 2002, Byrd et al., 2004).
The efficacy of various rinses has been evaluated in limited clinical trials with mixed
outcomes for cGVHD patients (Wolff et al., 2004, Elad et al., 2012, Utsman et al., 2008).
Topical cyclosporine rinse was evaluated in a limited study (n=11) in patients with oral
GVHD refractory to dexamethasone rinse and mucosal disease was reduced in 64% of
treated patients (Epstein & Reece, 1994). Byrd et a/also reported success with topical
tacrolimus used in patients with oral lichen planus (Byrd et al., 2004).

Ointments, another topical delivery mechanism, can be extremely effective in cases of
patients with isolated symptoms of oral cGVHD in which ointments may be used as ‘spot
treatment.” Current topical ointments include tacrolimus, azathioprine, cyclosporine, and
thalidomide. However, the application of ointment or cream in the moist environment of the
oral cavity is problematic. Much of the drug is washed away, despite the best effort of the
patient, resulting in reduced contact time of the mucosal surfaces with the therapeutic agent,
and increased systemic exposure to intended topical treatment once the drug is swallowed.

Local phototherapy has gained some traction as an adjunct form of oral treatment as it
continues to elicit positive results in certain dermatological cGVHD cases. For oral PUVA
treatment, the patient is first administered an oral tablet of 8-methoxypsoralen, which
sensitizes the oral mucosa to UV exposure. The 8-methoxypsoralen crosslinks cellular DNA
with exposure to UV light, then the cell becomes apoptotic (Imanguli et al., 2006, Wolff et
al., 2004).

One of the most common complaints from patients who have oral cGVHD is that of oral
pain or soft tissue sensitivity. Even though there are many formulations of lidobenalox
(“magic mouthwash”), the principal three ingredients remain the same: a local anesthetic
(lidocaine), an antihistamine (Benadryl), in an aluminum/magnesium hydroxide (Maalox®)
base to coat the oral cavity. Other formulations of this compound rinse that could be
beneficial for cGVHD patients include antifungal and corticosteroid ingredients. For cases
of severe and intolerable pain, liquid dyclonine (usually 0.5%), a strong topical anesthetic,
can be given to patients for palliation of pain, especially when eating. Long-acting or short-
acting pre-meal narcotics may also be used for this purpose to allow for adequate nutrition
though food intake.

Chlorhexidine oral rinse is a mouth rinse with strong bactericidal properties. The alcohol-
free version can be effective in control of oral bacterial flora in patients for whom oral
hygiene (brushing and flossing) is painful, or in patients with xerostomia who are especially
susceptible to dental decay. Adjunct use of topical fluorides is also recommended in this
patient group. Studies have shown that the character of saliva is altered in cGVHD patients,
and may not be able to adequately remineralize and clean teeth (Castellarin et al., 2012).
Careful attention should be paid to oral hygiene measures and fluoride supplementation in
oral cGVHD patients.

Several studies support the use of short-term or prolonged pilocarpine therapy for salivary
stimulation in cGVHD patients, however, pilocarpine also increases secretion of gastric
fluids, which may be problematic in patients with Gl tract GVHD (Nagler & Nagler, 1999,
Singhal et al., 1997). Cevimeline, a selective agonist of M1 and M3 cholinergic muscarinic
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receptors, is also approved for xerostomia therapy in Sjogren’s Syndrome. A small case-
series (n=3) reported improvement in cGVHD patient-perceived xerostomia after 10 weeks
of cevimeline treatment (Carpenter et al., 2006).

Ongoing Research

In addition to ongoing research to better understand the etiology and pathophysiology of oral
cGVHD, there are 4 ongoing clinical trials for the treatment of oral cGVHD registered with
clinicaltrials.gov. Each of the trials is investigating different steroidal (budesonide,
clobetasol, dexamethasone), or non-steroidal (tacrolimus) oral rinse agents designed for
local treatment of the oral cavity. The oral rinse formulation of these agents allows for better
coverage of all areas of the oral cavity than does off-label application of the agents in cream
or ointment form.

These therapies are focused on treatment of mucosal manifestations of oral cGVHD, and
may not affect disease within the salivary glands. Treatment of salivary gland cGVHD
specifically has been limited to palliative care measures: use of moisturizing rinses (Biotene)
and sialagoges. Although pharmacologic agents including pilocarpine and cevimeline may
be helpful to alleviate xerostomia in cGVHD patients, they are understudied in this
population. Alternative medicine therapies including acupuncture and acupressure have
shown promise in individual cases of cGVHD-related xerostomia, however, controlled
studies are absent in this area.

Early detection and diagnosis, appropriate therapeutic management and regular follow-up
are essential to insure optimal outcomes and improved quality of life of patients with oral
CGHVD. As no evidence-based standards of care exist, patients should be enrolled in
clinical trials whenever possible.
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Figurel.

The spectrum of the clinical presentation of oral cGVHD includes (a) erythema of the oral
mucosa and tongue, (b) lichenoid lesions that occur on the buccal mucosa, lips and other
areas of the oral cavity, (c) oral ulcerations, (d) mucoceles on the hard palate and
occasionally lower labial mucosa, and (e) peri-oral sclerosis that limits mouth-opening.
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Figure?2.

Symptoms

Please rate how severe the
following symptoms have been in
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the circle below from 0 (symptom
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Salivary gland dysfunction results in extreme dry mouth (a). This contributes to increased
susceptibility to opportunistic infections and fungal overgrowth (b), and reduced
remineralization of tooth enamel, resulting in cervical carious lesions (c). Patient-reported
oral dryness, pain, and sensitivity scales, used for oral cGVHD symptom measurement (d).
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Figure 3.

Oral histopathologic changes in cGVHD include alterations in the minor salivary glands
(MSG) and buccal mucosa. In the MSG, (a) sialadentis is often present, and fibrosis and
atrophy of the gland are frequently observed. Lymphocytic infiltration (small arrow) and
apoptotic cells (large arrow) may be observed in active stages of disease. (b) In late cGVHD,
MSGs may have marked atrophy with only mild residual inflammation and few to no
observable apoptotic cells. Destroyed glandular acini are often replaced by loose fibrotic
stroma with associated lymphocytes (large arrow). In the buccal mucosal tissue, (c)
generalized or band-like lymphocytic infiltration (large arrow) may be observed in the
submucosa, near the junction of nonkeratinized squamous mucosa. Apoptotic cells (small
arrows), often associated with lymphocytes, and may be observed in active stages of disease.
(d) In severe cases, separation or clefting of the basal epithelial layer may be observed (large
arrow), often in conjunction with heavy lymphocytic infiltrate and apoptotic bodies (small
arrow). Original magnification 20x.
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Clinical and research focused rating tools used for assessment of oral GVHD. (a) The NIH

cGVHD Activity Scale scores the oral cavity for percent of surface area involved with

erythema, lichenoid lesions and hyperkeratosis, ulceration and mucoceles (Pavletic et al.,
2006b). (b) The Oral Mucositis Rating Scale (OMRS) rates 13 locations and 7 types of

lesions (Schubert et al., 1992).
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(b.) Lee Symptom Scale
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Patient-Reported Symptoms of oral cGVHD. The distribution of self-reported symptoms is
compared here in patients with and without oral cGVHD (n=187 total). The oral cGVHD
status is compared across the distribution of the Lee Symptom Scale (a) on the degree of
bother from the avoidance of food and (b) degree of bother from ulceration. (¢) Mouth pain
and (d) mouth sensitivity are grouped by the patient-reported 0-10 score to show the
percentage of each group affected at that level. Reprinted with permission (Fassil et al.,
2012).
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Table 1

Patient’s with cGVHD characteristics at the time of enrollment

Patient characteristics

n (%) or (range)

Total number of patients 187
Age (median, range) 46 (4-70)
Gender

Male 103 (55 %)

Female 85 (45 %)
Disease

ALL/AML/MDS 79 (46 %)

Lymphoma/CML/MM 71 (41 %)

CLL 12 (7 %)

Aplastic Anemia/PNH 6 (4 %)

Other non-malignant 3(2%)
Conditioning regimen

Myeloblative 106 (57 %)

Total Body Irradiation (TBI) 72 (39 %)
Donor relationship

Unrelated 72 (39%)

Related 113 (61 %)
Cell source

Bone Marrow 35 (19 %)

Peripheral Blood 146 (79 %)

Cord Blood 4 (2 %)
HLA match

Yes 148 (82 %)

No 32 (18 %)
cGVHD onset type

Progressive 70 (38 %)

Quiescent 52 (29 %)

De Novo 60 (33 %)
Activity by therapeutic intent €

Active 79 (53 %)

Not Active 69 (47 %)

Unknown (other) 50 (25 %)
Intensity of immunosuppression b

None/mild 46 (25 %)

Moderate 62 (34 %)

Severe 75 (41 %)
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Patient characteristics

n (%) or (range)

NIH average total number of organs involved 5
Mouth 135 (68%)
Skin 145 (79%)
Eyes 148 (80 %)
Lung 141 (77%)
Liver 96 (52%)
Joints or Fascia 115 (63%)
Genitourinary Tract 42(50%)
Gastrointestinal Tract 84 (46%)

NIH Average Score 1.0(0-2.33)

NIH Global Score
Mild 3 (2%)
Moderate 59 (30%)
Severe 134 (68%)

Median number of months from transplant to enrollment 51 (4-258)

Page 34

For all values in above table, continuous variables are shown as median values with ranges and categorical variables are shown as frequencies with

percentages.

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myelogenous leukemia; MDS, myelodysplastic syndrome; CML, chronic myeloid
leukemia; CLL, chronic lymphocytic leukemia; MM, Multiple Myeloma PNH, paroxysmal nocturnal hemoglobinuria; M, male; F, female; HLA,

human leukocyte antigen.

aactive: 1) increase systemic therapy because cGVHD is worse; 2) substitute systemic therapy due to lack of response; and 3) withdraw systemic
therapy due to lack of response. Non-active: 1) decrease systemic therapy because cGVHD is better; 2) not change current systemic therapy

because cGVHD is stable;

blntensity of Immunosupression: Mild, single agent prednisone < 0.5; Moderate, prednisone = 0.5mg/kg/day and/or any singe agent/modality;
High, 2 or more agents/modalities + prednisone = 0.5mg/kg/day.
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