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Abstract

Approximately 25,000 allogeneic hematopoietic cell transplants are performed worldwide each
year for a variety of malignant and non-malignant conditions. Graft-versus-host disease represents
one of the most frequent complications and is a major source of long-term morbidity and
mortality. Whereas acute graft-versus-host disease is induced by recognition of host tissues as
foreign by immunocompetent donor cells, the pathogenesis of chronic graft-versus-host disease is
not as well understood, and continues to be a major treatment challenge. Part | of this two-part
series reviews the epidemiologic factors, classification, pathogenesis, and clinical manifestations
of acute and chronic graft-versus-host disease. Part Il discusses the topical, physical, and systemic
treatment options available to patients with graft-versus-host disease.
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Hematopoietic cell transplantation (HCT) is a potentially curative therapy for a variety of
malignant and non-malignant conditions. During this procedure, conditioning chemotherapy
and/or radiotherapy is administered to treat the underlying malignancy and provide immune
suppression to prevent rejection of the donor graft. This is followed by infusion of donor
hematopoietic progenitor cells (HPCs) derived from bone marrow, peripheral blood, or
umbilical cord blood into the recipient. The HPC donor may be a human leukocyte antigen
(HLA)—identical sibling, a matched but unrelated volunteer or, less commonly, an umbilical
cord or mismatched/haploidentical donor. Autologous transplantation uses a patient’s own
HPCs, whereas syngeneic transplantation uses genetically identical HPCs from an identical
twin. Autologous and syngeneic transplants are used for hematopoietic cellular rescue after
high-dose therapies. Allogeneic HCT uses HPCs from a nonidentical relative or unrelated
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donor, and these infused cells provide an additional therapeutic benefit: an allogeneic
immune-mediated response of the donor cells against the host malignancy, a phenomenon
referred to as the graft-versus-tumor (GVT) effect. Although autologous transplantation does
not confer this GVT benefit, autologous grafts are not at risk of immunologic rejection and
do not mediate an immunologic reaction against the recipient. In comparison, allogeneic
transplants pose a greater rate of complications because of the potential for graft rejection, or
more commonly, graft-versus-host disease (GVHD).

OVERVIEW OF GRAFTVERSUS-HOST DISEASE

Key points

. Allogeneic transplantation is in widespread use for hematologic malignancies,
but is also increasingly used for marrow failure syndromes, immunodeficiencies,
and other life-threatening conditions

. Graft-versus-host disease is the primary cause of morbidity and non—relapse
related mortality after allogeneic hematopoietic cell transplantation

. Minimizing graft-versus-host disease without losing the graft-versus-tumor effect
is an area of active research

. The skin is the most common organ affected in patients with graft-versus-host
disease

Allogeneic HCT is used most commonly for aggressive hematologic malignancies; however,
a widening array of nonneoplastic marrow failure syndromes, inborn errors of metabolism,
and immunodeficiency syndromes have also been successfully treated. Approximately
25,000 allogeneic HCTs are performed worldwide each year.! GVHD represents one of the
most frequent complications of and remains a major barrier to the wide-scale application of
this therapy. Although advances in conditioning regimens, supportive care, and GVHD
prophylaxis have improved the prognosis of patients who undergo allogeneic HCT, in the
immediate posttransplant period the development of GVHD remains a significant source of
morbidity and mortality, and is also the major cause of late nonrelapse death.2 GVHD results
from the recognition of host tissues as foreign by immunocompetent donor cells and,
therefore, the risk of GVHD increases with greater HLA disparity between the donor and
recipient.3- An unresolved challenge in the transplantation field is to selectively limit
GVHD without abrogation of the desired GVT effect. GVHD and GVT are mediated by
mature donor T-cells contained within the infused graft. Both phenomena are reduced in T
cell—depleted transplants, thereby reducing the risk of acute GVHD, but at the expense of
increasing the risk of malignancy relapse. Identification of target antigens responsible for
GVHD and GVT is an active area of research that will hopefully maximize the therapeutic
potential of allogeneic HCT and minimize GVHD risk.5

The skin is the most commonly affected organ in GVHD, and dermatologists play a major
role in both diagnosis and treatment. Acute GVHD will typically manifest while patients are
still receiving therapy at their transplant center. In contrast, chronic GVHD has a median
onset of 4 to 6 months posttransplant and will often develop after patients have been
discharged back to the Care of their community physicians, who may be less experienced
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with the manifestations of GVHD.”:8 In these cases, the dermatologist in community

practice may play a key role in accurate diagnosis and prompt treatment.

Classification of acute and chronic GVHD

Historically, acute GVHD has been defined temporally by the onset of GVHD signs and
symptoms within the first 100 days of transplant, whereas chronic GVHD occurs after the
100-day period. However, evolving transplant practices, including the use of less intense
conditioning regimens before transplant (“reduced-intensity conditioning” or
“nonmyeloablative” transplants), and the greater use of immune-modulating strategies, such
as donor lymphocyte infusions (DLIs; the infusion of additional donor lymphocytes
posttransplant to treat or prevent a relapse of malignancy), have altered the typical onset of
acute and chronic disease manifestations. For instance, the classic morbilliform eruption of
acute GVHD may occur after day 100 following DLI or upon tapering immunosuppressive
therapy. Similarly, manifestations of chronic GVHD may be seen before day 100,
particularly when patients undergo a second allogeneic HCT. Greater appreciation that the
100-day mark is a somewhat artificial division between acute and chronic GVHD has led to
a reclassification of acute and chronic disease definitions, based primarily on clinical
manifestations and histologic findings.? This reclassification was part of a comprehensive
effort to standardize clinical and pathologic criteria for GVHD clinical trials, known as the
National Institutes of Health (NIH) Consensus Development Project on the Criteria for
Clinical Trials in Chronic Graft-versus-Host Disease. This international effort culminated in
a series of guidance papers in 2004 and 2005 proposing guidelines for the diagnosis and
staging of GVHD,? pathologic assessment, 10 biomarker development,! therapeutic response
measures, clinical trial design,13 and ancillary and supportive care.1* The diagnosis and
staging guidelines® included new disease classifications, including an “overlap syndrome,”
with features of both acute and chronic GVHD, and “late acute GVHD,” which is
characterized by acute manifestations after day 100 (Table I). “Late acute” disease is further
classified as “persistent” (continuation of an acute GVHD episode past day 100), “recurrent”
(a relapse of an earlier episode of acute GVHD), or “late-onset acute,” which often occurs
after withdrawal of immune suppression. Classic: de novo chronic GVHD occurs after day
100 with no previous history of acute disease. The usefulness of the new classification is still
being determined; however, retrospective studies have determined that many patients
previously classified as chronic GVHD would now be reclassified as late acute GVHD or

overlap syndrome under the new guidelines, and these patients may have poorer outcomes.
15-17

ACUTE GRAFT-VERSUS-HOST DISEASE

Key points

. The incidence of acute graft-versus-host disease depends upon a number of
transplantrelated factors, particularly the degree of human leukocyte antigen—
compatibility between donor and recipient

. The three primary clinical features of acute graft-versus-host disease are skin
rash, bilirubin elevation, and diarrhea
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. Eosinophils do not reliably distinguish histologic findings of drug exanthem
from acute graft-versus-host disease

The incidence of acute GVHD varies between 20% and 70%, based on histocompatibility
differences between the donor and recipient, the intensity of the conditioning regimen, the
age of the recipient, and the stage of primary disease, among other factors.18-22 The primary
target organs of acute GVHD are the skin, liver (cholestatic jaundice), and gastrointestinal
(GI) tract (nausea, vomiting, and diarrhea). Acute GVHD organ involvement is graded
quantitatively (I to 1) based on extent and type of skin involvement, degree of bilirubin
elevation, and volume of diarrhea (Table 11).23

Early cutaneous signs and symptoms include pruritus, dysesthesias, or subtle macular
erythema and edema. This may be followed by a folliculocentric or morbilliform eruption,
often beginning on the trunk, that becomes increasingly confluent over time.24 The
development of bullae or a positive Nikolsky sign heralds the onset of more severe disease
characterized by epidermal denudation (Fig 1). Other epithelial surfaces, including the eye
and mucous membranes, can also become extensively involved.

Pathologic changes in the skin may confirm a clinical suspicion of GVHD but do not impact
the grading or staging of the disease. Distinguishing between GVHD, drug reactions, or
infectious exanthem is often difficult on clinical grounds alone, and although histologic
confirmation is sometimes helpful, it is often nonspecific.2 Initially, vacuolar changes are
present at the basal cell layer, accompanied by a sparse lymphocytic infiltrate. The presence
of scattered eosinophils, a hallmark feature of drug-induced and other hypersensitivity
reactions, should not delay a diagnosis of acute GVHD if there is a strong clinical suspicion.
25 A recent review found that a very high number of eosinophils (average 16 eosinophils/10
high power fields) was needed to rule out the possibility of GHVD with 100% specificity.26
Dyskeratotic epidermal cells, which may be contiguous to a “satellite lymphocyte,” are
characteristic of more advanced GVHD, but are also not specific to GVHD.27:28 Disease
progression results in clefts at the dermoepidermal junction followed by complete epidermal
separation (Table 111).2°

Pathophysiology

Animal models have been instrumental in understanding the pathophysiology of acute
GVHD. These models suggest that acute GVHD arises from a threephase process; first,
recipient tissue damage occurs as a result of toxicity from the conditioning chemotherapy or
radiotherapy, leading to the release of inflammatory cytokines. Second, mature donor
lymphocytes contained within the graft enter into an environment of inflammatory
molecules, leading to expansion and activation of donor lymphocytes when contact is made
with host and donor antigen-presenting cells (APCs) expressing disparate host antigens (eg,
minor histocompatibility antigens [MiHC]). Finally, alloreactive T cells expand into
cytotoxic effector T cells that induce tissue injury and release additional inflammatory
cytokines.30
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CHRONIC GRAFT-VERSUS-HOST DISEASE

Key point

. The pathogenesis of chronic graft-versus-host disease remains poorly understood
but likely involves components of alloreactivity and autoimmunity

Approximately 60% to 70% of patients who receive an allogeneic transplant manifest
chronic GVHD at some point in their posttransplant course.3! In one large series, the 5-year
cumulative incidence for chronic GVHD ranged from 9% to 75% based on a number of risk
factors, including older recipient age, history of acute GVHD, a multiparous female donor
for a male recipient, and transplant performed for chronic myelogenous leukemia.32
Additional risk factors for chronic GVHD include a higher degree of HLA mismatching,
granulocyte colony-stimulating factor—mobilized peripheral blood progenitor cell grafts,
history of splenectomy, cytomegalovirus seropositivity in the donor or the recipient, and
second allogeneic transplants.16:33.34 The long-term consequences for patients who develop
chronic GVHD are profound and are a primary determinant of survival and quality of life
after allogeneic HCT.3°

Pathophysiology

The absence of animal models that reproduce the complexity of chronic GVHD, including
its delayed onset and protean manifestations, has impeded our understanding of the
pathophysiology of chronic GVHD.36:37 Disease-specific autoimmune models are often
used based on the clinical similarities between chronic GVHD and autoimmune conditions
such as systemic sclerosis and Sjogren syndrome. However, these animal models
recapitulate isolated organ involvement, and an adequate murine model of chronic GVHD
revealing multisystem involvement is lacking.

Patients with chronic GVHD have a high incidence of detectable autoantibodies (including
antinuclear, double-stranded DNA, and smoothmuscle antibodies) and disease-related gene
polymorphisms common to patients with autoimmune disorders.38-40 However, in contrast
to classic autoimmune diseases, the autoantibodies detected in patients with chronic GVHD
generally do not correlate with organ-specific manifestations. While clinical similarities lend
support for consideration of chronic GVHD as an autoimmune disorder, this implies that the
target antigens are not disparate antigens between the donor and host (MiHC antigens as in
acute GVHD), but rather nonpolymorphic antigens common to both donor and recipient.

In the autoimmune model of chronic GVHD, failure of immune tolerance is postulated to
lead to the activation and expansion of T cells directed against self-antigens. Murine models
have suggested that pathogenic T cells arise after the maturation of donor precursor cells in a
recipient thymus damaged as a result of aging, conditioning regimens, or acute GVHD,
thereby allowing escape from central negative selection.? In support of this, autoreactive
clones of T cells have been identified in animal models of chronic GVHD that are specific
for common antigens shared between host and donor.#243 These pathogenic T cells can then
escape tolerance mechanisms.41.44-46
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Decreased quantity and function of T-regulatory cells (Tregs) have been reported in various
autoimmune disorders, which has led investigators to examine their role in the loss of
tolerance in chronic GVHD.#748 An imbalance between Tregs and alloreactive effector T
cells is hypothesized to increase the risk and severity of chronic GVHD.49-52 |n animal
models, infusion of Tregs has been successful in the prevention and treatment of both acute
and chronic GVHD.53-57

While experimental evidence and clinical similarities support the concept of chronic GVHD
as an autoimmune disorder, human donor—derived T cell clones that recognize
nonpolymorphic antigens expressed in both donor and recipient have not yet been identified.
Accordingly, some investigators have postulated that chronic GVHD could simply result
from chronic antigen stimulation of T cells because of the presence of ubiquitous disparate
antigens.3” Therefore, both chronic GVHD and autoimmune disorders may result from
organ damage mediated by T cells under chronic antigen stimulation; however, whereas
nonpolymorphic “autoantigens” are present in autoimmune disorders, disparate
histocompatibility antigens are implicated in patients with chronic GVHD. This is supported
by evidence identifying allogeneic antibodies against H-Y antigens (male histocompatibility
antigen) in male recipients of female donors,%® and in the correlation between chronic
GVHD activity and the presence of these antigens.>® Even if disparate histocompatibility
antigens are the targets, it remains unknown if these are the same antigens that drive GVHD
or produce certain clinical signs and symptoms. However, a recent murine study suggests
that distinct GVHD manifestations, including sclerosis, may result from the type and
selection of immunodominant MiHC antigens.%0

Role of B cells in the pathophysiology of chronic GVHD

B cells are excellent APCs by virtue of constitutive expression of class Il major
histocompatibility complex, the ability to efficiently bind antigens with antigen-specific
membrane immunoglobulin, and the expression of costimulatory molecules, such as CD80
and CD86 that are integral to T cell activation and survival.51-64 Laboratory and clinical
evidence supports a role for B cells in the development of chronic GVHD®5 through direct
cellular cytotoxicity of alloantibodies and their ability to function as APCs.61.62.66.67 B cells
play a critical role in murine models of chronic GVHD; newborn mice rendered B cell—
deficient by anti-x antibody treatment targeting B cell precursors are unable to mounta T
cell proliferative response.58-72 Using this B cell depletion model, Schultz et al”3 revealed a
decreased incidence of acute GVHD in animals depleted of B cells.” In these studies, both
mature T and B cells from donor mice were required for chronic GVHD development.5°
Interestingly, both euthymic and athymic recipient mice developed chronic GVHD, raising
the possibility that thymic dysfunction may not be a prerequisite for chronic GHVD
development. In addition, although de novo arising donor CD4* T and B cells were not
required, mature autoreactive CD4* T and B cells were needed, and depletion of either was
sufficient to prevent autoantibody production and GVHD.”3 It is possible that alloreactive
donor CD4™ T cells could be activated by host B cells that in turn assist with activation and
expansion of quiescent autoreactive donor B cells in the stem cell graft. These autoreactive
B cells could potentially play a central role in amplifying autoimmune responses and epitope
spreading of autoreactive T and B cells.”* 7>
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Clinical evidence in humans also supports an association between B cells and the
development of acute and chronic GVHD. Miklos et al®® reported an 89% 5-year cumulative
incidence of chronic GVHD for male recipients with antibodies to at least one H-Y antigen,
versus 31% in patients without H-Y antibodies (P < .0001), providing the first demonstration
of a coordinated B and T cell immune response to an H-Y antigen after allogeneic
transplant. The specificity for recipient male cells was mediated by the B cell response and
not by donor T cells.>® A higher percentage of B cells within the infused peripheral blood
grafts has also been shown to increase the incidence of acute GVHD in a retrospective
analysis.”® Perhaps the strongest clinical evidence linking B cells in the pathophysiology of
chronic GVHD has been the clinical responses in patients with steroidresistant chronic
GVHD treated with the monoclonal B cell antibody rituximab (see treatment section).””

Recent research into B cell activating factor (BAFF; also referred to as B lymphocyte
stimulator) provides further insight into the initiating events leading to the generation and
maintenance of autoreactive B cells. BAFF is a cytokine that is known to be crucial in the
reconstitution and survival of B cells.”879 BAFF levels are elevated in the immediate
posttransplant period and appear to be associated with normal immune reconstitution of B
cells after allogeneic HCT.8% Sarantopoulos et al3%-81 reported that in patients with chronic
GVHD, BAFF levels remain elevated, which may prevent apoptosis of low affinity
autoreactive B cells. In contrast, in patients without chronic GVHD, there is an increase in
peripheral blood naive B cells, corresponding to lower BAFF levels.82 Therefore,
persistently elevated BAFF levels may be an initiating event for loss of B cell tolerance, as
evidenced by the generation and maintenance of autoreactive B cells.

CHRONIC GRAFT-VERSUS-HOST DISEASE CLINICAL MANIFESTATIONS

Key points

. Chronic cutaneous graft-versus-host disease may present with many different
sclerotic and nonsclerotic manifestations

. Definitions of skin involvement of chronic graft-versus-host disease have been
proposed by the National Institutes of Health Consensus Development Project

Classification of chronic GVHD

The skin is the most common organ system involved at the time of initial chronic GVHD
diagnosis; it is present in approximately 75% of patients, followed by, in decreasing
frequency, the oral mucosa, liver, and eye.83 Less commonly, the Gl tract, lung, esophagus,
female genital tract, and joints are affected. According to the NIH Consensus Development
Project, the following skin manifestations are diagnostic of chronic GVHD and therefore do
not require a biopsy specimen to establish the diagnosis: poikiloderma, lichen planus—Ilike
eruptions, lichen sclerosus-like lesions, morphea-like sclerosis, and deep sclerosis/fasciitis.?
Oral involvement with lichen planus—Iike features, hyperkeratotic plaques/leukoplakia or
restricted oral range of motion (in patients with sclerotic features), vulvovaginal involvement
with lichen planus—Iike features or scarring/stenosis, esophageal strictures, and joint
stiffness/fasciitis are additional diagnostic manifestations sufficient to establish the diagnosis
of chronic GVHD.? Various other clinical presentations are considered suggestive or
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distinctive, but are not sufficient to establish the diagnosis of chronic GVHD—at least for
clinical trial purposes—in the absence of a confirmatory biopsy or other organ
manifestation. Distinctive oral features of chronic GVHD include xerostomia, mucoceles,
mucosal atrophy, pseudomembrane formation, and noninfectious ulcers. Both acute and
chronic GVHD may present with gingivitis, mucositis, erythema, and pain.®

Sclerotic manifestations of chronic GVHD

The term “sclerodermoid” should be avoided because it does not adequately describe the full
spectrum of phenotypes observed in chronic GVHD.? Because many studies reporting the
incidence of chronic cutaneous GVHD do not differentiate sclerotic from nonsclerotic
disease, precise estimation of the burden of sclerotic skin and fasciitis is unclear. In a series
by Chosidow et al 84 of 196 patients who survived >100 days after HCT, seven of 53
(13.2%) of patients with chronic GVHD manifested sclerotic symptoms (mean 2.0 years
after HCT). Sclerotic features tend to occur later than chronic GVHD that primarily involves
the epidermis, but epidermal involvement is not a prerequisite to the development of skin
sclerosis. Skert et al8® estimated a 5-year cumulative incidence of sclerotic skin disease of
15.5% among patients who developed chronic disease. In this series, only 21% of patients
manifested “lichenoid” changes before the onset of sclerosis.8®

As evidenced by the NIH Consensus classification of skin manifestations, sclerotic
involvement may lead to a spectrum of clinical presentations. Fibrosis limited to the
papillary dermis results in small gray-white guttate papules and plaques resembling lichen
sclerosus, often on the upper back (Fig 2).86 Localized dermal fibrosis consistent with
morphea may present as nummular and irregularshaped indurated plaques with variable
hypo- and hyperpigmentation. As with idiopathic morphea, cutaneous GVHD with
morphea-like features can exhibit an isomorphic response localized to sites of minor skin
injury or pressure (eg, the waistband or brassiere line8”; Fig 3) or an isotopic response at
sites of previous skin damage (eg, at sites of varicella zoster, previously infected indwelling
ports [Fig 4], or prior ionizing radiation).84.88 Widespread dermal and subcutaneous
sclerosis leads to hidebound induration of the skin with overlying alopecia and the loss of
adnexal structures reminiscent of systemic sclerosis. Sclerotic skin overlying joints can
impair range of motion and may result in permanent contractures. Extensive sclerosis of the
torso may lead to restricted thoracic expansion and has been associated with decreased
forced vital capacity.89 In contrast to systemic sclerosis, sclerotic involvement of the face,
distal fingers and toes (sclerodactyly), and Raynaud phenomenon is uncommon (Table 1V).
Chronic skin ulceration, particularly of the pretibial and distal legs, may occur in patients
with long-standing sclerosis, and be exacerbated by overlying epidermal damage caused by
ongoing GVHD epidermal involvement or epidermal thinning from other causes, like
corticosteroids. Epidermal atrophy coupled with dermal and subcutaneous sclerosis
produces “bound down” skin and so-called “pipe-stem” legs that are prone to secondary
infections (Fig 5). Bullous lesions that develop spontaneously on severely sclerotic skin are
difficult to heal and provide a nidus for infection.

Scleratic involvement of the subcutaneous fat and fascia may be insidious, and if overlying
skin changes do not occur at the same time, the diagnosis may be delayed until the onset of
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significant range of motion limitations or contractures. Involvement of the subcutaneous
tissue manifests as a firm subcutaneous nodular texture appreciated with deep palpation.
Overlying hyperpigmentation with or without dermal fibrosis may be present, or the
overlying epidermis may appear relatively normal with only a rippled or “cellulite”
appearance resembling eosinophilic fasciitis (Fig 6).86:90 Fascial involvement is often most
easily visualized on the medial arms and thighs and may be accentuated by abduction and
supination of the arm. Prominent “grooving” between fascial bundles or along the path of
superficial vessels may be present (Fig 7). Limited wrist extension, also called an impaired
“prayer sign,” is a useful parameter to measure disease progression (Fig 8). Examination of
patients suspected of fasciitis should include assessment of all joints for compromised range
of motion.

Additional signs and symptoms of evolving sclerotic involvement include widespread
calcinosis,®! edema of the affected extremity, muscle weakness, pain, and cramping.92 It
may be clinically difficult to differentiate edema associated with sclerotic skin involvement
from drug-induced causes (eg, sirolimus, imatinib, or gabapentin), fluid overload, and deep
venous thrombosis in patients with indwelling lines. Muscle pain or weakness may also be
attributable to electrolyte abnormalities, myositis or myasthenia gravis, and decreased range
of motion may be secondary to pain, avascular necrosis, or chronic neuropathy. In
challenging diagnostic situations, including the absence of overt signs of dermal or fascial
involvement, magnetic resonance imaging may be helpful to determine the presence of
edema in the subcutaneous tissue, fascia, or epimysium indicative of deep-seated
inflammation.93:94 Fascial and muscle biopsy specimens can provide definite histologic
evidence of fasciitis and myositis, but are not routinely required in the GVHD setting.

Although autoantibodies in chronic GVHD often lack the specificity seen in classic
autoimmune disease, their presence has been proposed to indicate an increased risk of
developing extensive chronic GVHD and sclerotic disease in particular. In a study by
Patriarca et al, % the cumulative incidence of abnormal antinuclear antibody (ANA) titers
was 70% in patients with limited chronic disease and 94% of patients with extensive chronic
disease, compared to 23.5% of patients who did not develop chronic GVHD. The presence
of more than one autoantibody also correlated with risk of extensive disease; however, the
degree of elevation of ANA titer did not correlate with disease severity. The presence of a
nucleolar ANA pattern also indicated a potential association with sclerotic disease (£ =.06).
40 1n another small series of sclerotic-type chronic GVHD patients, the presence of
detectable autoantibodies and serum eosinophilia were associated with increased risk of
sclerotic-type chronic GVHD.8% However, in a large multivariate analysis of 206 patients
(109 with sclerotic skin disease) evaluated at the NIH, ANA was not associated with risk of
skin fibrosis. In this population, composed primarily of patients with severe or treatment-
refractory disease, sclerotic GVHD was associated with elevated platelet count (< .001),
elevated C3 (P=.001), and antecedent exposure to total body irradiation (TBI) in the
transplant conditioning regimen (2= .002).8% Although TBI has been implicated in the
development of acute GVHD,16:95 this study was the first to detect an increased risk of
sclerotic skin disease after TBI, and suggests that further investigation is needed to
determine the role of specific transplantrelated factors in the etiology of scleratic skin
manifestations.
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The histologic findings in sclerotic skin reflect the clinical presentation. Sclerotic
involvement of the papillary dermis may resemble lichen sclerosus with atrophy,
hyperkeratosis, follicular plugging, and a pale, homogenized appearance of the papillary
dermis collagen.8® If epidermal changes of GVHD are not present, dermal fibrosis with
thickened collagen bundles and loss of periadnexal fat involvement may be indistinguishable
from idiopathic morphea/scleroderma. Subcutaneous and fascial involvement accordingly
reveal changes in the fat septae and fascia, including thickening, edema, and fibrosis, with
variable infiltration of lymphocytes, histiocytes, and eosinophils.8¢ In a small study,
evaluation of RNA from paraffinembedded tissues harvested from sclerotic skin revealed
increased transcript levels of allograft inflammatory factor-1 (AlF-1) and transforming
growth factor-beta, whereas lesions resembling lichen planus contained higher levels of
CD20* cells.%

Nonsclerotic manifestations of chronic GVHD

Nonsclerotic cutaneous GVHD is characterized by epidermal changes, sometimes preceded
by pain, pruritus, or photosensitivity.9” The term “lichenoid” is no longer recommended,
because it is a histologic descriptor that has been used in a nonspecific manner to describe
many skin manifestations of chronic GVHD that are nonsclerotic in nature.1? The term
“erythematous rash” is used in the NIH response criteria guidelines to encompass the many
nonsclerotic manifestations of chronic cutaneous GVHD; however, more specific
descriptions are preferred, including (but not limited to) lichen planus—Iike, ichthyosiform,
poikilodermatous, papulosquamous, psoriasiform, eczematous, or exfoliative.98-101
Individual patients may have multiple morphologies at different times in their disease
course, as summarized in Table V and Figs 9 to 15. When involvement is limited to the
hands and feet, a confirmatory biopsy specimen may help to distinguish GVHD from other
conditions, including psoriasis and eczematous dermatitis.%12:100,102

Lichen planus—Iike lesions have long been recognized as a diagnostic feature of chronic
skin GVHD? and are characterized by violaceous papules and plaques that may be focal,
folliculocentric, confluent, or linear.103 Vesicular lichen planus—like GVHD must be
distinguished from herpes simplex or varicella—zoster virus superinfection.194 Another rare
cause of blistering, bullous pemphigoid, may occur after HCT with or without other
cutaneous GVHD manifestations. In these cases, indirect and direct immunofluorescence
may be positive, further implicating B cells and autoimmunity in disease pathogenesis.19°

As is the case with acute GVHD, biopsy specimens of chronic cutaneous GVHD have an
interface dermatitis, lymphocyte satellitosis, and vacuolar changes at the basal cell layer.
Acanthosis and wedge-shaped hypergranulosis resembling lichen planus may be seen, but in
many cases it may not be possible to histologically distinguish acute and chronic epidermal
involvement.10

Hypo- and hyperpigmentation are usually postinflammatory in nature, although
depigmentation and vitiligo1%¢ also occur without detectable antecedent lesions, sometimes
in conjunction with alopecia areata and ichthyosis.®107 Extreme cases may be cosmetically
devastating, and the course and response to treatment unpredictable.
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Hair and nail changes

Nail changes occur in 50% of patients with chronic GVHD and are characterized by
dystrophy, thickening, thinning, onycholysis, vertical ridging, and pterygium. The latter is
characterized by matrix destruction and damage to the nail plate, similar to that seen in
lichen planus,198 and can result in permanent loss of the nail (Fig 16). Vertical pigment
bands occasionally develop and may be temporary or permanent. Capillaroscopy of the nail
beds in patients with sclerotic GVHD may reveal avascular whitish linear areas,
neovascularization with a reticular pattern, capillary disorganization, and hemorrhage.109

Scarring and nonscarring alopecia may develop and should be distinguished from persistent
alopecia after recovery from chemotherapy and radiotherapy.® Other causes of hair loss after
allogeneic HCT should be excluded, including medications, metabolic issues/endocrine
dysfunction, scalp infection, telogen and androgen effluvium, and androgenetic alopecia.

Mucous membrane disease

Mucosal disease is second only to skin involvement in frequency of chronic GVHD
involvement, and common symptoms are dry mouth and oral pain, especially with spicy
food.110 If the pain is severe, patients may begin to limit their oral intake, compounding
weight loss, dehydration, and nutritional issues common in the posttransplant patient. The
presence of mucoceles and Wickham striae of the lips and buccal mucosa are significant
findings of chronic GVHD, based on the NIH Consensus Criteria® (Table VI; Fig 17).
Damage to major and minor salivary glands results in xerostomia and dental caries.}11
Chronic GVHD of the oral mucosa and oral lichen planus may be indistinguishable, because
both may manifest Wickham striae on the lips, mucosa, and palate along with erosive
changes. However, a significantly higher frequency of CD1a* Langerhans cells as well as
CD25" cells has been described in oral lichen planus compared to chronic GVHD.112
Additional oral findings include gingivitis, altered lingual papillae, geographic tongue, and
coating of the tongue with white, nondetachable plaques.

Genital involvement with chronic GVHD may significantly impair sexual function and
overall quality of lifel13; however, patients may be hesitant to report signs and symptoms to
their physician. Vaginal disease develops an average of 10 months after transplantation with
dryness, excoriations, ulcerated or thickened mucosa, narrowed or obliterated introitus,
vaginal infections, and dyspareunia.114 Symptoms may be exacerbated by premature
menopause precipitated by previous chemotherapy. Severe vulvovaginal involvement may
lead to vaginal stenosis, labial resorption, or complete agglutination of the introitus, leading
to hematocolpos.11® Genital involvement in men may lead to fibrosis and scarring of the
prepuce and glans penis!16 and genital involvement resembling idiopathic lichen planus and
lichen sclerosus.11?

Other GVHD manifestations

Although cutaneous disease may be the only site of activity, chronic GVHD may affect
nearly any organ system (Table VI), emphasizing the importance of multidisciplinary
intervention for many patients. Generalized fatigue, poor appetite, and malaise may be
nonspecific indicators of flaring disease activity. Other sites of involvement are the eyes,
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liver, lungs, and marrow (usually manifesting as thrombocytopenia).3! Esophageal webs/
strictures, myositis, nephrotic syndrome, and pericarditis are less frequently seen.

Abbreviations used

ANA antinuclear antibody

APC antigen-presenting cell

BAFF B cell activating factor

GVHD graft-versus-host disease

GVT graft-versus-tumor

HCT hematopoietic cell transplantation

HPC hematopoietic progenitor cell

HLA human leukocyte antigen

MiHC minor histocompatibility antigen

NIH National Institutes of Health

Tregs T-regulatory cell
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CAPSULE SUMMARY

. Graft-versus-host disease is the primary cause of morbidity and non—relapse-
related mortality in patients who undergo allogeneic hematopoietic cell
transplantation.

. Acute graft-versus-host disease manifests as a skin exanthem, liver
dysfunction, and gastrointestinal involvement.

. Chronic graft-versus-host disease of the skin is remarkably variable in its
clinical presentation.

. Chronic graft-versus-host disease is a multisystem disorder that may affect
nearly any organ; the most common sites are the skin, oral mucosa, and eyes.
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Fig 1.
Acute graft-versus-host disease. A, Morbilliform eruption on the arm. B, Morbilliform
eruption with bullae and epidermal denudation on the central back.
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Fig 2.
Chronic graft-versus-host disease. Hypopigmented plaque with epidermal atrophy
characteristic of lichen sclerosus—Ilike chronic graft-versus-host disease.
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Fig 3.
Chronic graft-versus-host disease. An extensive hyperpigmented sclerotic plaque is present
at the waistband (isomorphic response).
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Fig 4.
Chronic graft-versus-host disease. This morphea-like plaque is located at the site of a
previous indwelling venous port.
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Fig 5.

Chronic graft-versus-host disease. Extensive dermal and subcutaneous sclerosis results in
thin, “pipe-stem” legs, limitation of ankle movement, skin erosions, and poor wound
healing.
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Fig 6.
Chronic graft-versus-host disease. There is a rippled, cellulite-like appearance characteristic
of subcutaneous sclerosis.
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Fig 7.
Chronic graft-versus-host disease. The groove sign is seen between fascial bundles.
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Fig 8.
Chronic graft-versus-host disease. Impaired prayer sign characterized by limited wrist and
finger extension, indicative of fascial involvement.
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Fig 9.
Chronic graft-versus-host disease. Epidermal graft-versus-host disease characterized by the
new onset of ichthyosis.
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Fig 10.
Chronic graft-versus-host disease. Epidermal graft-versus-host disease characterized by
keratosis pilaris—like changes.
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Fig 11.
Chronic graft-versus-host disease. Epidermal graft-versus-host disease characterized by

lichen planus-like changes on the posterior surface of the neck and upper aspect of the back.
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Fig 12.
Chronic graft-versus-host disease. Epidermal graft-versus-host disease characterized by
psoriasiform changes.
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Fig 13.
Chronic graft-versus-host disease. Poikiloderma characterized by epidermal atrophy and
erosions, telangiectasias, and dyspigmentation.
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Fig 14.
Chronic graft-versus-host disease. A, Spontaneous loss of pigment on the hands. B,

Spontaneous loss of pigment without preceding skin eruption in a “leopard” distribution.
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Fig 15.
Chronic graft-versus-host disease. A, Extensive erythema and scaling on the palm. B,

Erythema and fissuring on the hands of a patient with biopsy-proven graft-versus-host
disease.
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Fig 16.
Chronic graft-versus-host disease. Permanent loss of the nail after graft-versus-host disease

of the nail bed.
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Fig 17.
Chronic graft-versus-host disease. Mucoceles (arrows) and Wickham striae of the palate.
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Category Time of symptoms after HCT or DLI Presence of acute GVHD Presence of chronic GVHD
features features
Acute GVHD
Classic <100 days Yes No
Persistent, recurrent, or late-onset > 100 days Yes No
Chronic GVHD
Classic No time limit No Yes
Overlap syndrome No time limit Yes Yes

Adapted from Filipovich et a9

DL/, Donor lymphocyte infusion; GVHD, graft-versus-host disease; HCT, hematopoietic cell transplant.
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Table lll.

Histopathologic staging of acute graft-versus-host disease

Grade Histopathologic features

0 Normal epidermis

1 Focal or diffuse vacuolar alteration of the basal cell layer

2 Grade 1 plus dyskeratotic squamous cells in the epidermis and/or hair follicle
3 Grade 2 plus subepidermal vesicle formation

4 Complete separation of the epidermis from dermis

Adapted from Lerner et al.29
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Table V.

Epidermal manifestations of graft-versus-host disease

Manifestation

Description

Xerosis/ichthyosis (Fig 9)
Keratosis pilaris-like (Fig 10)
Lichen planus—like (Fig 11)
Papulosquamous/ psoriasiform/
eczematous (Fig 12)
Poikiloderma (Fig 13)
Dyspigmentation (Fig 14)

Acral erythema (Fig 15)

Dry skin, frequently generalized; “dry dandruff” on scalp or fishlike scales
Perifollicular erythema or hyperpigmentation with papules or follicular keratotic, spiny protrusions

Purple or hyperpigmented papules and plaques with varying configurations: annular, reticulated, or
confluent;the distribution may be follicular, linear, or dermatomal, and vesicles may be present

Discrete guttate, annular, or confluent erythematous scaly patches and plaques involving any part of
the body including scalp, face, hands, and feet

Erythema, hypo- and hyperpigmentation with epidermal atrophy

Punctuate or confetti-like; spontaneous depigmentation suggestive of vitiligo or postinflammatory
process

Diffuse or patchy erythema, edema, pain with variable hyperkeratosis and erosions; early cases may
resemble hand or foot eczema

Adapted from Cowen and Hymes.101
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Table VI.

Signs and symptoms of chronic graft-versus-host disease based on National Institutes of Health Consensus
Criteria®
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Skin and mucosal involvement
Alopecia
Angiomatous papules

Bullae
Erythema

Hypo- or hyperpigmentation
Ichthyosis-like

Keratosis pilaris—like
Lichen planus—like
Lichen sclerosus—like
Maculopapular

Morphea-like
Poikiloderma

Scleroderma-like
Sweat impairment
Ulceration
Nails
Brittleness
Longitudinal ridging or splitting
Onycholysis
Pterygium unguis
Subcutaneous tissue
Fasciitis
Panniculitis
Oral mucosa
Erythema
Gingivitis
Hyperkeratotic plaques
Lichen planus—like
Mucocele
Mucosal atrophy
Mucositis
Pseudomembrane

Restriction of oral opening from sclerosis

Ulcer

Xerostomia

Genital mucosa

Other organ system disease
Cardiovascular
Pericardial effusion

Cardiac conduction abnormality

Cardiomyopathy

Ophthalmologic
Blepharitis

Cicatricial conjunctivitis

Confluent punctuate keratopathy

Keratoconjunctivitis sicca

Photophobia

Gastrointestinal
Esophageal web
Esophageal stricture/stenosis

Exocrine pancreatic insufficiency

Hematopoietic
Eosinophilia
Hypo/hypergammaglobulinemia
Lymphopenia
Thrombocytopenia

Hepatic
Elevated total bilirubin

Elevated alkaline phosphatase

Elevated transaminases
Musculoskeletal

Arthralgia

Arthritis

Edema

Myalgia

Myositis/polymyositis
Neurologic

Peripheral neuropathy

Pulmonary

Bronchiolitis obliterans with or without organizing pneumonia
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Lichen planus—like
Vulvar erosions/fissures Pleural effusion
Vaginal scarring/stenosis Renal
Nephrotic syndrome
Rheumatologic
Autoantibodies

Myasthenia gravis

Diagnostic features of chronic graft-versus-host disease based on National Institutes of Health Consensus Criteria are shown in bold.
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