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Abstract

Chronic graft-versus-host disease (GVHD) can be associated with significant morbidity, in

part because of nonreversible fibrosis, which impacts physical functioning (eye, skin, lung
manifestations) and mortality (lung, gastrointestinal manifestations). Progress in preventing severe
morbidity and mortality associated with chronic GVHD is limited by a complex and incompletely
understood disease biology and a lack of prognostic biomarkers. Likewise, treatment advances
for highly morbid manifestations remain hindered by the absence of effective organ-specific
approaches targeting “irreversible” fibrotic sequelae and difficulties in conducting clinical trials
in a heterogeneous disease with small patient numbers. The purpose of this document is to
identify current gaps, to outline a roadmap of research goals for highly morbid forms of chronic
GVHD including advanced skin sclerosis, fasciitis, lung, ocular and gastrointestinal involvement,
and to propose strategies for effective trial design. The working group made the following
recommendations: (1) Phenotype chronic GVHD clinically and biologically in future cohorts,

to describe the incidence, prognostic factors, mechanisms of organ damage, and clinical evolution
of highly morbid conditions including long-term effects in children; (2) Conduct longitudinal
multicenter studies with common definitions and research sample collections; (3) Develop new
approaches for early identification and treatment of highly morbid forms of chronic GVHD,
especially biologically targeted treatments, with a special focus on fibrotic changes; and (4)
Establish primary endpoints for clinical trials addressing each highly morbid manifestation in
relationship to the time point of intervention (early versus late). Alternative endpoints, such as
lack of progression and improvement in physical functioning or quality of life, may be suitable for
clinical trials in patients with highly morbid manifestations. Finally, new approaches for objective
response assessment and exploration of novel trial designs for small populations are required.
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Chronic graft-versus-host disease (GVHD) may be associated with significant morbidity, in
part due to development of non-reversible fibrosis (eye, sclerosis, lung) with detrimental
impact on physical functioning (sclerotic skin manifestations, lung) and survival (lung,
gastrointestinal) [1,2]. Progress in prevention of long-term severe morbidity and mortality
associated with chronic GVHD is limited by a complex and incompletely understood disease
biology and lack of prognostic biomarkers associated with a highly morbid future course.
Treatment advances for these highly morbid manifestations are limited because of both

the difficulty in conducting clinical trials in a heterogeneous disease with small patient
numbers and the absence of effective organ-specific approaches targeting “irreversible”
fibrotic sequelae.

PURPOSE OF THIS DOCUMENT

The goal of this working group is to address gaps and outline a roadmap of research goals
including suggestions on trial design for frequent, highly morbid forms of chronic GVHD,
namely advanced skin sclerosis and fasciitis, and lung, ocular, and gastrointestinal (GI)
involvement.

SUMMARY OF RECOMMENDATIONS

1. Future studies should phenotype chronic GVHD clinically and biologically,
to describe the incidence, prognostic factors, mechanisms of organ damage,
and clinical evolution of highly morbid manifestations including long term
effects of morbid forms in children. Longitudinal multicenter studies with
common definitions (diagnostic and inclusion criteria, documentation of organ
involvement and endpoints with sufficient follow up) and research sample
collections are needed (Figures 1 and 2).

2. Develop new approaches for early identification and treatment of highly morbid
forms of chronic GVHD, especially biologically targeted treatments, with a
special focus on prevention and treatment of fibrotic changes.

3. Establish primary endpoints for clinical trials addressing each highly morbid
manifestation in relationship to the time point of intervention (early versus late).
Alternative endpoints, such as lack of progression and improvement in physical
functioning or quality of life, can provide compelling evidence of clinical benefit
in clinical trials to evaluate treatment of highly morbid manifestations.

4, Explore novel trial designs for small populations, emphasizing the need for
objective endpoints.
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Each working group was created to encourage global engagement in the topic [3]. Groups
worked individually to review the relevant literature and create the initial draft of the paper,
which was circulated for review and comment by the Steering Committee. Two iterative
rounds of comments from the Steering Committee were collected before the November
2020 Consensus Conference with appropriate manuscript revisions. Based on additional
comments from Conference participants and a 30-day public comment period, the paper was
further revised for submission.

SCLEROSIS OF SKIN AND FASCIA

Current clinical knowledge

Pathophysio

Skin is the organ most frequently affected by chronic GVHD. Although inflammatory
disease manifestations characterized by erythematous or lichen planus-like clinical
presentations are often responsive to therapy, management options for fibrotic disease
remain limited although responses have been reported in superficial and deep sclerosis.

Scleratic chronic GVHD (ScGVHD) at onset of disease occurs infrequently [4] but
long-standing chronic GVHD is likely to advance to sclerosis, with 20% of patients

having sclerosis after 3 years of chronic GVHD therapy. The prevalence of sclerosis
exceeds 50% among those with severe disease [4-7]. ScGVHD can manifest as localized
disease (morphea-like), diffuse involvement, deep sclerosis, panniculitis, or fasciitis
without epidermal manifestations. SCGVHD may cause joint contractures, skin breakdown,
neuropathy (including small fiber neuropathy [8], nerve compression syndrome and painful
muscle cramping [9]), myopathy as a consequence of fascial compression, and vascular
insufficiency that contributes to poor wound healing.

logy

Fibrosis represents the terminal step of an unchecked inflammatory alloreactivity cascade.
The role of T cells in chronic skin GVHD development is well defined and supported

by defined genetic risk factors [10], but their role in an established sclerotic response is
unknown. ScGVHD hiopsy specimens demonstrate variable degrees of CD4* and CD8*

T cell infiltration with unknown clonal architecture [11-14]; and infiltrating T cells may
represent bystanders or effectors depending on biopsy timing [11,12]. In systemic sclerosis
(SSc) [15], as well as chronic GVHD [16,17] impaired function of regulatory T cells has
been reported, and 1L-2 treatment, which expands regulatory T cells, has shown efficacy in
advanced chronic GVHD [18]. Agonist platelet—derived growth factor-receptor (PDGF-R)
antibodies [19] or other antibodies targeting surface antigens [20] could have a role in
severe fibrotic forms of chronic GVHD. Poor correlation of chronic GVHD severity, lack of
damage in grafted donor skin indicating host specificity, and limited response to PDGF-R
inhibitors in patients with these antibodies argue against the broader relevance of these
findings [21,22]. A possible mechanistic role of B cells in ScGVHD has been suggested with
improvement of sclerosis after B cell depletion [23]. Additional work is needed in chronic
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GVHD, to determine how B cells might promote fibrosis since definitive evidence linking
antibody-dependent mechanisms to human ScGVHD is lacking [24].

Recently, distinct dermal myeloid cell populations were identified in human skin [25]. In
animal models, macrophages contribute to development of fibrosis in both transforming
growth factor beta (TGFp)-dependent and -independent fashion and their pathogenic

role in chronic GVHD is increasingly recognized [26-28]. Relevant for ScCGVHD,
myeloid-sourced TGF £ [29,30] promotes fibrosis through positive regulation of fibroblast
proliferation and differentiation into myofibroblasts [31] and stimulation of extracellular
matrix overproduction [30]. In addition, macrophage-derived TGFg promotes epithelial
mesenchymal transition in models of lung fibrosis [32]. Partial epithelial mesenchymal
transition is involved in normal wound healing, although its disruption in the inflammatory
environment can promote pathologic fibrosis in lung and skin [33]. Although fibroblasts
represent critical mediators of fibrotic tissue injury, little is known about their homeostasis
during chronic GVHD.

TGFgis a keystone pathway in many fibrotic disorders and has a documented role in
preclinical SCGVHD [29,30]. In patients, higher TGFS levels are associated with adverse
outcomes taking into account the challenges of correlating expression and activity [34,35].
However, TGFg exerts distinct effects on post-transplantation complications early and late
after transplantation [30], has pleiotropic roles in different compartments [36], and activates
distinct downstream signaling pathways [36], making it challenging as a therapeutic target.
Type | interferon responses feature prominently in SSc skin fibrosis and SCGVHD as well
[37,38], tightly linking adaptive and innate immune crosstalk in initiation and persistence
of ScGVHD, with possible therapeutic implications. The recent approval of tocilizumab in
pulmonary manifestations of SSc highlights the importance of IL-6 in the pathophysiology
of fibrosis and this cytokine may also play a role in SCGVHD [39-41].

Other interconnected pathways, commonly influenced by TGFp, often create a feed-
forward loop promoting aberrant tissue remodeling such as the developmental (morphogen)
pathways, particularly Hedgehog, Wnt, and Notch, which are involved in fibrotic disorders
[33,42-44]. Active Hedgehog signaling has been observed in the skin of patients with
ScGVHD, and its targeting in preclinical models modulated collagen production by
myofibroblasts and reduced fibrosis [45]. Hedgehog inhibitors have been tested in chronic
GVHD with some efficacy, although their use is hindered by significant toxicities [46,47].
Recent data in ScCGVHD suggested an immunomodulatory role of morphogen pathways with
broad effects on adaptive immunity promoting chronic GVHD [46,48], thus providing an
added impetus for clinical translation. The endocannabinoid system is involved in multiple
inflammatory and fibrotic disorders, with opposing roles for signaling through cannabinoid
receptor 1 (CB4R; profibrogenic) and cannabinoid receptor 2 (CB,R; antifibrotic/anti-
inflammatory), and agents targeting these receptors (CB1R antagonists, CB2R agonists)

are already in clinical trials [49-52]. Of the many immune mechanisms that contribute to
development of chronic GvHD, it will be important to elucidate whether different immune
pathways lead to specific clinical presentations.
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Gaps in knowledge and unmet needs; highest priorities

The pivotal role of immune injury in the initial steps of fibrosis is well accepted. However,
the mechanisms responsible for the shift from active inflammation to feed-forward loops of
dysregulated tissue remodeling remains unknown. Understanding this transition is essential
to devise approaches with optimal therapeutic indices that minimize immunosuppression.
Both skin and peripheral blood samples should be queried to identify abnormalities

along the disease continuum to inform preclinical modeling with a goal of defining

the mechanistic relevance of the observations. Optimized preclinical ex vivo approaches
could be well suited for the latter (e.g., to evaluate the effect of TGFSand TGFS

pathway inhibitors on sclerotic skin fibroblasts). Deeper interrogation should use -omics
methods and novel tissue diagnostic approaches such as multiplex immunohistochemistry/
immunofluorescence, which can be enhanced by artificial intelligence (machine and deep
learning) to offer a spatial perspective into the disease process and facilitate the development
of novel biomarker signatures.

Clinical trials need more robust and sensitive endpoints. It is particularly challenging to
precisely quantify the evolution and the extent of deep-seated (subcutaneous and fascial)
disease to assess response and the current organ-based grading system is poorly suited

to detect responses in established sclerosis. Given this limitation, functional improvement
(e.g., improved joint mobility documented by P-ROM and physician global and skin and
joint tightening scale per the 2014 National Institutes of Health [NIH] Consensus) could

be considered an ScCGVHD response, even if skin-specific scoring remains unchanged. Data
supporting such an approach have been published [53], and bedside validation in SCGVHD
should be actively pursued. Imaging biomarkers that have been suggested include high-
frequency ultrasonography and magnetic resonance imaging, but rapid, safe, less costly,
and accessible clinical assessment tools are needed (Table 1) [54,55]. Gene expression
biomarkers in SSc skin correlated highly with changes of the modified Rodnan skin score
and have been utilized to support response assessment in several clinical trials in that disease
[56-59], but its use in ScGVHD requires additional exploration.

Translation of knowledge accrued from organ fibrosis (e.g., SSc and idiopathic pulmonary
fibrosis) to SCGVHD should be accelerated and is critical to improvement in patient care.
Some agents have already demonstrated promise in chronic GVHD (e.g. belumosudil, a
rho-associated coiled coil protein kinase-2 (ROCK?2) inhibitor [60]), whereas many others
have yet to be explored (e.g., connective tissue growth factor or cannabinoid receptor—
directed therapies) (Table 2). Theoretically, avoiding unnecessary immunosuppression and
side effects is possible with topical delivery methods [61], but most are formulated to

be effective only against superficial skin conditions affecting the epidermis and papillary
dermis. Effective topical delivery in ScGVHD may be hampered by increased dermal
thickness and possibly by lower permeability. Strategies to improve drug delivery include
physical approaches (microneedles, laser, iontophoresis), particle-based drug carriers (lipid-
based, nanoparticles) and chemical approaches (permeation modifiers, prodrugs) [62].
Precision medicine with engineered cell therapies targeting fibrosis have been explored in
other diseases [63] and could be considered in SCGVHD. Multitargeting approaches may
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be helpful to prevent evolution to sclerosis and to enhance safety without compromising
efficacy [64].

Highest Priorities and Roadmap for progress for ScGVHD

1.

Longitudinal multicenter studies to evaluate pathologic cell populations in
lesional and unaffected skin and peripheral blood, and cytokine and chemokine
responses, should be done to identify early signatures for subsequent fibrosis and
to identify additional target pathways.

Capitalize on the enhanced resolution of next generation sequencing strategies,
including single-cell RNA-, assay for transposase-accessible chromatin (ATAC)-,
TCR-, and BCR-sequencing to query skin biopsies to provide biological insight
into the mediators of SCGVHD in individual patients, address the degree of
temporal and clinical disease heterogeneity, and the origins (recipient versus
donor) and phenotype of clonally expanded T- and B-cell populations. These
investigations could be complemented by new proteomic technologies such as
multiplexed ion beam imaging by time of flight (MIBI-TOF) [65] combined
with nonlinear dimensionality reduction analysis approaches (visualization of
t-distributed stochastic neighbor embedding [tSNE]/[ViSNE]).

Analyze differences in expression and the spatial distribution of mediators and
targets within the epidermis, dermis, subcutaneous fat, and fascia in an effort

to understand differences in clinical presentations and identify interventions that
could be personalized.

Test emerging therapies being developed for organ fibrosis and supported

by biological insights in ScCGVHD, focusing on early intervention. Promising
candidates are listed in Table 2. Combination therapies targeting multiple
pathways active in fibrosis should be considered to augment efficacy while
minimizing toxicities aiming to stop or potentially reverse fibrotic changes.

Develop novel cost-effective tools for better measurement and documentation
of change in skin sclerosis for clinical trials. Refinements of the current 2014
clinical response criteria are needed for skin sclerosis/fascia manifestations.

PULMONARY INVOLVEMENT

Current clinical knowledge

Bronchiolitis obliterans syndrome (BOS) is the only formally recognized manifestation of
lung chronic GVHD, with an incidence of 3% to 10% of allogeneic hematopoietic cell
transplant (HCT) recipients [66—68], and 14% [69] in those with chronic GVHD. Although
the histologic entity of obliterative bronchiolitis is the diagnostic lesion of lung GVHD,
clinical diagnosis is largely based on pulmonary function studies that cannot be performed
in children under age 7 [70]. Risk factors for onset include antecedent respiratory viral
infections [71,72] and impaired lung function early after transplantation [68,73]. Worse
prognosis is associated with early onset after transplantation and severe impairment of
forced expiratory volume first second (FEV,) at diagnosis. Contemporary series show a
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2-year survival rate of 70% after BOS diagnosis [74], and 5-year survival remains low at
approximately 50%, highlighting the need for novel prevention and treatment strategies [68].

Pathophysiology

The pathology of BOS is characterized by fibrotic narrowing and obstruction of small
airways, likely the shared outcome of immune and non-immune mediated injury to the
airway epithelium. A fundamental knowledge gap, however, lies in understanding the
triggers of lung epithelial cell injury and subsequent mechanisms of altered immune

and fibrotic responses that result in obliterative bronchiolitis. Mechanisms being explored
in other disease contexts include airway stem cell depletion [75] and acquisition of a
persistent inflammatory airway epithelial cell phenotype [76,77]. The immune dysregulation
associated with BOS after lung allograft or HCT appears to involve oligoclonal expansion
of CD4™ T cells, reduced T regulatory cells, and higher levels of IL-17 and 1L-8 [78].

In one murine model, alternatively activated macrophages drove BOS, supported clinically
by evidence of leukotriene production, and polarized CD4* immune activation [26]. In
another preclinical model, donor B cells contribute to airway pathology through local
antibody production. In this model, genetic disruption of germinal center formation, which
is supported by T follicular helper cells [79], reduced pulmonary dysfunction [80]. These
mechanistic insights have not yet been confirmed in humans, although biomarker studies
support a prominent role of B cells with significantly elevated CD19*CD21!W B cells

and high soluble B-cell activating factor levels [81]. The role of the microbiome, which is
influential in other airway diseases, should be investigated [82].

Physiological subtypes

Defining clinical phenotypes of BOS remains a significant knowledge gap that hampers

our ability to identify patients at risk for morbidity and death from lung GVHD. Current
NIH spirometric criteria used for BOS diagnosis defines this disorder based upon airflow
obstruction. Although this definition encompasses most cases of BOS, it is unlikely

to reflect the full spectrum of physiologic and histologic manifestations of BOS, nor

does it facilitate identification of early disease [83-85]. A concerning pattern is reduced
FEV, and forced vital capacity (FVC) with normal FEV/FVC ratio [83], potentially
reflecting impaired exhalation caused by air trapping by small airways obstruction, resulting
in a pattern that suggests restriction. This pattern underlines the need for a complete
evaluation including lung volumes and a high-resolution chest computed tomography
scanning in expiration. An open question remains whether lymphocytic bronchiolitis, which
is responsive to anti-inflammatory agents [84], represents early phase of disease, a distinct
subtype of BOS, or is a separate entity from BOS. Although some patients demonstrate
stability of FEV after clinical recognition, this plateau could be due to treatment, a distinct
biology, or the stage of the disease at diagnosis [69,74]. More significantly, the clinical and
biological risk factors for progressive refractory lung function decline are not known.

The association of chronic GVHD with restrictive lung impairment remains ill-defined

for HCT survivors and is not currently recognized as a chronic GVHD manifestation.
Restrictive allograft syndrome is a phenotype of chronic lung allograft dysfunction (CLAD)
in lung transplantation recipients, and is defined by a reduction in FVC or total lung capacity
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(TLC) with persistent lung infiltrates and carries a worse prognosis than classic BOS [86—
89]. Although a similar entity is suspected to occur after HCT, confounding diagnoses

for restrictive physiology and the lack of validated diagnostic criteria in the context of
chronic GVHD have been barriers to recognition [89]. Although restriction may be due

to known interstitial lung disease entities including organizing pneumonia, restrictive lung
impairment in chronic GVHD can also be caused by extraparenchymal processes including
truncal sclerosis [90], respiratory muscle weakness [85,91], or pleural effusions. In severe
BOS, histological evidence of interstitial pathology is often associated with the bronchiolar
lesions [85], suggesting that interstitial abnormalities, in addition to airway pathology, are
part of the spectrum of lung chronic GVHD. Table 3 summarizes the spectrum of lung
abnormalities, diagnostic criteria and association with chronic GVHD after HCT.

Treatment for manifest BOS is aimed at stabilizing lung function, which reflects the
sobering observations that diagnosis is usually made at a later stage of disease, and no
therapies that reverse the end-stage lesion of obliterative bronchiolitis have been established.
Nonetheless, efforts at early recognition and intervention may be able to reverse BOS [92].
The combination of inhaled corticosteroids (fluticasone), azithromycin, and montelukast,
with or without a long-acting bronchodilator, has been established as organ-specific therapy
for BOS [93,94]. Observations of potential impaired graft-versus-leukemia effects associated
with prophylactic azithromycin given in the early posttransplant period raised concerns
about its use to treat BOS [95]. A subsequent analysis of patients treated for manifest BOS
did not show an increased risk for relapse [96]. Despite these treatments, lung function
continues to decline in a significant proportion of BOS patients [97], and intensified
immunosuppression contributes to lung infections, which in turn worsen lung function
supporting the need for antimicrobial prophylaxis and pulmonary rehabilitation [98,99].
Agents that are currently under investigation have shown utility in other chronic lung
conditions such as pulmonary fibrosis and include inhaled immunosuppressants [100] and
anti-inflammatory or antifibrotic agents [101].

Highest priorities and roadmap for progress in pulmonary chronic GVHD

1 Understand the onset and evolution of lung GVHD. A prospective longitudinal
multicenter patient study cohort including adults and children followed up from
the time of onset of chronic GVHD, is essential to comprehensively identify
biologic triggers (e.g., viral infections), enable discovery of biomarkers for
early diagnosis, provide biospecimens for translational mechanistic studies and
microbiome analysis, and define lung GVHD subtypes (Figure 1).

a. Serial pulmonary function tests (PFTs) and chest computed tomography
[90,102] with quantitative lung imaging techniques (e.g., parametric
response mapping) are clinical tools that could be implemented
immediately as part of clinical care to delineate phenotypes and
physiologic biomarkers that associate with BOS. Machine learning
approaches that combine serial data from PFTs, imaging, and clinical
risk factors might identify scenarios that predict high risk [103].
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Additional modalities including hyperpolarized xenon-129 magnetic
resonance imaging for the early detection of small airways disease in
children should be further explored [104].

b. The creation of a shared lung-specific biorepository will support
biomarker discovery and mechanistic studies. Given the inherent
challenges of procuring surgical lung tissue, universal protocols should
be implemented to systematically collect excess bronchoalveolar lavage
and lung biopsy specimens obtained during clinical care. Less invasive
means of sampling airway epithelium, e.g., bronchial brushings, and
development of validated serum or plasma-based assays should be
explored [102]. Coupling these samples with carefully annotated
clinical databases will be critical.

2. Test strategies for early diagnosis and novel treatments in clinical trials.
Early diagnostic strategies coupled with preemptive treatment with targeted
agents should be evaluated to avert severe BOS forms and potentially
reverse obstruction before progression to advanced fibrosis. Novel therapies
for established BOS need to be tested in clinical trials that are informed
by knowledge of BOS evolution and an understanding of pathogenesis and
biomarkers of response, which is possible only with a longitudinal prospective
cohort. Clinically relevant endpoints include FEV stability (or lack of
progression of FEV4 decline), infectious exacerbations, exercise tolerance,
quality of life, reduction of systemic steroid use, and overall survival.

GASTROINTESTINAL INVOLVEMENT

Current clinical knowledge

Historically, the intestine has been less commonly affected by chronic GVHD, which may
be partly explained by lack of documentation of Gl involvement in the past. The 2005

NIH consensus (updated in 2014) provided for the first time a definition and severity
grading for GI manifestations in the context of chronic GVHD [105]. The 2014 consensus
requires the presence of other diagnostic or distinctive manifestations to distinguish chronic
GVHD from acute GVHD diagnosis in patients with upper and lower GI symptoms (loss of
appetite, diarrhea) that are typical of acute GVHD. However, the 2014 NIH organ scoring

of chronic GVHD does not distinguish between the site of GI involvement (esophagus,
upper GI, and lower Gl), although the response criteria provide a more detailed framework
for reporting and grading these manifestations [105,106]. Applying the NIH criteria, the
respective incidence rates of esophageal, upper Gl, and lower Gl involvement are 16%,
20%, and 13%, according to a cross-sectional analysis from the Chronic GVHD Consortium
[107]. Most importantly, intestinal involvement is associated with greater risk of non-relapse
mortality and patients with histologically confirmed severe lower Gl involvement as part

of chronic GVHD are usually treated with regimens recommended for management of

acute GVHD [108-110]. Of note, esophageal web or strictures or stenosis of the upper to
mid third part are the only manifestations regarded as diagnostic signs of chronic GVHD
[105]. Major limitations in diagnosis and management of Gl symptoms such as nausea,
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loose stool and anorexia include multiple potential causes unrelated to GVHD [111] (i.e.,
maldigestion, toxic effects of medication, autonomic nervous system dysfunction, bacterial
overgrowth, endocrinological sequelae, etc.). Histopathology may not be able to completely
resolve diagnostic uncertainty due to limited sampling, patchy involvement and nonspecific
histological abnormalities in mild cases [112,113].

Risks factors for intestinal involvement in chronic GVHD remain to be elucidated. Ethnicity,
genetic diversity, environmental differences, diet, antibiotic use, supportive care, and
microbiota or microbe-derived metabolites may all influence GI GVHD [114-118]. Age

is a potential risk factor because children appear to be particularly susceptible to late
Gl-acute GVHD which affects up to 25% of pediatric transplant recipients [119] and can
persist to and beyond the diagnosis of chronic GVHD. A small study showed that increased
relative abundance of butyrogenic bacteria after the onset of acute GVHD was associated
with subsequent steroid-refractory acute GVHD or chronic GVHD [118] indicating the
need for further investigations of dyshiosis and antibiotic strategies and their association
with Gl-chronic GVHD and other manifestations of the disease [117]. Gl manifestations of
chronic GVHD may have complex causes but are rarely directly fatal, and the mechanisms
that increase the subsequent risk for nonrelapse mortality remain to be elucidated.

Pathophysiology

In many tissues chronic GVHD is characterized by atrophy and destruction with subsequent
fibrosis, but intestinal fibrosis is a rare Gl-manifestation of chronic GVHD [120,121].
Intestinal epithelium is the most rapidly self-renewing tissue in adults; intestinal epithelial
cells are continuously regenerated from intestinal stem cells, which are key to the
regeneration of damaged intestinal epithelium [122]. Tissues having squamous epithelium
(e.g., skin, mouth, esophagus, and vagina) and tissues having cuboidal epithelium (e.g.,
sweat, lacrimal, and salivary glands) appear to be more prone to dysregulated fibrosis

in chronic GVHD than those having columnar epithelium (e.g., stomach, intestine, and
trachea). Animal studies have demonstrated that both intestinal stem cells and their

Paneth cell niche are impacted in acute GVHD, with impaired regeneration of the injured
epithelium [123-129]. The rapid and potent repair ability of the intestine may protect against
early fibrotic processes that often accompany repair processes in other tissues. Profiling of
immune cell populations and plasma markers at day 100 after HCT demonstrated biological
differences between chronic GVHD and late-onset acute GVHD [130].

Highest priorities and roadmap for progress in gastrointestinal chronic GVHD

1 Enforcement of the NIH 2014 classification terminology distinguishing acute
from chronic GVHD within and across studies [112,131-136] since current
longitudinal observational and clinical trials revealed a significant number of
incorrectly classified patients [119]. According to the NIH 2014 terminology
any patient developing diagnostic or distinctive signs of chronic GVHD during
treatment of acute GVHD should be classified as having chronic GVHD with
documentation of all manifestations. The presence and severity of individual Gl
manifestations (esophagus, upper Gl, lower GI) should be also recorded and the
use of the 2014 response criteria form to document individual GI manifestations
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is necessary at the time of diagnosis and in response to therapeutic strategies.
Electronic tools such as the GVHD App may assist [137]. Adhering to these
terminology will allow more reliable future studies of GI GVHD.

2. Develop diagnostic tools (i.e., blood and/or histopathological biomarkers among
others) to differentiate GVHD from other causes of Gl-symptoms.

3. Generate experimental and clinical models able to address the role of dysbiosis
and intestinal inflammation in chronic GVHD involving organ manifestations
outside the Gl tract.

4. Collect blood, stool and or other body sites samples (e.g., saliva) and Gl biopsies
in either longitudinal observational cohorts or interventional clinical trials to
allow development of biomarkers [138-140], through metabolomic alterations
and microbiome compositions with sufficient sampling. These studies should
include follow-up of acute GVHD ftrials.

OCULAR INVOLVEMENT

Current clinical knowledge

Chronic ocular GVHD (0GVHD) is one of the most frequent, rapidly-progressive

organ manifestations with characteristic inflammatory, immune dysregulatory and fibrotic
pathophysiological mechanisms [31,141-143]. Ocular GVHD is usually diagnosed between
5-24 months after HCT [144-146], and it can severely impact quality of life and vision
[147,148] because of severe symptoms such as burning, dryness [105,149-151], and loss of
visual function [152]. Pre-existing dry-eye disease (DED) and Meibomian gland disease as
a consequence of chemotherapies or possibly irradiation increases the risk for later ocGVHD
[153,154]. Early after transplantation, some patients already have impaired tear quantity and
quality [155], yet eye involvement is recognized only after damage exceeds the eye’s ability
to compensate. Most importantly, o0GVHD is not another form of DED, and approaches and
therapies for DED may fail in oGVHD. Table 4 summarizes the differences between DED
and oGVHD.

Ocular GVHD mainly presents as ocular surface disease demonstrating features such as
blepharitis, Meibomian gland disease, qualitative and quantitative alteration of tear film, loss
of goblet cells, corneal and conjunctival epitheliopathy, corneal vascularization and fibrosis
of ocular tissues including conjunctiva and lacrimal glands [144,156-159]. In addition, a
few reports have described intraocular involvement including choroid and retina [160,161].
However, no specific signs that are currently diagnostic for oGVHD, although certain
combinations of findings, such as conjunctival subepithelial scarring and superior bulbar and
limbal keratoconjunctivitis are frequently present [143,162-164]. Without early diagnosis
and appropriate treatment, o0GVHD progresses towards loss of visual function by complete
loss of aqueous tear production and tear film stability, and scarring of the cornea. The
impaired epithelial barrier can lead to complications such as infection, corneal ulceration
and melting, and endophthalmitis. High-risk corneal transplants fail frequently presumably
due to immunological rejection and impaired tear production, eventually resulting in loss of
the eye [165-168].
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The 2013 International Chronic Ocular GVHD Consensus Group (ICOGVHD 2013)
Diagnostic Criteria filled an existing gap by adding recommendations for specific
examinations to be performed by eye care specialists [150,169] to previous NIH consensus
criteria [170]. The 2013 classification facilitates diagnosis of oGVHD by providing a
structured clinical approach for distinguishing definite o0GVHD from probable or “none”
categories. However, the 2013 classification is not designed to detect preclinical cGVHD
or to assess severity, and it does not translate into the NIH 0-3 eye score. Other grading
systems have been suggested and validated [171], but they have not yet been established
internationally.

Pathophysiology

Conditioning chemotherapy, radiation and infection often precede the onset of 0GVHD
and may induce homing signals for mobilization and migration of circulating bone marrow
derived hematopoietic cells and mesenchymal stromal/stem cells into the microenvironment
of the ocular surface and lacrimal gland. However, it is not understood how innate and
adaptive immune mechanisms are triggered and how these common mechanisms initiate
oGVHD only in selected patients. Studies show increased concentrations of ICAM-1,
IL-18, IL-6, IL-8 [172,173], neutrophil extracellular traps (NETS) [142], extracellular
DNA [174,175] and decreased concentrations of lactoferrin [176], DNAse [175], IL-7,

and epidermal growth factor (EGF) [173] in the tear film. In lacrimal glands affected

by 0GVHD, early fibrosis and myxedematous tissue may herald a rapidly progressive
fibrosis [143] with activated fibroblasts already infiltrating into the lacrimal gland. Stromal
fibroblasts in the lacrimal gland and conjunctiva interact with pathogenic T cells and
antigen-presenting cells including macrophages [143,177], resulting in the proliferation
and activation of fibroblasts through cytokines, such as IL-4, IL-6, and IL-17 [178,179].
Macrophages and fibroblasts activated through both the classical immunological and
sterile inflammatory pathways involving NETs [142] and extracellular DNA from the
damaged tissue [175], activation of the endoplasmic reticulum stress pathway [180] and
the tissue renin angiotensin system [181] synthesize an excessive amount of extracellular
matrix, resulting in rapid interstitial inflammation and fibrosis [179,182,183]. The limited
knowledge about key pathological mechanisms translates into the current lack of biomarkers
for early diagnosis of oGVHD and the absence of effective topical and systemic anti-
inflammatory, antifibrotic, and possibly preventive therapies.

Information from animal models and clinical analyses

Several animal models have been used to study biology, onset, time course, and therapies
for o GVHD [177,184-189]. These models showed that donor derived T cells infiltrate the
cornea and lacrimal glands and lead to an oGVHD phenotype [187,189] with subsequent
fibrosis. Perez et al introduced a scoring system for murine models of oGVHD [184].
Several preclinical studies tested potential therapeutics such as siRNA [190], bromodomain
inhibitors [191], rebamipide [192], vascular adhesion protein-1 [193], and a spleen tyrosine
kinase inhibitor [194]. Because clinical signs in oGVHD are also present in isolated

forms in other ocular disease (e.g., conjunctival fibrosis in ocular cicatricial pemphigoid

or chronic allergic keratoconjunctivitis), it may be necessary to use such models [195,196]
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as comparators in experimental studies to distinguish organ-specific chronic GVHD
pathologies from secondary, damage-related disease.

Gaps, highest priorities, and roadmap for progress in oGVHD

Currently, no treatments have been specifically approved for treatment of oGVHD, in

part because the clinical evolution of oGVHD is largely undefined and the innate and
adaptive immune mechanisms that trigger and sustain oGVHD are incompletely understood.
Furthermore, o0GVHD clinical trials are challenging because of the lack of well-defined

and specific primary efficacy outcome measures, and small sample sizes. Clinical metrics,
such as the Schirmers test or intravital staining of the ocular surface, that are established

for diagnosing generic DED, should be amended with specific 0GVHD metrics and

defined for better application as clinical endpoints. Gaps in clinical management include
uncertainty regarding whether to perform baseline examinations before HCT and then refer
patients for scheduled reevaluations or for evaluations only as needed after HCT. Another
uncertainty is whether to start o0GVHD treatment with aggressive anti-inflammatory and
immunosuppressive topical therapy followed by tapering based on improvement (step-down
treatment) or to start with lubrication therapy followed by escalation based on progression or
lack of improvement (step-up treatment).

HIGHEST PRIORITIES AND ROADMAP FOR PROGRESS IN CHRONIC
OCULAR GVHD

1 Establish early diagnostic criteria (clinical signs and biomarkers) distinguishing
0oGVHD from other forms of DED so that appropriate interventions can
be promptly instituted. This revision requires a better understanding of the
immunopathology derived from appropriate animal models for oGVHD that
mimic the human situation as closely as possible. These animal models should
also be used to identify therapeutic targets and to enable preclinical testing of
promising drug candidates and identification of functional connections between
organ systems that are sequentially or simultaneously affected by chronic
GVHD.

2. Identify biomarkers associated with active o0GVHD at the earliest possible time
points. As the eye is easily accessible, tear film or impression cytology can be
tested. Besides cytokines and genetic markers, optical biomarkers may be useful,
including optical coherence tomography or confocal microscopy that can be used
noninvasively.

3. Develop and validate efficacy outcome measures that are specific for cGVHD
clinical trials. Preferential primary outcome measures are corneal fluorescein
staining and ocular discomfort measured by visual analog scale or ocular
surface disease index until more appropriate measures that assess specific
interventions (e.g., punctal plugs, contact lenses, serum eye drops, amniotic
membrane transplantation) are identified. Such measures should distinguish
ophthalmologist-driven tools from assessments that can be done in the

Transplant Cell Ther. Author manuscript; available in PMC 2022 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wolff et al.

Page 16

hematologist’s office. Clinical trial designs that circumvent the challenges
imposed by limitations of small sample size are also needed (Figure 2).

4, Conduct eye-targeted studies, for example, (a) punctal occlusion or not; (b)
referral as-needed for eye care versus prescheduled frequent follow ups; (c) step
down (start treating aggressively then taper) versus step up (escalate treatment
based on response).

5. Evaluate systemic treatment options for efficacy in oGVHD. Currently oGVHD
is treated with topical interventions independently of other organ manifestations
despite obvious similarities in the pathophysiology. A systematic analysis of
ocular effects of systemic immunosuppression is needed.

OTHER MORBID CONDITIONS

Other conditions that are either part of NIH-defined chronic GVHD or occur in association
with chronic GVHD require further research efforts. These include genital involvement,
which occurs more frequently than reported in large registries due to the lack of routine
screening [197], oral manifestations that impair quality of life and may increase the risk for
secondary malignancies [198], isolated fasciitis [199], and wasting syndrome not explained
by GI manifestations. Although these are NIH consensus-defined conditions, limited
understanding of organ-specific pathophysiology prevents the development of targeted
treatment approaches. Moreover, associated syndromes seen with chronic GVHD [200,201],
such as polyserositis, which occurs infrequently but is difficult to treat [202], immune
mediated cytopenias and renal complications (e.g., glomerulonephritis, nephrotic syndrome)
require more study. All have in common the lack of knowledge of their incidence, their
specific pathophysiology and relationship in the context of chronic GVHD.

In addition, other potential organs may also be targeted by chronic GVHD, but the exact
relationship has not been established. For example, central nervous system dysfunction is
reported by a significant percentage of long-term survivors mainly as cognitive dysfunction
[203]. It remains to be established whether cognitive dysfunction is caused by cumulative
neurotoxicity and acute GVHD, as demonstrated in experimental models and clinical
investigations [204—206], or whether chronic GVHD further contributes. Rare cases of
chronic GVHD with acute disseminated encephalomyelitis have been reported [161,207].
Similarly, peripheral nervous system dysfunction is seen in a high proportion of chronic
GVHD patients [8,9,208], but a relationship to alloimmunity has not been established.
Autonomic nervous system dysfunction with dry mouth or eyes, dry skin, obstipation,
diarrhea, and sweating disturbances are of interest due to overlap with symptoms of chronic
GVHD. For example, impaired sensitivity of the ocular surface has been reported after HCT
[209]. Endothelial dysfunction could be part of the pathophysiology of chronic GVHD in

a variety of organs based on experimental [210-212] and clinical evidence [213,214] and
may contribute to long term cardiovascular morbidity and mortality [215,216] Therefore
additional study is warranted.
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OTHER KNOWLEDGE GAPS

An additional gap is the limited knowledge of the age-dependent disease features and
associated morbidity and mortality of chronic GVHD in children and individuals older

than 70 years, 2 populations that are especially vulnerable to comorbidity induced by
chronic GVHD. Although chronic GVHD in children may be difficult to diagnose, chronic
GVHD manifestations involving the lungs and eyes [119] and other sequelae may have
significant life-long consequences [217-219]. In older patients, chronic GVHD has been
associated with decreased physical functioning [220], but the detailed contributions of
chronic GVHD to mortality and potential insights for prevention and treatment of chronic
GVHD in older patients are unknown. Moreover, while preliminary data indicate that racial
and ethnic background are associated with long term outcomes including GVHD, large
studies are lacking [114,116,221]. Finally, clinical care of morbid forms of chronic GVHD
requires long-term care engagement of a multidisciplinary team [222,223]. Development and
evaluation of survivorship care structures to provide access to multidisciplinary subspecialty
care taking into account the socioeconomic and travel situations of individual patients
remain an urgent research need [224].

STUDY DESIGN CONSIDERATIONS

Because of the rare incidence and limited prevalence of the highly morbid conditions,
feasibility is a concern in clinical trials, and novel approaches to clinical investigation are
needed [225-228]. Careful selection of endpoints that can reliably demonstrate objective
clinically significant benefit with a realistic number of patients is critical. Studies should
be designed with attention to sample size, statistical power, and control of bias. A detailed
discussion of innovative trial designs is beyond the scope of this paper, but we offer the
following recommendations.

1

Careful consideration of eligibility criteria utilizing enrichment strategies based
on diagnostic criteria, phenotype, or biomarkers [229] may identify a smaller
but more informative study population where a drug effect can be observed
[230]. Patients not meeting the eligibility criteria may be treated in observational
cohorts.

Some established chronic GVHD manifestations may be permanent, and a
worthy goal could be “stable disease or improved trajectory” (reflecting
prevention of new damage) or functional or symptom improvement instead of
partial or complete response. These endpoints require acceptance that lack of
worsening or improved patient functioning or patient-reported outcomes are
meaningful clinical benefits in a given patient even if chronic GVHD organ
function does not measurably improve. Lack of worsening can be documented
in comparison to concurrent or historical controls [231] or the patient’s prior
trajectory if well documented in real time.

Although a nonrandomized single arm study, without concurrent controls, may
seem attractive, this design is necessarily less precise, and outcomes are less
definitive. Alternatives to consider include use of historical controls or using
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each patient as their own control. Single case experimental design or N-of-1
trials may be the most feasible option for the very rare highly morbid forms of
chronic GVHD. In such trials, each individual participant serves as their own
control, and may receive multiple interventions in a crossover fashion. Multiple
N-of-1 studies may then be combined in a meta-analysis. Of note, efforts should
be made to document the course and response using objective response measures
focused on clinically meaningful changes.

4, Efficiency of study design should be optimized. The more complex designs
are adaptive [232-234], with the design being modified during the conduct of
the study according to pre-specified rules to increase efficiency. For example,
a Bayesian approach [235] is a statistical inference framework for leveraging
existing data from different sources, synthesizing evidence of different types,
including retrospective data and information gained during the conduct of the
study. In particular, the data deficits of “small” clinical trials can be mitigated
by incorporating past information. The combination of observed data and prior
opinion is governed by Bayes’ theorem and can result in smaller sample sizes
needed to reach conclusions. The major criticisms of the Bayesian approach are
the uncertainty regarding the prior probability and the subjective interpretation
of results since formal significance testing is not required, although this problem
could be addressed by using independent or blinded assessors.

5. Optimize data analysis strategies, for example, by using more efficient
continuous outcomes when the sample size is small. Consider longer duration
of studies and use covariate adjustment, such as statistical stratification. Consider
whether the distribution is likely to be parametric (modeled by a probability
distribution that has a fixed set of parameters) or non-parametric when designing
the analysis plan.

6. When multiple agents are available, consider efficient study designs to rank the
agents and eliminate less-effective ones through futility or selection designs.

7. Selection of the primary endpoint depends on the mechanism of action and
targeted manifestations (e.g., if an antifibrotic agent is tested to target sclerotic
lesions, response of inflammatory manifestations may be captured only as a
secondary endpoint). However, all systemic and topical agents given and all
changes in organs should be recorded. Evaluation of agents given systemically,
even if targeted to a single specific organ manifestation, requires documentation
of all other organ manifestations since broader effects cannot be excluded.

The same documentation of systemic immunosuppression is needed in studies
that evaluate topical agents. Protocols should specify how non-study systemic
and topical agents are handled and how responses in nontargeted organs are
interpreted. In addition, efficacy measures developed for studies of comparable
diseases other than chronic GVHD may also be evaluated in chronic GVHD
[236]. Last but not least, predictive biomarkers indicating response to specific
treatments should be developed and validated.
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8. Efforts should be made to enhance access of children, older patients and racial
and ethnic minorities to clinical trials since these characteristics are relevant
covariables. Inclusion of pediatric cohorts into adult trials should be considered
if feasible.

9. Rare manifestations (e.g., glomerulonephritis, restrictive lung disease)
mimicking well-characterized immune-mediated diseases outside the
transplantation setting may be potentially included in basket trials that include
nontransplant patients, acknowledging potential variations in pathophysiology.

CONCLUSIONS

The need to identify approaches for effective treatment and prevention of highly morbid
manifestations has emerged as one of the most important future goals in the field. During
the next 3 years, identification of new diagnostic tools including biomarkers of all types and
clinical risk factors will be crucial to prevent highly morbid complications. In the next 3

to 7 years, we expect that a better understanding of local tissue pathophysiology will lead

to identification of therapeutic targets. Eventually, organ-specific therapeutic clinical studies
will be necessary. Careful study design recognizing the small size of the eligible population
and designating appropriate endpoints will increase the likelihood of informative results.
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Natural History and Phenotypes

[ Early Detection and Predictive Biomarkers Mechanisms of Disease and Treatment 1
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DISEASE PHASE PrecGVHD | _ | New OnsetcGVHD | ——>
@ Study Entry D80

- — ¥
/ Impairment / FEV, Decline
SOC treatment
INTERVENTION f z -
| SCCTREL I I Intensified spirometry {Workup for |nfechon}

Infection surveillance SOC Treatment

ENDPOINTS New OnsetcGVHD  FEV; Impairment, BOS and FEV, stability FEV, stability, QOL, Infections
specific lung diagnoses Immunosuppression

Baseline transplantdata, HRCT, PFTs, Infection workup, HRCT, PFT, BAL, 6MWT, HRCT, PFT, infections, BMWT,

CLINICALDATA  3GVHD, HRCT, PFTs cGVHD grade, meds cGVHD grade, meds cGVHD grade, meds
Q3 mo blood, microbiome

SAMPLES 2 &

any leftover lung/BAL +
samples
Figurel.

Potential Longitudinal Trial Design Proposal for Highly Morbid Manifestations of chronic
GVHD using BOS as example. The proposed study approach aims to simultaneously
address identified fundamental knowledge gaps in several domains, including (1) description
of clinical evolution and clinical phenotypes, (2) early detection and predictive biomarker
discovery, (3) mechanisms of disease through translational work, and (4) evaluation of novel
treatments. High-risk patients are enrolled at a pre-diagnosis phase based on biomarker

and clinical risk factors and followed over time through phases of chronic GVHD. Patients
may also enter the longitudinal cohort at the time of chronic GVHD diagnosis, and if they
develop a highly morbid manifestation, they are followed in that specific cohort category
and may be enrolled on clinical trials. Longitudinal clinical data and serial tissue samples
and specimens will be collected. In this Figure, lung disease is used as an example for

the enrollment entry, interventions, endpoints, and data and samples to be collected. This
schema can be easily expanded to reflect skin, Gl, and other manifestations with relevant
data collection and treatment agents. SOC indicates standard of care; f/u, follow-up; HRCT,
high-resolution chest tomography; BAL, bronchoalveolar lavage; 6MWT, 6-minute walk
test.
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Natural History and Phenotypes

Early clinical signs, predictive Biomarkers, preventive Therapy Mechanisms of Disease and Treatment

— oGVHD with
Pre HSCT — [pmbab('sffﬁ;h“'te ] — |__ Cicatrization [Inﬂammatorvﬂares]
(o]

; I | : |
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Conjunctival Redness score discomfort) or tear fluid fibrosis grade, superior limbic score, Ocular discomfort VAS,
biomarkers keratoconjunctivitsgrade tear fluid biomarkers
Tear film, impression 5

cytology, Imaging, serum

Figure2.
Potential longitudinal trial design proposal for oGVHD. OSDI indicates ocular surface

disease index; VAS, visual analog scale.

Transplant Cell Ther. Author manuscript; available in PMC 2022 October 01.



Page 38

Wolff et al.

“‘BuiBewi aouruosal onduUbeW ‘|HIA ‘S81Ias ased ‘SO ‘1iodal ased saedIpul YO

[tv2] so Buruomsod
[2¥21 SO juaned ‘auo} ajasnw BuiApiapun uo puadap synsay ‘Awoleue Jejnosnwi as|ndwi [eaiueydaw e Jaye (santadolad Jayio pue
[ovz] SO 10 abpajmouy| pue sjoa030.d Juswainsesw 03 aduaJaype salinbay SSBUYHIIS UIXS) UOITR|[19S0 anssI) Ul saburyd $10819p ‘81A8p play-pueH UOJ0AN
A11913SB]3 JO UINJBJ Ul 3JNSal Jou Aew UOISSIWaI
‘e19Se}/1R) SNoBUEINAGNS Ul safueya ainided Jou saop ‘uoireso] Apoq S1S019]0S 91WAISAS pue eaydow JO JUBLLSSAsSe (a1quIN ‘Xalyewiaq
[2e2]1 SO ‘abe ‘aoureq Jarem ‘abiewep uns Buipnjoul ‘sajqerien Auew Aq pa1oayy 1e21U9 Ul pasn uaaq aney ‘A1Id1ISe|a pue SSaUKS ainseaw sadineg ‘1918WoInD) agoud uonans
aHAD
uolsnyiad aguanpul []IM UIS YIMm 21U0.YD 013043]9S JO SIS Jedoe pasiwoidwod Joy jernualod Burioyuow
[svz] 40 1981U09 JaY10 Jo aInssaid ‘JuswaAow ‘ainjeladwa) Jusiquie Aq pa1oayy ‘sabueyd o1weuAp ssasse ued ‘uoisniiad urys Jo dew mofs Qg Anawmory sajddop Jase]
MOJ} Aydeiboiseja/Aydesbowioy
lrvel 40 uoenauad Jo pdap paywi poojq [e20] ssasse 01 Ayjiqeded Buipnjour ‘Buibewr uonnjosal-ybiH 80UaJayo9 [eando
[evz] SO eale 10618)
[zvz] SO SIS01qy Ul syuawianoldul 10 Bunyrew asinbal Jou se0p ‘uoneWIWELUI [e10SE) 8A1OR Bulloalep AydeiBowoy
[as] so |[ews 0} aAIsuodsal JI Jeajaun ‘sjusized J0j JUBIUBAUOIUL ‘150D 10} NJasN JUBWIBAJOAUI [BIIUI]I-NS ‘Paless-dasp Jo uondeea uoISsIWa uonsod/I4IN ‘THIN
anbluyoa) 1uasIsuod salinbas Aljiqionpoidal ‘aseasip paleas nopeal [eduswinu
[tv2]l SO -daap 10} 8ANISUBS SSB] ‘saunjanuis Auog BulAjispun woly 19818 [IAUY,, | Ssapiaold ‘asn 03 Ases ‘931Aap play-puey ‘|lews ‘ajgqepJoe ‘asn apispeg Javwolng
[ovzl SO Aydeibolsels anem
[6€2] SO adeyIns punosesn ‘Buibew
[8ez]l SO Aonse|a anem Jeays ‘asjndwi
[¥s] s Buibew punojuod Aew UOITRWIWE|IUI SAIIOR WOL) BULISPS JUSLUSSASSE sabeuw snoiasid 0} 8010} UOITeRIPRI 911SN0JR
[2e21 SO 1eadal Jo) eale 1ab.e) Jo Buistew salinbai ‘Buluresy saiinbai ‘1s0) Aipgeredwod pides smojje ‘sayis ajdijnw ssasse 01 Asea ‘asn apispag ‘punosesyjn Aouanbaiy-ybiH
AHADIS ulasn sofejuenpesig sobejuenpy Avirepo N

Author Manuscript

Author Manuscript

AHAD 21U0JYD Ul SISOISJIS UINS SSasSy 0] S|00 1UBLWSSassy aA108[qO [enusiod

T alqeL

Author Manuscript

Author Manuscript

PMC 2022 October 01.

in

available

Transplant Cell Ther. Author manuscript



Page 39

Wolff et al.

*100d82a1 ploulqeuled semeaIpul ¥Zgod

(T09SE7E0LON) SHUYLY plojewnayy-g aseyd
[s9z] (66891720 DN) snsorewayiAig sndn o1WaISAS—E aseyd sabeydouoel s]99 1 gqewnjoliuy T 2dA} J01dadal uosapIa|
(66.6T6E0LON) SISOIBJ0S dIWBISAS—Z aseyd
[¥92] (S66T820LON ‘T870¥9€0LON) AHAD d1U0IYD—Z 8seyd sabeydouoe|y s|180 L (Gz0a) 1pnsownjeg 100
[oz] (269709€0.L.ON) AHAD d1U0IYD-Z 8seyd safeydosoeN | (25€9-XANS) qeljiexy d1-450
(8225L£70LON)
SJUBAS 9SIaAPE paje]al sunwiwi Juspuadap p1o1s1S—g aseyd
[e9z-T9z] (952£5720LON) S1S04810S O1WISAS—¢ aseyd | ssbeydotoeiy s1180 L sise|qoiqi4 gewnzif1ooL -l
(8e7TE8E0LIN) safieydooepy s|j89 L
[o9z] $1S018]9S J1WBaISAS—T 8seyd (ZTTS680LON) S1S01qYOIAN-T 8seyd sjse|qo.qid 002AINY g491
sabeydoioel s]199 |
[652 ‘85zl (S20T0E0LON) SIS0J9[0S NLRISAS—Z Bseyd S1199 [el]ayiopu3 sise|qoiqi TT80EETISO (3s1uoBejue) |\ uneISOOUQ
sabeydoioey S|199 1 (1stuobejue jenp)
[262 ‘952 ‘6] T aseyd sisejqo.qid 198T-14N aseyIuAs apIxo LU B|qIanpul/ytgd
sabeydoioey
S|189 |e1jayiopug (1s1uoby renq) 101dadal
[sae] (255991701 ON) SIS0J9[0S NLRISAS—Z 3seyd sise|qoiqid4 TOT-dH3 | Ppa1eAnoe-I01RIafI0Id BLIOSIX0IBd/HedD
sabeydouoel s|189 | (proe
[es] (2£886€€0.LON) S15043]0S dlwdisAS—¢ aseyd sise|qoiqi4 owsnfy) wnseqeus (3s1uobe) ¥ego
(0S8T86TOLON) SIs01quOI9AN—Z 8seyd sabeydouoey
[ysz ‘ese] (£2805520LON) sisouqi4 Areuow|nd d1yredolp|—g 8seyd sise|qoiqid TST-NYd (3s1uofe) z uixenuad
[esz ‘152 ‘19] (T0£8ESE0LON) Sisouqid Areuow|nd d1yredolp|—g sseyd sise|qoiqid T020s-201-AN (L7dSH) utlold xo0ysyeaH
[ogz] | (Z9TTTZE0LON ‘P¥rEELE0LON) SIsoiqid Areuow|nd d1yredolp|—¢ seyd sise|qoiqid | (069T-9d19) yeisaxeiiz uIxejony
¢ 1013k} XloM]au uolredlunwwod
[6ve ‘8zl (592068T0LON) stsoiqid Areuow|nd d1yredolp|—¢ sseyd sise|qoiqi4 (6T0E-94) gewinjasiwed | 1ejn||30/10308) YIMoIB 8Nssi 8A10BUL0D
SIS BJOY sniels uswdopnreq [ealul|o siesqns fein|po wbrel s)Bniq wBbre)

Author Manuscript

Author Manuscript

AHAD 21U0JYD 2110J3[9S Ul S1uaby annadelay ] arepipue)

¢ 9lqeL

Author Manuscript

Author Manuscript

Transplant Cell Ther. Author manuscript; available in PMC 2022 October 01.


https://clinicaltrials.gov/ct2/show/NCT01890265
https://clinicaltrials.gov/ct2/show/NCT03733444
https://clinicaltrials.gov/ct2/show/NCT03711162
https://clinicaltrials.gov/ct2/show/NCT03538301
https://clinicaltrials.gov/ct2/show/NCT02550873
https://clinicaltrials.gov/ct2/show/NCT01981850
https://clinicaltrials.gov/ct2/show/NCT03398837
https://clinicaltrials.gov/ct2/show/NCT04166552
https://clinicaltrials.gov/ct2/show/NCT03041025
https://clinicaltrials.gov/ct2/show/NCT03895112
https://clinicaltrials.gov/ct2/show/NCT03831438
https://clinicaltrials.gov/ct2/show/NCT02453256
https://clinicaltrials.gov/ct2/show/NCT04375228
https://clinicaltrials.gov/ct2/show/NCT03604692
https://clinicaltrials.gov/ct2/show/NCT03640481
https://clinicaltrials.gov/ct2/show/NCT02841995
https://clinicaltrials.gov/ct2/show/NCT03919799
https://clinicaltrials.gov/ct2/show/NCT02446899
https://clinicaltrials.gov/ct2/show/NCT03435601

Page 40

"LDH Ja)ye , 8WO0IPUAS aUNWIWIO|[e dAIIILIISA,, JO ‘UORIPUOD ,8)1|-SVY,, U Se PaapISuod ag pjnod QHAD d1uoiyd

JO 1X8JU03 8} UI JNJJ0 Jey} SanUS @1 ¥eu} 8]qissod SI 3| "PauILIBIdp 8q O} Ulewal SUOIHIULAP PUe suolle1dosse d1fojoiwapids sy} ‘Janamoy ‘1sIxs osfe Aew GHAD 21U0IY JO 1X8IU0I 8y} Ul Ajunwiwio|fe
10 UOIeISA)IURW B SE JuaLwiredw aA1191IISaI JO BWOIPUAS Jejiwis v *ABojoisiy snoauaboualay Jussaidal reyy sayesyjyul Areuownd jusisisiad pue ABojoisAyd annoLisas Aq pauiyap si uoreiue|dsuel; Bun| Jayye
Sy ‘uonelue|dsuesy Bunj Jaye uononisap Yelbojfe Bun| 21UCIYI JO WIOY BAIINIISCO 3y} SI SOF "UodUNISAp Jelfo|fe d1uoiyd Jo uonelsayiuew e se [gg] uolreiuejdsuely Bun| 1oy paulyap usag sey Sy

Wolff et al.

uoIsN|oxa 4o sisoubelq

‘g1osnwi Jesaydisad e ui
SIISOAW JO 90UspIAT W/N

uoIsInoxa dnrewbelyderp paonpal
Moys Aew 131 yius aiydesbolonyy e
‘pajoadsns si sisAjesed 1o ssauxeam
onrewbeiyderp §1 ewAyouaied
JewJou ‘sawnjoA Bunj moT

"paanpal aq Aew sainssaid
Aiorendxa pue Aloyesidsul [ewixen

*O/A\d auldns paonpay Ay o Burreds

AAIR[3I UIM DL paonpal ‘TAI
pue DA4 Ul LUO1INPaI JUBWOIUOD

"dHAD d1uoayd

JeaJ} 0} 8N p1oJalS
pabuojoid 10 snIsoAw
paieal-aHAD d1uoiyd
wouy 3nsal Aew
SSaUMea "ON

SSaUXEaM
a1osnw Asojelidsey

'VIN

'sawin|oA Alojedidsul Moj
smoys Buiddew asuodsal dLaweIed
'sajely| iUl [ewAyouated oN

aseasip
sAemure [[ews ayealpul Aj1iessadsu
10U $30p AJjeNnsn Inq pajens|a

aq Aew OTL/AY 0711 paonpay

Juswuredwi Aloyejiuaa
10 8N 108.1pul Ue

I QHAD d1uoIyd

01 aNp SIS0J3|9S "ON

S1S048J0S [eaunI ]

J ari 01 paingune

J0U JuBWITEdWI BAIILISEY

sButpuyy. 1215840 [ealdAy

UOITRWILLBUL [RWIUIW Y)M
uonesayijold onse|s0.qLy

SISe}981yau0Iq
UOI39€1] 9GO JAMO] PUE ‘BWNJOA
Buny o ssoj ‘Buiuaxoiy} [eanajd pue

3w Jano Juawredwi a1anss
pue anIssaBo.d “uialed aAIdLISal
pue 8AIONIISO AJ[eUoISeI00

[692'997]
sisoise[ao.qy Areuow|nd

Aq apew Ajjensn si sisoufeig leanajd pue eunajdgns Jeanajdgns ynm sisouquy aqoj Jaddn ‘0271@ pue DL paonpay ON lewAyouatedoins)d
uonewweul eaJe [eanajdgns ayy Burreds
uonoauI [ensIaI ‘SISOIqLY A1ea1sse[o ‘sso| SaWN|oA 8go| Jamoy|
N0 8N4 0} pawiopad wioyun Ag Buiuaxoaiyy pue siseldsiyouolq ‘sanioedo sse|b [992] eruownaud
aqg pjnoys Adoasoyauoig |[em Jejoanfe asnyld | punolb agoj Jamoj [eJale]ig JUaN|uoD 0271 pue D71 paanpay ON [ennsIaul o14199dsuoN
ssauanIsuodsal
-p104331s uo paseq Ajjearidwsa
s1 pue ABojoisiy Bun| '001d
INOYIIM BpeW Udlo [892] A1ayduiad pue saqoj Jaddn paonpay “uass aq Aew ulsped ‘AHAD

sisoufelp [ea1ulD "uonIBUI
N0 3|nJ 0} pawloyad
aq pinoys Adoasoyouolg

anssi uone|nueld
Je|oaAle pue Jejoiyouolg

ur Jueulwopaid uayo ‘sanioedo sse|h
punoJb Jena1aJ pue ‘UoIep1|oSU0d J0
sajen|ipul [elyouoiquiad pue Aydred

PaXIW J0 BAIONASIQ “UOWWOD

1S0W N1 < DAS/FATS yum O1L
paonpal Yym Juswredwi aAnoLISaY

21U0JYI pUe 31NJe YIM
uoneldosse syoddns
30UBPING INQ ‘ON

[292]
eluownaud Buiziuebio

,.sennue @1 Aq pasned Juauiredwi sARDLISOY

'sisouboud pue ‘Adelayy 0y
asuodsas ‘ABojoisty ‘auljosp
TA34 ‘18su0 Jo odwa}
[eniul ‘L OH Jeye 13sU0 Jo
Burw uo paseq paulyap

usas
3 os[e Aew sp1joIyouolqg
anAooydwA| ‘sajoryoauoiq
|[ews Jeulw.a) Jo

uoISN|990 aAIeJatjoidolqLy
819|dwod Jo Jenued

(siseroa1youoiq)

aejenbas aye| 10 (BuluaxoIy}
1[em [e1ysuolq ‘sajnpouoiolw
1e|NQO|111Uad) SI|0IYdU0Iq] IO
(eseyd Alojedidxa uo uolenuane

"paanpal 10 [ewlou aq Aew

0271Q "udss aq Aew D71 pantasald
UNM N1 < OAS/PA3S Andeded
Bun- [e101/5WNJOA [BNPISAI 10
SWN|OA [enpisal parens| ‘N1

> OA4/*A3d '%0T< du1jo8p

aWOoIpUAS

uaaq aney sOg jo sadAigns ‘snijolyouo.qg sAneIsNqO oresow) Buiddeuy Jre jo subis TA3H :uiened aA1dNIISAO Paxi4 N sueJal|qo SIIjoIyouolg
dHAD
Bun| Jo uonuiep

wewwod ABojoxsiH BunT | sbulpuid 12D 189YD uoiinjosay YbiH useired 14d ul paustiges3 Anuz

Author Manuscript

€ 9lqeL

Author Manuscript

1DH 218uaboj|y J81Y SSWOIpUAS Areuow|nd

Author Manuscript

Author Manuscript

PMC 2022 October 01.

in

available

Transplant Cell Ther. Author manuscript



Page 41

Wolff et al.

*@HAD 21U04YD JO $30UBNDBSUOD J19BIOYIEAIXS 0} AIRPUOJSS 8. S3IIIUB 8say ¢

*SOIMIUS JBUI0 puB 1 40} 1eNn|eAs 0) pawloyad ag pinoys 12 1s8yd uonnjosal ydiy ‘(97.L peonpas pue DAL/ TAIA
pantasald Yim DAL paonpal 1) 14d Uo uass sijuswiiredwi aAnoLIsal 3] "[992'8] a1y paisi| SI 1eym puokaq ‘1 OH Jaye 1nd20 AeW @1 4O UOIEIYISSRIO SHT/SLY 3y Jad se ‘sannua adininl
¥

"3WOIPUAS 1yeIB0|[e 9ANOLISAI ‘'S\Y ‘aseasip Bun| [ennsiaul seyedipul gl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Transplant Cell Ther. Author manuscript; available in PMC 2022 October 01.



Page 42

Wolff et al.

jutodpus Arepuodas o Alewlid

WaISAS auNWWI 8¥euul JO UOITeAINJE 0}
pajejal Ajqewnsald ‘Buipuly uowwo)

3WOIPUAS
uaibgls Apsow ‘sased alanss ul Ajuo ‘Buipuly arey

snielay Areluaweliq

palepl|eA aq 01 pasu swialsAs Buipesd
pue uodalap ‘uiodpua Arepuodas 1o Alewlid

Buipuiy yuanbai4

probiydwad [e1o143e319 Jejn20 J0 SIANJUN[UOI0TRIBY
o1dole ‘eadesol a1aAas Yim pajelrdosse ‘Buipuly aley

s1s01q1d

palepifeA 8g pInoys SwaisAs
Buipesb pue uonoaaiep quiodpus Arepuodss

319nas AjISON

1anes 0} plIN

ssaupal [eAlounfuo)

juiodpus se Bulurels
Buisn ssa29ns JuaWILa} SSASSe 0} Papasu
swig)sAs Buipesd jualayip Aianss Jaybiy 01 ang

919N9s AISON

a1anas 0] plIA

Bulurels jeyAesUl
[eAndunfuod pue jesuiod

wisiueyaW
J1eajoun Apusiing se ‘Jutodpus ajgennsun

AHADO Ul %00T 0} dN

a3q ut %08 01 dn

uonounysAp
puej6 uelWOgIB

jurodpus Arepuodss

319Nas AISON

aesapow/pliw Ao

sieydalg

jutodpus Arepuodss

(uoissaiboud pides ‘18suo 1se}) paonpay

(19suo mojs Apsowr)
dejiano ul pue 3@ usIdep snoanbe ul paonpay

uononpoud Jes)

(sButpuy
[ea1dAy
10 U01193]3s)
sBuipuy
[ealun g
uonouny
aseasip bulpui|q [ensiA
juiodpus Arewiid Ua)J0 ‘pajealun i ‘a1anas AISoN ares A1an aseasip Buipuilq ‘1oedwi a1anss 01 plIN uo joedw|
a|qIseay} S[eL} SYIUOW 0} SY38M UIYNM Sassalbod S9PLIAP 0] SIBAA JANO ‘S3SeD
[eaiun)d onnadelay) "SA Sl [221U1]9 BAIIUBASI] ‘| OH Jaye uoneisajiuew pidey 1o Auofew e ui ssa1boid mojs ‘umousjun Aj3sow 18sUQ 8sIn0d AWl |
uonedess urinp paispisuod
ag pnoys ‘s|[a2 Jouop Jo uibiio ‘aseasip sainpaosoud Buiuonipuod 019
|eaif6ojoouo BulAjiapun pue sjuawieall-aid Jo/pue Adesayrowayd :pawinsaid ‘Buibe ‘ream sus| 10LIU0I ‘sBNIP J1WLISAS :SnoJBWINN $asned Iyl
eAnounfuod
|esJel pue xiuio} Jo Adoasouoiw dwej s Aq safeydosoew
passasse a|q1seay Juiodpua [ea1uld Se SIsoiql4 pue $1Se|qOoJqI4 JO UOIRAIR Alle] (mo)aq 8as) aseasip aks-Aip 1o} [ea1dA) 10N sIsouqi4
uorneiodens o3 Buipes| A9 Aq pasned uoneiodens o} Buipes| (@) uonounysAp
jutodpus Arepuodas se O | ‘AHAD0 pue Adelayiowayd Aq pasned (sbnup ‘eaoeso. ‘Buibe) 10108} snosswinu Ag pasned pue|b uelwoqgis |\
s|199
a|qissod wias [ewAyauasawy onatodorewsay |  usbnue umouun ‘siabB11 d1suLiUl JO JISULIIXS YBNoIy) swisiueyoaw
95easIp JO 18su0 810aq siuedidied Jo uoisnjou| 1ouop J0 UoIIeAIde pue uonelbiN UOIBAIIOR |[99-1 +8AD/+¥AD ‘LTUL sunwiwioiny Jeaifojounwiwi umouy
asneD

AHAD0
Ul UOITeBPISUOD JUIAPUS [e11} [EOIUI[D

(@HAD0) AHAD fejnoo

(a3Q) esessip afe-A1g

Author Manuscript

Author Manuscript

aseasig 943 Aug pue QHAD 18|20 J1UoIYD Usamlag Sadualayid
7 9|qelL

Author Manuscript

Author Manuscript

PMC 2022 October 01.

in

available

Transplant Cell Ther. Author manuscript



Page 43

Wolff et al.

AJessadau S| QHADO 10} saireuuonsanb
woldwAs ajqenns jo wawdojanag

subis [eaiurjo buons
‘SWOoIdWAS Xeam :uoie[a1lod Mo

subis [ealur]d yeam ‘swoidwAs Buouls :uoire|aliod Mo

swoldwAs pue
subis usamiaq uolre[alio)

ajqissod
s1 sisAfeue dnoubgns ui Jutodpua Arepuodas

panodal JUBWBA|OAUI Jejnaoe.iu|

d3q 01 parejal JoN

JUSWIBA|OAUI Jejndoenu|

juiodpua [ea1ul]o Alepuodas

Buipuy usnbai4

a3a
0} pajejal A|[eatdA Jou Aanus 1ounsip ‘Buipuly arey

sIAOUN[UOJ0IRIBY
Jequwij pue Jeqing Joradns

AHADO0
Ul UoITe BPISUOD JUI0dPUS [e11) [EIIUID

(@HAD0) AHAD fenO

(a3Q) esessip afe-Aia

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Transplant Cell Ther. Author manuscript; available in PMC 2022 October 01.



	Abstract
	PURPOSE OF THIS DOCUMENT
	SUMMARY OF RECOMMENDATIONS
	METHODS
	SCLEROSIS OF SKIN AND FASCIA
	Current clinical knowledge
	Pathophysiology
	Gaps in knowledge and unmet needs; highest priorities
	Highest Priorities and Roadmap for progress for ScGVHD

	PULMONARY INVOLVEMENT
	Current clinical knowledge
	Pathophysiology
	Physiological subtypes
	Treatment
	Highest priorities and roadmap for progress in pulmonary chronic GVHD

	GASTROINTESTINAL INVOLVEMENT
	Current clinical knowledge
	Pathophysiology
	Highest priorities and roadmap for progress in gastrointestinal chronic GVHD

	OCULAR INVOLVEMENT
	Current clinical knowledge
	Pathophysiology
	Information from animal models and clinical analyses
	Gaps, highest priorities, and roadmap for progress in oGVHD

	HIGHEST PRIORITIES AND ROADMAP FOR PROGRESS IN CHRONIC OCULAR GVHD
	OTHER MORBID CONDITIONS
	OTHER KNOWLEDGE GAPS
	STUDY DESIGN CONSIDERATIONS
	CONCLUSIONS
	APPENDIX.
	References
	Figure 1.
	Figure 2.
	Table 1
	Table 2
	Table 3
	Table 4

