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Foreword

Allogeneic hematopoietic cell transplantation was developed as a therapy in the early 1970s as
a treatment for inherited and acquired diseases of the blood and immune system. Although
initially utilized predominantly for patients with severe aplastic anemia or advanced acute
leukemia who had a matched sibling donor, the therapy has evolved to be a potential treatment
for all diseases of the hematopoietic and immune system, including inherited diseases such as
sickle cell disease, acquired diseases involving all of hematologic malignancies, and numerous
rare disorders where the underlying cause of the disease is in the hematopoietic stem cell.
Among the major early complications are those related to treatment regimens that were usually
total body irradiation— or high-dose chemotherapy—based and infections during the early phase
of transplant. The other major challenge to patients is the development of the acute and chronic
graft-versus-host reaction that occurs despite molecular matching between donor and recipi-
ent, both in the family and through international registries. All patients undergoing allogeneic
transplant require some degree of either systemic graft-versus-host disease (GVHD) preven-
tion therapy or graft manipulation to reduce this complication and to induce a state of tolerance
where the donor’s immune system protects the patient and a functioning hematopoietic and
immune system organ functions for the life of the patient. Although considered the most chal-
lenging of transplant complications, graft-versus-host reaction is associated with a reduced
chance for relapse of the original disease, which is an important consideration in those patients
undergoing transplant for treatment of hematologic malignancy where prevention of relapse is
the reason for this treatment.

Over the years, numerous treatments have evolved for preventing and treating graft-versus-
host reaction. The field has evolved to understand at the cellular and molecular level the basis
for this reaction, which is donor derived, but results from interactions with the residual hema-
topoietic system of the recipient as well, of course, with target antigens on nonhematopoietic
tissue. Strategies have been explored to try to achieve the ultimate goal of the transplant, which
is to engraft the patient with cells that will cure the disease but not cause complications.

In addition to changes in conditioning regimens and GVHD prevention and treatment strat-
egies, there has also been a change in the patient population who are undergoing transplanta-
tion. In the early decades, allogeneic transplant was restricted predominantly to patients who
had a matched sibling donor and who were under the age of 45-50. However, with the develop-
ment of newer and safer approaches that consistently facilitate donor stem-cell engraftment
and rely heavily on the donor immune system to control the malignancy, older patients have
been transplanted. It is common now to see patients undergoing transplant for treatment of
hematologic malignancy in their 60s and 70s. Thus, the spectrum of manifestations of graft-
versus-host reaction is also evolving thanks to the type of transplant (sibling, matched unre-
lated, cord blood, haploidentical) that is used as the age diversity increases.

This Atlas, as edited by Dr. Jonathan Cotliar at the City of Hope Comprehensive Cancer
Center, is focused on manifestations of both acute and chronic graft-versus-host reaction in
its various forms but, in particular, the dermatologic and mucosal manifestations. This book
provides the reader with an initial introduction to hematopoietic stem cell transplantation,
reflecting the evolution of the treatment over the past four decades, and provides both text and
images reflecting the various aspects of the GVHD, including the clinical presentations of
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Foreword

cutaneous and mucosal GVHD and the pathologic manifestations derived from biopsy mate-
rial of patients who have this syndrome. One of the observations that was made with the
development of a reduced-intensity transplant has been the changing manifestations of graft-
versus-host reaction and its timing, and this book is useful in understanding this change in the
clinical presentation that is no longer simply acute GVHD in the first 100 days and chronic
GVHD and its manifestations after that time. Dr. Cotliar and his collaborators in this project
provide practical and scientific information for both the diagnosis and treatment of these
GVHD manifestations, which can be so challenging for patients and physicians. The chapters
emphasize how early recognition and early intervention can sometimes blunt the evolving
manifestations that affect quality of life for patients and result in long-term immunosuppres-
sion and a full recovery. To their credit, he has included chapters on wound care in the man-
agement of chronic GVHD.

Although numerous books have chapters on graft-versus-host reaction, this Atlas provides
both visual and text to aid physicians and other health care personnel in helping to both recog-
nize and manage patients with graft-versus-host reaction so that the overall goal of the proce-
dure, namely cure of the underlying hematopoietic disorder, can be realized. This book,
therefore, should have wide appeal for those who have been in the field for many years and for
those who are entering it to make their own contributions to both research and care to help
improve the outcome for patients undergoing transplant to cure their disease.

Duarte, CA, USA Stephen J. Forman



Preface

I am grateful to have received help from so many friends and colleagues in this undertaking.
Individual dermatologists, oncologists, and pathologists from many of the leading clinical cen-
ters in the United States all contributed to this effort. As such, we were able to generate a text
that I believe will provide valuable guidance for those medical students, residents, fellows,
nurses, attending physicians, and other allied health professionals who take care of patients
with graft-versus-host disease (GVHD). Our understanding about the intricacies of GVHD
diagnosis and treatment are constantly developing as basic and translational science in the field
evolves. As such, I believe this text is reflective of the best current evidence we have to date for
clinicians treating patients with GVHD.

As a young physician taking care of patients suffering from GVHD, it would have been nice
to have a resource handy that could have provided the type of comprehensive guidance required
for a disease entity that has such a heterogeneous and complicated clinical presentation. The
collaboration we sought in generating this text was based upon input from individuals with
varied training backgrounds and current clinical practice, which I believe enabled us to capture
the perspectives and nuances of GVHD diagnosis/management that can only result from the
input of both oncologists and dermatologists. When combining the experiences of clinicians
from these different backgrounds, it creates a more powerful and useful resource for readers.

I am hopeful that the efforts of the contributors to this textbook will be recognized in a way
that ultimately benefits patients. If any of the photographs or pearls that lie within these pages
can help clinicians better recognize GVHD at the bedside, gain better insight into the presenta-
tion of the disease, or provide a patient with a therapeutic option that otherwise would not have
been considered, then the goals of constructing this atlas will have been met.

Duarte, CA, USA Jonathan A. Cotliar, MD
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Overview of Hematopoietic Cell

Transplantation

Amandeep Salhotra and Ryotaro Nakamura

Allogeneic hematopoietic stem cell transplantation (HSCT)
is a form of immune therapy used to treat a variety of malig-
nant and nonmalignant diseases. The procedure involves
transfusion of multipotent hematopoietic stem cells derived
from bone marrow, peripheral blood, or umbilical cord blood
from a donor, usually matched in human leukocyte antigens
(HLA). Immediately prior to HSCT, patients receive condi-
tioning chemoradiotherapy to eliminate underlying hemato-
logic malignant cells, and to sufficiently suppress the host’s
immune functions for successful engraftment of donor
hematopoietic cells. Following the conditioning regimen and
HSCT, donor-derived hematopoietic recovery and immune
reconstitution occur, during which patients require intensive
supportive care, including prevention and treatment of com-
plications such as infections and acute or chronic graft-
versus-host disease (GVHD).

Currently, between 55,000 and 60,000 HSCTs are per-
formed worldwide each year, including approximately
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8000 in the United States alone [1]. With the use of
alternative donor strategies, reduced intensity condition-
ing (RIC) regimens, and greater availability of donors, the
application of this form of immunotherapy is set to
increase in the coming years (Fig. 1.1). Although alloge-
neic HSCT is the most effective and intensive therapy for
hematologic disorders, there are significant barriers
towards improving outcomes of HSCT, including trans-
plant-related morbidity and mortality associated with
acute and chronic GVHD, infection or delayed immune
reconstitution, and regimen-related organ toxicities. In
addition, despite intensive conditioning regimens and
potent graft-versus-leukemia (GVL) effects, post-
transplant relapse remains a significant cause of treatment
failure. Thus, ongoing efforts are focused on improving
patient selection criteria, preventing and treating GVHD
and infection, and devising methods to reduce post-HSCT
relapse of the underlying disease.

Annual number of transplant recipients
in the US by transplant type
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Fig. 1.1 Increasing numbers of patients are undergoing allogeneic
hematopoietic stem cell transplantation (HSCT) every year (Adapted
Jfrom Pasquini and Zhu [1]; with permission)
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Historical Perspective

Pioneering experimentation by Jacobson in the 1940s
showed that mice were protected from the deleterious effects
of radiation if their spleens were shielded with lead foils [2].
The cellular basis of this protection was proved when infu-
sion from marrow and spleen cells conferred a similar pro-
tective effect from radiation. Barnes et al. [3] were the first
investigators to report treatment of murine leukemia with
high-dose radiation followed by infusion of healthy marrow
from littermates. The first group to publish results of long-
term survival of patients with acute leukemia was from the
Seattle group led by Dr. E.D. Thomas [4]. Patients received
total body irradiation (TBI) and cyclophosphamide (Cy)-
based conditioning and bone marrow grafts from HLA-
matched sibling donors. Only 13 of the initial 100 enrolled
patients in this trial eventually survived on long-term follow
up, but this initial study gave an indication that this form of
therapy could be curative in a proportion of leukemia
patients. Similar results published by Blume and Beutler
from City of Hope [5] confirmed the initial results from
Seattle. Another advance in the field was the introduction of
calcineurin inhibitors in combination with methotrexate for
prevention of GVHD [6, 7]. This combination was associ-
ated with significantly lower risk of Grades II-IV aGVHD
and improved disease-free survival. Other advancements in
the field have been the development of alternative condition-
ing regimens to TBI/Cy [8], the introduction of prophylactic
ganciclovir for cytomegalovirus (CMV) pulmonary infection
[9], and the introduction of allele-level HLA typing as a
result of improvement in molecular typing techniques, result-
ing in better-matched transplants [10]. Introduction of RIC
regimens has allowed elderly patients and patients with
comorbidities who cannot tolerate fully myeloablative regi-
mens to undergo HSCT from matched sibling and unrelated
donors, thus expanding access to this curative modality for a
wider patient population [11, 12].

Indications for Allogeneic Hematopoietic
Cell Transplantation

Allogeneic HSCT is often the only potentially curative treat-
ment for hematologic malignancies in an advanced stage or for
relapsed disease. For early-stage disease such as acute myeloid
leukemia (AML) or acute lymphoblastic leukemia (ALL) in
first complete remission (CR1), the risk of relapse can be sig-
nificantly reduced by allogeneic HSCT, but the medical deci-
sion is complex and has to be carefully balanced against the risk
of transplant-related mortality. In general, allogeneic HSCT is
considered for acute leukemia in CR1 with intermediate-risk or
high-risk features, or cases that are beyond CR1. In the United
States, AML/ALL and myelodysplastic syndromes (MDS)
account for 65 % of patients who undergo allogeneic HSCT
based on the most recent data provided by the Center for
International Blood and Marrow Transplant Research
(CIBMTR) [13]. With the introduction of targeted therapy with
tyrosine kinase inhibitors for chronic myeloid leukemia (CML),
HSCT is reserved only for patients with refractory disease.
Refractory non-Hodgkin’s lymphoma, chronic lymphocytic
leukemia (CLL), and nonmalignant diseases such as aplastic
anemia, and paroxysmal nocturnal hemoglobinuria (PNH)
comprise the remainder of indications for allogeneic HSCT.
The American Society of Blood and Marrow
Transplantation (ASBMT) established a multiple-stakeholder
taskforce to study role of HSCT in established disease states
and identify emerging indications where HSCT may poten-
tially be beneficial. This task force came out with a white
paper in 2015 with clearly defined indications across disease
states where HSCT has been shown to be of clinical benefit
based on available clinical trial data. Published systematic
evidence reviews or guidelines were used as the basis for rec-
ommendations to categorize indications for HSCT in pediat-
ric and adult populations [13]; this comprehensive review of
indications for HSCT based on currently available clinical
evidence is highly recommended (Table 1.1) (Fig. 1.2) [14].
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Table 1.1 Diseases for which allogeneic and autologous hematopoi-
etic stem cell transplantation is used [13]

Malignant

Leukemia/preleukemia

Chronic myeloid leukemia

Myeloproliferative syndromes (other than chronic myeloid
leukemia)

Acute myeloid leukemia

Acute lymphoblastic leukemia

Juvenile chronic myeloid leukemia

Myelodysplastic syndromes

Therapy-related myelodysplasia/leukemia

Kostmann’s agranulocytosis

Chronic lymphocytic leukemia

Non-Hodgkin’s and Hodgkin’s lymphoma

Multiple myeloma

Solid tumors

Breast cancer

Neuroblastoma

Sarcomas

Ovarian cancer

Small cell lung cancer

Testicular cancer

Nonmalignant

Severe aplastic anemia

Paroxysmal nocturnal hemoglobinuria

Hemoglobinopathies

Thalassemia major

Sickle cell disease

Congenital disorders of hematopoiesis

Fanconi anemia

Diamond-Blackfan syndrome

Familial erythrophagocytic histiocytes

Dyskeratosis congenita

Schwachman-Diamond syndrome

Severe combined immune deficiency and related disorders

Wiskott-Aldrich syndrome

Inborn errors of metabolism

Acquired autoimmune diseases

Indications for hematopoietic stem
cell transplants in the US, 2013

m Allogeneic (total N=8,197) m Autologous (total N=11,258)
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Fig. 1.2 Common indications for allogeneic and autologous HSCT
(Adapted from Pasquini and Zhu [1]; with permission)
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Sources of Hematopoietic Stem Cells

Hematopoietic stem cells (HSCs) can be found in a variety of
human tissues, but for clinical purposes the most commonly
used sources are peripheral blood, bone marrow, and umbili-
cal cord blood. Each source has its unique advantages and
drawbacks in clinical settings.

Peripheral Blood Mobilized Stem Cells

Peripheral blood is the most common source of hematopoi-
etic progenitor cells (HPCs); 75 % of allogeneic HSCTs use
mobilized stem cells in the unrelated donor setting [15]. The
benefits of peripheral blood mobilized stem cells in the
matched sibling setting are faster hematopoietic engraft-
ment and fewer infectious complications due to higher num-
bers of CD34+ HSCs than in bone marrow grafts [16, 17].
Moreover, the procedure is less invasive than bone marrow
harvest and more donor-friendly. In healthy donors, the con-
centration of CD34+ cells is 0.06 % in peripheral blood and
1.1 % in bone marrow [18]. This percentage can be readily
augmented by growth factor priming and by chemotherapy
in the setting of autologous stem cell transplantation. After
four doses of granulocyte colony-stimulating factor (G-CSF)
at 12 pg/kg per day, the mean peripheral blood CD34+ count
increased from a baseline of 3.8 x 10%/L to 61.9 x 10°/L
[19], allowing apheresis of CD34+ HPCs from the periph-
eral blood for infusion purposes. The peripheral blood stem
cell (PBSC) graft has 10 times higher concentrations of T
cells, monocytes, and NK cells compared with bone marrow
graft, and the higher concentration of T cells in the PBSC
grafts has been correlated with a higher incidence of acute
and chronic GVHD in both related and unrelated HSCTs
[15, 20]. The optimal CD34 dose is 2 to 5 x 10° cells/kg in
the allogeneic HSCT setting; a CD34 dose exceeding
8 x 10° cells/kg has been associated with the development of
chronic GVHD [21].

Bone Marrow Hematopoietic Stem Cells

Traditionally, bone marrow has been the source of HPCs
used in the sibling and unrelated-donor settings. Five to
10 mL of bone marrow is typically obtained from healthy
donors from the posterior iliac crest under general anesthe-
sia, with a goal of 10-15 mL/kg of recipient weight, corre-
sponding to a marrow volume of 700—1500 mL for an adult
donor. The goal is to collect a minimum total nucleated cell
dose of 2 x 108 cells/kg for successful engraftment. The bone
marrow graft has lower numbers of T cells, correlated with a
lower incidence of chronic GVHD in the unrelated-donor
setting, although the graft failure rate is higher at 9 % [15].

Umbilical Cord Blood Stem Cells

Umbilical cord blood (UCB) contains high numbers of HPCs,
and double cord stem cell transplants have been successfully
used in adults for hematologic malignancies [22]. When mis-
matched UCB HSCT was compared with mismatched bone
marrow HSCT for acute leukemia in the myeloablative set-
ting, the transplant-related mortality, treatment failure, and
overall mortality were similar [23], indicating that UCB is a
viable source of HSCs for treatment of advanced hematologic
malignancies. The major disadvantage to the use of UCB is
the significant delay in neutrophil engraftment (average
27 days) and platelet engraftment (average 29 days) com-
pared with bone marrow and PBSC graft sources. This delay
in hematopoietic engraftment increases transfusion require-
ments and the risk of infectious complications. Graft failure is
a major concern with UCB transplants (10 % in RIC and
20 % in myeloablative conditioning [24, 25]) because of the
low numbers of passively transferred T cells.

In the HLA-matched sibling and unrelated-donor setting
in adults, HSCT is most often performed using PBSCs as the
source of stem cells (Fig. 1.3). In the pediatric population,
bone marrow continues to be the preferred source of HSCs.
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a HLA-match sibling donor allogeneic
transplants in patients age > 20 years
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Fig. 1.3 (a, b) Increasing utilization of peripheral blood stem cells
(PBSCs) as the source of hematopoietic stem cells in the sibling and
unrelated donor settings in adults (Adapted from Pasquini and Zhu [1];
with permission)

Stem Cell Donors
Matched Related Donor

This type of allogeneic HSCT involves a donor who is an
HLA-matched sibling of the recipient. The formula for cal-
culating the chances of a particular person having an HLA-
matched sibling is 1 — (0.75)N, where N denotes the number
of potential sibling donors. In general, a patient with one
sibling has a 25 % chance of having a match. The average
American family size usually limits the success of finding a
family donor to approximately 30 % of patients.

Matched Unrelated Donor

If the patient needs an allogeneic transplant and a donor cannot
be found within the family, the identification of a matched
unrelated donor (MUD) is accomplished by searching the com-
puter files of the National Marrow Donor Program (NMDP) as
well as other, international registries (Bone Marrow Donors
Worldwide: BMDW). Through international connections, the
NMDP searches more than 27.8 million potential donors
worldwide as of 2016 (https:/www.bmdw.org).

Haploidentical Stem Cell Donors

A recent source of hematopoietic stem cells that has emerged
is from a haploidentical donor, which refers to complete half
mismatch (4 of 8 HLA loci) from a related donor. This tech-
nique has greatly expanded the applicability of HSCT for
patients with hematologic malignancies, as almost everyone
will have a haploidentical donor (parent, child, or half sib-
ling) who can potentially be used as an HSC donor source.
The haploidentical donor is readily available and the cost of
collection is lower than for MUD or UCB donors. Early
attempts at haploidentical transplants were unsuccessful
owing to severe GVHD in T-replete grafts and graft rejection
in T-depleted grafts. The use of posttransplantation cyclo-
phosphamide (Cytoxan), pioneered by a group at the Johns
Hopkins Oncology Center [26], has allowed successful
engraftment with low rates of acute and chronic GVHD. The
risk of graft failure can be reduced by increasing the CD34+
stem cell dose, as shown by a group at the University of
Perugia, Italy [27] (Fig. 1.4).

In 2006, MUD HSCTs exceeded the number of sibling
transplants for the first time, and the gap continues to widen.
From 2003 to 2011, UCB transplantation increased steadily
in popularity, but owing to the rapid adoption of haploidenti-
cal donors with posttransplantation cyclophosphamide, the
number of haploidentical HSCTs exceeded UCB transplants
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in 2014 and now accounts for 11 % of all allogeneic HSCT
in the United States [1]. The survival data for MUD trans-
plantation is similar to sibling HSCT outcomes in certain
disease states [28].

Allogeneic transplant recipients in
the US, by donor type
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Fig. 1.4 Distribution of allogeneic HSCT based on various donor
sources (Adapted from Pasquini and Zhu [1]; with permission)

Conditioning Regimens

The conditioning regimen used in the allogeneic setting has
a dual purpose: The therapeutic component is designed to
eliminate tumor cells, and the immunosuppressive compo-
nent is intended to prevent host immune responses from
rejecting the transplanted donor cells. The doses of radiation
therapy and chemotherapy employed take advantage of the
steep dose-response curve that exists for many malignancies.
These doses have been established on the basis of the limita-
tions of other nonhematopoietic organs, such as the liver and
lungs. The combined chemotherapy agents employed have a
nonoverlapping toxicity profile. Based on their intensity,
conditioning regimens are divided into myeloablative (MA)
regimens, nonmyeloablative regimens, and reduced-intensity
conditioning (RIC) regimens. The type of regimen chosen
for any individual patient depends on a variety of factors
such as age, performance status, disease status, the risk of
relapse, and comorbidities.

Myeloablative Regimens

This is traditionally the most commonly used type of condi-
tioning regimen. It can be administered with a combination
of radiation therapy with total body irradiation (TBI) doses
in excess of 5 Gy or a busulfan dose greater than 8 mg/kg.
MA regimens are associated with profound pancytopenia
within 1-2 weeks of conditioning, which is irreversible and
requires infusion of autologous or allogeneic stem cells to
restore normal hematopoiesis. Busulfan-based regimens are
most commonly used worldwide for allogeneic transplanta-
tion, but the oral administration of busulfan leads to unpre-
dictable absorption, which has been correlated with relapse
(low absorption) and increased toxicity (increased absorp-
tion). Studies with an intravenous formulation of the drug
have shown much more predictable pharmacokinetics, less
toxicity, and good survival when used in the transplant regi-
men. Studies have shown that when an intravenous formula-
tion of busulfan is used, it is associated with a decreased
incidence of hepatic venoocclusive disease and the 100-day
survival is significantly higher [29]. The advent of therapeu-
tic drug monitoring using pharmacokinetic dosing strategy
can further help in achieving steady-state drug levels in the
desired range, thereby improving HSCT outcomes [30].

Reduced-Intensity Conditioning

Reduced-intensity conditioning (RIC) uses lower doses of
chemotherapy, with or without TBI, and relies on immuno-
suppression to facilitate engraftment of donor stem cells.
These conditioning regimens are associated with significant
lymphopenia, allowing successful engraftment of donor
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HSCs in the recipient. The major therapeutic effect that
results from this type of transplant is a graft-versus-tumor
effect, because the nonmyeloablative regimen has limited
long-term antitumor effect. Some disorders, such as CML,
AML, and low-grade lymphoma, are particularly sensitive to
this approach.

RIC transplantation is used primarily for patients who are
older or who have comorbid conditions that might increase
the risk of a fully ablative regimen. The most common regi-
mens use fludarabine combined with either melphalan or
busulfan or with a single fraction of TBI, followed by infu-
sion of either donor bone marrow or peripheral blood—
derived stem cells. All patients still require posttransplant
immunosuppression similar to all other patients receiving
non—T-cell-depleted transplants. For patients receiving
either a matched sibling or fully matched unrelated trans-
plant, the engraftment of donor cells after RIC is usually
100 % by day 30-60 after transplantation, and the immuno-
suppressive medications are tapered over a few months.
Although the chemotherapy does have antitumor activity in
this type of transplant, the major factor in eliminating the
malignancy is the donor immune system. As in the fully
ablative transplant setting, the presence or absence of GVHD
influences the outcome.

Graft-Versus-Host Disease Prophylaxis
and Treatment

GVHD can be broadly divided into acute and chronic, based
on clinical manifestations rather than on the temporal rela-
tion to the time of transplantation. Acute GVHD includes
classic acute GVHD (manifested by maculopapular rash, GI
symptoms, or cholestatic hepatitis) and persistent, recurrent,
or late-onset acute GVHD (occurring more than 100 days
after HSCT). Chronic GVHD (cGVHD) comprises classic
chronic GVHD, presenting with clinical manifestations
attributable to GVHD alone, and overlap syndrome, which
has diagnostic or distinctive cGVHD manifestations together
with features typical of acute GVHD [31].

Prophylaxis

All patients who undergo non—T-cell-depleted transplanta-
tion require some form of GVHD prophylaxis. The most
common regimens involve a combination of methotrexate
(MTX) and a calcineurin inhibitor (cyclosporine or tacroli-
mus). In reduced-intensity HSCT, mycophenolate mofetil
(MMF) plus a calcineurin inhibitor has also been used. The
combination of tacrolimus and sirolimus has been studied
and appears to be an effective approach for the prevention of
GVHD. These medications, in the absence of GVHD, are
tapered over 6— 12 months after HSCT. The regimens of siro-

limus and tacrolimus are tapered in a similar manner.
Adbverse effects of tacrolimus and cyclosporine include renal
toxicity, hypertension, magnesium wasting, seizures, and
microangiopathy. Sirolimus, an oral agent, can cause hemo-
lytic uremic syndrome in association with tacrolimus and
requires careful monitoring of dosage and drug levels. It can
also raise blood triglyceride levels. Newer approaches to pre-
vent GVHD include the addition of maraviroc (CCRS antag-
onist) [32], vorinostat (histone deacetylase inhibitor) [33], or
bortezomib (proteasome inhibitor) [34] to the calcineurin
inhibitor and MMF or MTX. Posttransplantation cyclophos-
phamide has also showed promising results in matched
donor and haploidentical donor transplantation [35, 36].

Treatment of Acute GVHD

Despite prophylaxis, many allogeneic transplant recipients
still develop some degree of GVHD and require increasing
doses of prednisone (1-2 mg/kg per day). There is no single
standard therapy for patients who do not respond to cortico-
steroids. Antithymocyte globulin (Atgam; 10 mg/kg per day
for 5-10 days) has been used in this setting. More recent
options include anti-CD25 monoclonal antibodies (basilix-
imab, daclizumab), pentostatin, anti-TNF agents (etanercept,
inflximab), and MMF. There have been many efforts to
improve upfront therapy beyond steroids, but a multicenter
randomized trial comparing prednisone versus prednisone
plus MMF for newly diagnosed acute GVHD did not show a
benefit of additional MMF in this setting [37]. Active clinical
trials are being done to study the role of inhibition of the JAK
1/2 pathway and complement pathway in the treatment of
established GVHD. The ongoing BMT CTN 1301 trial is
exploring the role of acute GVHD prophylaxis with CD34+
selected HSCs (T depletion) and posttransplantation cyclo-
phosphamide versus standard tacrolimus and MTX-based
prophylaxis. The HIV drug maraviroc has also shown activ-
ity in prevention of visceral GVHD by inhibition of the
CCRS pathway, which targets lymphocyte trafficking. The
BMT CTN 1203 trial recently completed accrual; it tests
three novel strategies for acute GVHD prophylaxis (tacroli-
mus/MTX with bortezomib or maraviroc and posttransplan-
tation cyclophosphamide) in a multicenter phase 2 design to
pick the most efficacious combination. Results from this trial
are eagerly awaited.

Chronic GVHD

In patients surviving beyond 100 days after HSCT, cGVHD
is the major cause of late mortality. Recent improvements in
supportive care, GVHD regimens, and graft manipulation
have not impacted the incidence of cGVHD or the mortality
associated with it. GVHD is a chronic, multisystem,
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alloimmune disorder characterized by immune deregulation,
impaired organ functioning, and increased mortality. Its clin-
ical presentation has features resembling Sjogren syndrome,
scleroderma, primary biliary cirrhosis, bronchiolitis obliter-
ans, immune cytopenias, and chronic immunodeficiency.
The pathogenesis of cGVHD is poorly understood, but the
general consensus is that organ damage is secondary to organ
toxicity caused by donor alloreactive T cells, cytokine dys-
regulation, and antibodies produced by donor-derived B
cells. The reported incidence of cGVHD after allogeneic
HSCT varies from 6 to 60 % based on cell source (PBSC vs
bone marrow), donor type (sibling vs unrelated), condition-
ing regimen (MA vs non-MA), and graft manipulation
(T-depleted or not). The variability in reported incidence of
cGVHD is also due to lack to standard diagnostic guidelines
in the past, interobserver variability in diagnosing cGVHD,
differences in statistical methods of reporting, and limited
follow-up of patients who are discharged from the transplant
center.

Risk Factors Associated with Chronic GVHD

A number of risk factors are traditionally associated with the
development of cGVHD:

 Prior development of acute GVHD

e HLA disparity or mismatched donor

* Intensity of conditioning regimen

e Female donor to male recipient

e Increasing recipient or donor age

e Use of PBSCs as HSC source [15]

e HSCT in CML, aplastic anemia, or other autoimmune
conditions

e Alloimmunization of donor (e.g., multiparous woman or
multiple transfusions)
e Donor lymphocyte infusion [38, 39]

Most cases of cGVHD are diagnosed in the first year after
transplantation, but 5-10 % of cases have delayed presenta-
tion beyond 1 year. Multisystem involvement occurs in 50 %
of patients, requiring systemic immunosuppressive therapy
for 2-3 years. A fraction of patients require immunosuppres-
sive therapy lasting 5 years or more. The morbidity second-
ary to cGVHD is secondary to organ damage caused by the
primary disease process and immune suppression caused by
medications and GVHD [40]. The skin (75 %) is the most
common site of involvement, followed by the mouth (51—
63 %), liver (29-51 %), and eye (22-33 %). Less frequently
involved sites are GI tract/weight loss (23-45 %), lung
(4-19 %), esophagus (7 %), joints (6 %), and female genital
tract (1 %).

Treatment of Chronic GVHD

Chronic GVHD is generally treated with prolonged courses
of corticosteroids, cyclosporine/tacrolimus, and other medi-
cations, such as MMF, sirolimus, and pentostatin.
Extracorporeal photopheresis has been used with varying
response rates. Recently, the pathogenic role of B cells in
cGVHD has been increasingly recognized, and rituximab
has been successfully used in both therapy and prophylaxis.
There are also promising results from phase 1 and 2 studies
using low-dose IL-2, which increases the number of regula-
tory T cells (Ty,) in vivo. The prognosis for cGVHD (as for
acute GVHD) is related to the extent of organ compromise
and the response to treatment.
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Causes of Treatment Failure

Despite major advances in conditioning regimens, posttrans-
plantation maintenance strategies, and improved GVHD pro-
phylactic regimens, a significant number of patients succumb
either to disease relapse or to GVHD or infectious complica-
tions after HSCT. Based on data reported by the CIBMTR,
the major causes of treatment failure after allogeneic HSCT
from sibling and unrelated donors are relapse of primary dis-
ease (40-50 % of cases) and transplant-related morbidity
secondary to GVHD and infectious complications (Fig. 1.5).

To prevent post-HSCT disease relapse, maintenance
chemotherapy such as sorafenib in FLT3-ITD mutated
AML or tyrosine kinase inhibitors in Ph-positive ALL can
be employed to prevent relapse of the primary disease [41].
Minimal residual disease monitoring [42] is an emerging
technique that is frequently employed in the posttransplant
setting to detect early disease relapse. Multicolor flow
cytometry, PCR-based assays, and chimerism analysis [43]
can give an advance warning of impending relapse, allow-
ing withdrawal of immunosuppression or donor lympho-
cyte infusion (DLI) [44] to potentially prevent full-blown
disease relapse. DLI responses are not uniform across dis-
ease states; the best responses are noted in CML [45].
Responses are also noted in the setting of AML, MDS, and
lymphoma, but responses are rare in the setting of ALL
[46]. DLI infusions are typically followed by a flare of
GVHD, so they should be restricted to patients who have
relapse of primary disease without GVHD and who are par-
tial donor chimeras. DLI typically works best when the dis-
ease burden is low, so it can be used in patients who are
positive for minimal residual disease or after debulking
with cytotoxic chemotherapy.

Causes of death after HLA match
sibling transplants done in 2012-2013

1%
= Primary disease

= GVHD

= Infection

® QOrgan failure

" Second malignancy
= Other

b Causes of death after unrelated donor
transplants done in 2012-2013

B Primary disease
®GVHD

= |nfection

¥ Organ failure
 Second malignancy
m Other

' CIBMTR®

Fig. 1.5 Causes of mortality after allogeneic HSCT. (a) HLA-matched
sibling transplants. (b) Unrelated donor transplants (Adapted from
Pasquini and Zhu [1]; with permission)
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Supportive Care

Appropriate supportive care is the cornerstone of managing
patients after allogeneic HSCT, as infection is a leading
cause of mortality, secondary to immunosuppression [47,
48]. The Centers for Disease Control (CDC) has issued
guidelines for prevention of opportunistic infections in post-
HSCT patients (http://www.cdc.gov/mmwr/preview/
mmwrhtml/rr4910al.htm). Prophylaxis of P. jerovici should
be given for 6 months after discontinuation of immunosup-
pression. Patients with cGVHD have splenic dysfunction,
and lifelong prophylaxis is recommended for encapsulated
bacteria. Patients with oral GVHD on topical steroid rinses
should use clotrimazole rinses. Late CMV reactivation can
occur, so CMV PCR should be monitored closely; preemp-
tive therapy is recommended. Acyclovir prophylaxis is rec-
ommended for at least a year after HSCT, and longer if
patients are on immunosuppression for treatment of
cGVHD. The CDC also has specific recommendations for
patients who are post HSCT; further details can be accessed
at http://www.cdc.gov/mmwr/pdf/rr/rr6207.pdf. All live vac-
cines are contraindicated after allogeneic HSCT. IVIG
should be given if IgG levels are below 400/mm?.
Photoprotection and surveillance for secondary skin cancers
is recommended for patients exposed to radiation-based con-
ditioning. Follow-up with an ophthalmologist is recom-
mended for detection of premature cataracts and glaucoma.
Patients with muscle weakness secondary to steroid myopa-
thy should receive aggressive physical therapy, and occupa-
tional therapy is recommended for patients with functional
disabilities due to neuropathy or skin sclerosis. Nuclear med-
icine dual-energy x-ray absorptiometry (DEXA) scans
should be performed to detect osteopenia or osteoporosis,
which should be aggressively treated with calcium, vitamin
D, and bisphosphonates. Ancillary therapy and supportive
care form critical components in long-term management
after allogeneic HSCT, and a multidisciplinary approach
with specialists is encouraged.

Conclusion

Use of allogeneic HSCT as a strategy to cure hematologic
malignancies is increasing exponentially worldwide and
is projected to continue to increase. Improvement in RIC
and nonmyeloablative conditioning regimens, expansion
of the worldwide unrelated donor registries, and adoption
of alternative donor stem cell transplants (including cord
blood and haploidentical HSCT) has made this immuno-
therapy more widely applicable. Significant obstacles still
remain, such as posttransplantation relapse, transplant-
related morbidity due to GVHD and infections, and
impaired quality of life. With collaborative efforts of cli-
nicians and emerging data from clinical trials, we hope to
continue to improve patient outcomes with allogeneic
HSCT [49].

References

1. Pasquini MC, Zhu X. Current uses and outcomes of hematopoietic
stem cell transplantation: CIBMTR Summary Slides. 2015.
Available at: http://www.cibmtr.org.

2. Jacobson LO, Marks EK, Gaston EO, et al. The role of the spleen in
radiation injury. Proc Soc Exp Biol Med. 1949;70:740-2.

3. Barnes DW, Corp MJ, Loutit JF, Neal FE. Treatment of murine leu-
kaemia with X rays and homologous bone marrow; preliminary
communication. Br Med J. 1956;2(4993):626-7.

4. Thomas ED, Buckner CD, Banaji M, Clift RA, Fefer A, Flournoy
N, et al. One hundred patients with acute leukemia treated by che-
motherapy, total body irradiation, and allogeneic marrow transplan-
tation. Blood. 1977;49:511-33.

5. Blume KG, Beutler E. Allogeneic bone marrow transplantation for
acute leukemia. JAMA. 1979;241:1686.

6. Storb R, Deeg HJ, Whitehead J, Appelbaum F, Beatty P, Bensinger
W, et al. Methotrexate and cyclosporine compared with cyclosporine
alone for prophylaxis of acute graft versus host disease after marrow
transplantation for leukemia. N Engl J Med. 1986;314:729-35.

7. Storb R, Deeg HJ, Pepe M, Appelbaum F, Anasetti C, Beatty P,
et al. Methotrexate and cyclosporine versus cyclosporine alone for
prophylaxis of graft-versus-host disease in patients given HLA-
identical marrow grafts for leukemia: long-term follow-up of a con-
trolled trial. Blood. 1989;73:1729-34.

8. Laport GG, Alvarnas JC, Palmer JM, Snyder DS, Slovak ML,
Cherry AM, et al. Long-term remission of Philadelphia
chromosome-positive acute lymphoblastic leukemia after alloge-
neic hematopoietic cell transplantation from matched sibling
donors: a 20-year experience with the fractionated total body
irradiation-etoposide regimen. Blood. 2008;112:903-9.

9. Schmidt GM, Horak DA, Niland JC, Duncan SR, Forman SJ, Zaia
JA. A randomized, controlled trial of prophylactic ganciclovir for
cytomegalovirus pulmonary infection in recipients of allogeneic
bone marrow transplants; The City of Hope-Stanford-Syntex CMV
Study Group. N Engl J Med. 1991;324:1005-11.

10. Petersdorf EW, Hansen JA, Martin PJ, Woolfrey A, Malkki M,
Gooley T, et al. Major-histocompatibility-complex class I alleles
and antigens in hematopoietic-cell transplantation. N Engl J Med.
2001;345:1794-800.

11. Storb R, Yu C, Wagner JL, Deeg HJ, Nash RA, Kiem HP, et al.
Stable mixed hematopoietic chimerism in DLA-identical littermate
dogs given sublethal total body irradiation before and pharmaco-
logical immunosuppression after marrow transplantation. Blood.
1997;89:3048-54.

12. Champlin R, Khouri I, Anderlini P, Gajewski J, Kornblau S,
Molldrem J, et al. Nonmyeloablative preparative regimens for allo-
geneic hematopoietic transplantation. Bone Marrow Transplant.
2001;27(Suppl 2):S13-22.

13. Horowitz MM. Uses and growth of hematopoietic cell transplanta-
tion. In: Forman SJ, Negrin RS, Antin JH, Appelbaum FR, editors.
Thomas’ hematopoietic cell transplantation. 5th ed. Hoboken:
Wiley; 2016. p. 8-17.

14. Majhail NS, Farnia SH, Carpenter PA, Champlin RE, Crawford S,
Marks DI, et al. Indications for autologous and allogeneic hemato-
poietic cell transplantation: guidelines from the American Society
for Blood and Marrow Transplantation. Biol Blood Marrow
Transplant. 2015;21:1863-9.

15. Anasetti C, Logan BR, Lee SJ, Waller EK, Weisdorf DJ, Wingard
JR, et al. Blood and Marrow Transplant Clinical Trials Network.
Peripheral-blood stem cells versus bone marrow from unrelated
donors. N Engl J Med. 2012;367:1487-96.

16. Blaise D, Kuentz M, Fortanier C, Bourhis JH, Milpied N, Sutton L,
et al. Randomized trial of bone marrow versus lenograstim-primed
blood cell allogeneic transplantation in patients with early-stage
leukemia: a report from the Societe Francaise de Greffe de Moelle.
J Clin Oncol. 2000;18:537-46.


http://www.cdc.gov/mmwr/preview/mmwrhtml/rr4910a1.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr4910a1.htm
http://www.cdc.gov/mmwr/pdf/rr/rr6207.pdf
http://www.cibmtr.org

Overview of Hematopoietic Cell Transplantation

1

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Faucher C, Mohty M, Vey N, Gaugler B, Bilger K, Moziconnacci
M]J, et al. Bone marrow as stem cell source for allogeneic HLA-
identical sibling transplantation following reduced-intensity pre-
parative regimen. Exp Hematol. 2003;31:873-80.

Korbling M, Anderlini P. Peripheral blood stem cell versus bone
marrow allotransplantation: does the source of hematopoietic stem
cells matter? Blood. 2001;98:2900-8.

. Korbling M, Huh YO, Durett A, Mirza N, Miller P, Engel H, et al.

Allogeneic blood stem cell transplantation: peripheralization and
yield of donor-derived primitive hematopoietic progenitor cells
(CD34+ Thy-1dim) and lymphoid subsets, and possible predic-
tors of engraftment and graft-versus-host disease. Blood. 1995;86:
2842-8.

Schmitz N, Beksac M, Hasenclever D, Bacigalupo A, Ruutu T,
Nagler A, et al. European Group for Blood and Marrow
Transplantation. Transplantation of mobilized peripheral blood
cells to HLA-identical siblings with standard-risk leukemia. Blood.
2002;100:761-7.

Zaucha JM, Gooley T, Bensinger WI, Heimfeld S, Chauncey TR,
Zaucha R, et al. CD34 cell dose in granulocyte colony-stimulating
factor-mobilized peripheral blood mononuclear cell grafts affects
engraftment kinetics and development of extensive chronic graft-
versus-host disease after human leukocyte antigen-identical sibling
transplantation. Blood. 2001;98:3221-7.

Laughlin MJ, Barker J, Bambach B, Koc ON, Rizzieri DA, Wagner
JE, et al. Hematopoietic engraftment and survival in adult recipients
of umbilical-cord blood from unrelated donors. N Engl J Med.
2001;344:1815-22.

Laughlin MJ, Eapen M, Rubinstein P, Wagner JE, Zhang MJ,
Champlin RE, et al. Outcomes after transplantation of cord blood or
bone marrow from unrelated donors in adults with leukemia. N
Engl J Med. 2004:351:2265-75.

Ballen KK, Spitzer TR, Yeap BY, McAfee S, Dey BR, Attar E, et al.
Double unrelated reduced-intensity umbilical cord blood transplan-
tation in adults. Biol Blood Marrow Transplant. 2007;13:82-9.
Rocha V, Labopin M, Sanz G, Arcese W, Schwerdtfeger R, Bosi A,
et al. Transplants of umbilical-cord blood or bone marrow from
unrelated donors in adults with acute leukemia. N Engl J Med.
2004;351:2276-85.

Luznik L, Jalla S, Engstrom LW, lannone R, Fuchs EJ. Durable
engraftment of major histocompatibility complex-incompatible
cells after nonmyeloablative conditioning with fludarabine, low-
dose total body irradiation, and posttransplantation cyclophospha-
mide. Blood. 2001;98:3456-64.

Aversa F, Terenzi A, Tabilio A, Falzetti F, Carotti A, Ballanti S,
et al. Full haplotype-mismatched hematopoietic stem-cell trans-
plantation: a phase II study in patients with acute leukemia at high
risk of relapse. J Clin Oncol. 2005;23:3447-54.

Saber W, Opie S, Rizzo JD, Zhang MJ, Horowitz MM, Schriber
J. Outcomes after matched unrelated donor versus identical sibling
hematopoietic cell transplantation in adults with acute myeloge-
nous leukemia. Blood. 2012;119:3908-16.

Kashyap A, Wingard J, Cagnoni P, Roy J, Tarantolo S, Hu W, et al.
Intravenous versus oral busulfan as part of a busulfan/cyclophos-
phamide preparative regimen for allogeneic hematopoietic stem
cell transplantation: decreased incidence of hepatic venoocclusive
disease (HVOD), HVOD-related mortality, and overall 100-day
mortality. Biol Blood Marrow Transplant. 2002;8:493-500.

Pidala J, Kim J, Anasetti C, Kharfan-Dabaja MA, Nishihori T, Field
T, et al. Pharmacokinetic targeting of intravenous busulfan reduces
conditioning regimen related toxicity following allogeneic hemato-
poietic cell transplantation for acute myelogenous leukemia.
J Hematol Oncol. 2010;3:36.

Socie G, Ritz J. Current issues in chronic graft-versus-host disease.
Blood. 2014;124:374-84.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Reshef R, Luger SM, Hexner EO, Loren AW, Frey NV, Nasta SD,
et al. Blockade of lymphocyte chemotaxis in visceral graft-versus-
host disease. N Engl J Med. 2012;367:135-45.

Reddy P, Maeda Y, Hotary K, Liu C, Reznikov LL, Dinarello CA,
Ferrara JL. Histone deacetylase inhibitor suberoylanilide
hydroxamic acid reduces acute graft-versus-host disease and pre-
serves graft-versus-leukemia effect. Proc Natl Acad Sci U S A.
2004;101:3921-6.

Koreth J, Stevenson KE, Kim HT, McDonough SM, Bindra B,
Armand P, et al. Bortezomib-based graft-versus-host disease pro-
phylaxis in HLA-mismatched unrelated donor transplantation.
J Clin Oncol. 2012;30:3202-8.

Robinson TM, O'Donnell PV, Fuchs EJ, Luznik L. Haploidentical
bone marrow and stem cell transplantation: experience with post-
transplantation cyclophosphamide. Semin Hematol. 2016;53:
90-7.

Kekre N, Antin JH. Cord blood versus haploidentical stem cell
transplantation for hematological malignancies. Semin Hematol.
2016;53:98-102.

Bolafios-Meade J, Logan BR, Alousi AM, Antin JH, Barowski K,
Carter SL, et al. Phase 3 clinical trial of steroids/mycophenolate
mofetil vs steroids/placebo as therapy for acute GVHD: BMT CTN
0802. Blood 2014;124:3221-3227; quiz 3335.

Reinherz EL, Parkman R, Rappeport J, Rosen FS, Schlossman
SE. Aberrations of suppressor T cells in human graft-versus-host
disease. N Engl J Med. 1979;300:1061-8.

Storb R, Prentice RL, Sullivan KM, Shulman HM, Deeg HJ, Doney
KC, et al. Predictive factors in chronic graft-versus-host disease in
patients with aplastic anemia treated by marrow transplantation
from HLA-identical siblings. Ann Intern Med. 1983;98:461-6.
Lee SJ, Flowers ME. Recognizing and managing chronic graft-
versus-host disease. Hematology Am Soc Hematol Educ Program.
2008:134-41.

Nishiwaki S, Imai K, Mizuta S, Kanamori H, Ohashi K, Fukuda T,
et al. Impact of MRD and TKI on allogeneic hematopoietic cell
transplantation for Ph+ALL: a study from the adult ALL WG of the
JSHCT. Bone Marrow Transplant. 2016;51:43-50.

van Dongen JJ, van der Velden VH, Bruggemann M, Orfao
A. Minimal residual disease diagnostics in acute lymphoblastic leu-
kemia: need for sensitive, fast, and standardized technologies.
Blood. 2015;125:3996-4009.

Pérez-Simén JA, Caballero D, Diez-Campelo M, Lopez-Pérez R,
Mateos G, Caiiizo C, et al. Chimerism and minimal residual disease
monitoring after reduced intensity conditioning (RIC) allogeneic
transplantation. Leukemia. 2002;16:1423-31.

Deol A, Lum LG. Role of donor lymphocyte infusions in relapsed
hematological malignancies after stem cell transplantation revis-
ited. Cancer Treat Rev. 2010;36:528-38.

Kolb HJ, Schmid C, Barrett AJ, Schendel DJ. Graft-versus-leukemia
reactions in allogeneic chimeras. Blood. 2004;103:767-76.
MacKinnon S. Who may benefit from donor leucocyte infusions
after allogeneic stem cell transplantation? Br J Haematol.
2000;110:12-7.

Higman MA, Vogelsang GB. Chronic graft versus host disease. Br
J Haematol. 2004;125:435-54.

Couriel D, Carpenter PA, Cutler C, Bolanos-Meade J, Treister NS,
Gea-Banacloche J, et al. Ancillary therapy and supportive care of
chronic graft-versus-host disease: national institutes of health con-
sensus development project on criteria for clinical trials in chronic
Graft-versus-host disease: V. Ancillary Therapy and Supportive
Care Working Group Report. Biol Blood Marrow Transplant.
2006;12:375-96.

Gooley TA, Chien JW, Pergam SA, Hingorani S, Sorror ML,
Boeckh M, et al. Reduced mortality after allogeneic hematopoietic-
cell transplantation. N Engl J Med. 2010;363:2091-101.



Pathophysiology and Immunology
of Chronic Graft-Versus-Host Disease

Amandeep Salhotra and Ryotaro Nakamura

Chronic graft-versus-host disease (cGVHD) is the leading
cause of late morbidity and mortality in patients undergoing
allogeneic hematopoietic stem cell transplant (HSCT) [1, 2].
Chronic GVHD and its associated complications result in
increased resource utilization, poor quality of life parame-
ters, and decreased overall survival in patients. Early detec-
tion and appropriate intervention will help in improving
long-term outcomes of HCT patients. Detection of biomark-
ers in blood or involved tissue (skin, gut, etc.) may help in
early diagnosis and risk-stratification of patients, thereby
impacting the type and intensity of immunosuppressive ther-
apy chosen. To date, early intervention and successful treat-
ment of cGVHD patients has lagged due to difficulty in
scoring organ involvement due to lack of uniform and objec-
tive scoring tools. Another major problem in the field is the
absence of approved therapies in the steroid refractory set-
ting, which is a result of the difficulties of clinical trials in
this patient population due to poor standardization of scoring
systems and evaluation of objective responses. There are
other competing causes of death, including disease relapse
and infectious complications that may confound survival
data. Establishment of standardized cGVHD scoring sys-
tems has helped enormously in staging the disease and evalu-
ating responses to new therapies, thereby helping to make
objective response evaluations possible [3].
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Basic Biology of cGVHD

The underlying pathophysiologic mechanisms of cGVHD
are complex and are related to donor T-cells recognizing
recipient as “non-self” based on a variety of factors. The
most important of these is degree of human leukocyte anti-
gen (HLA) disparity between the donor-recipient pair.
cGVHD consists of an early initiating phase, followed by
gradual evolution to the full-blown syndrome, which can
involve multiple organs. The “prime targets” are skin, GI
tract, and liver, all of which are organs that undergo tissue
damage as part of prior chemotherapy and conditioning
regimens. Other organs, such as lung, salivary and lacrimal
glands, oral mucosa, skin, and subcutaneous tissues can
also be involved and contribute to morbidity associated
with ¢cGVHD. During the initiation phase of cGVHD,
recipient antigen presenting cells (rAPCs) engage Donor
CD8+ T cells by presenting self-antigens in conjunction
with MHC class I complex. Donor CD4+ T cells are acti-
vated by the MHC class II pathway, wherein shed donor
proteins and apoptotic cells are processed by endosome and
presented to donor CD4+ cells by rAPCs. After antigen
presentation and appropriate co-stimulatory signaling,
donor CD4+ and CD8+ undergo activation and expansion.
In the evolution phase, donor APCs continue ongoing acti-
vation of donor-derived T cells by presenting recipient anti-
gens via MHC class I and II peptides. The activated T cells
cause tissue damage by release of inflammatory cytokines
(TNF-a, IL-2 IFN-y) and by direct tissue infiltration [4]
causing manifestation of acute GVHD. Chronic GVHD is
postulated to occur due to thymic damage during condi-
tioning which leads to defective negative selection of T
cells, deficiency of regulatory T cells (Tregs), auto anti-
body production by aberrant B cells, and formation of
fibrotic lesions.

13
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cGVHD Biomarker

The properties of an ideal biomarker as defined by Schultz
et al. [5] include its ability to (1) predict response to therapy;
(2) measure disease activity and distinguish irreversible
damage from continued disease activity; (3) predict the risk
of developing chronic GVHD; (4) diagnose chronic GVHD;
(5) predict the prognosis of chronic GVHD; (6) evaluate the
balance between GVHD and graft-versus-leukemia (GVT)
effects; and (7) serve as a surrogate end-point for therapeutic
response.

Serologic and cellular immune markers have long been
studied to predict the onset of acute and chronic GVHD and
also to predict the severity of established disease [6].
Unfortunately, none of these markers meet all of the above
criteria, or have been validated in a prospective manner. In
this chapter, we will review the current literature summariz-
ing immune cell and inflammatory mediators that have been
studied as biomarkers for chronic GVHD.

Cellular Biomarkers

Table 2.1 lists immune cell populations associated with
subsequent risk of cGVHD and Table 2.2 lists inflammatory
biomarkers co-related with development of cGVHD.

Table 2.1 Immune cell populations associated with subsequent risk of

¢GVHD
Cell subset Risk of cGVHD References
Effector memory Increase in this T-cell Yamashita et al. [7]
CD4gy T cells subset co-related with
(CCR7"™t CD62L"") | increased risk of
¢GVHD
CD8+ Central Increase in this T-cell Yamashita et al. [8]
Memory T cells subset co-related with
increased risk of
c¢GVHD
CD4+CD27 -T Increase in this T-cell | Fukunaga et al. [9]
cells subset co-related with
increased risk of
¢GVHD
Tregs CD4+CD25+ | Increase in this T-cell Zorn et al. [10]
subset co-related with
decreased risk of
¢GVHD
Host APCs If activated with Schlomchik
co-stimulatory etal. [11]
molecules CD86/
CD80 — co-related
with increased risk of
c¢GVHD
CD3-CD16+/56+ Lower numbers in Abrahamsen
NK-cell patients with cGVHD | etal. [12]

APCs antigen-presenting cells, CD cluster of differentiation, NK natural

killer

Table 2.2 Inflammatory biomarkers co-related with development of

¢GVHD
Inflammatory marker | Risk of cGVHD References
TNFa Levels increased in Dander et al. [13]
acute and cGVHD
IL-6 and IL-8 Levels increased in Dander et al. [13]
acute and cGVHD
IFNy, IL-12 Increased levels Rozmus et al. [12]

co-relate with
c¢GVHD

Day 7 IL-15 level

Low day 7 IL-15
levels correspond to

Pratt et al. [14]

subsequent cGVHD

CXCLO levels Levels increased at Kitko et al. [15]
onset of cGVHD

ST2, CXCLO, Elevated serum Yu et al. [16]

MMP3, Osteopentin

levels at day 100
co-relate with
¢GVHD

BAFF (B-cell
activating factor)

Levels elevated in
¢GVHD

Sarantopoulous et al.
[17]

CXCL9 chemokine (C-X-C motif) ligand 9, IFNy interferon gamma, /L
interleukin, MMP3 matrix metalloproteinase, S72 suppression of
tumorigenicity 2, TNFa tumor necrosis factor alpha
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T Cells

T-Cell Differentiation Status

Immune cell subsets have been studied extensively in patients
to determine their predictive value in chronic GVHD. Most
studies have focused on CD4+ (post-thymic) T cell subsets.
Human peripheral blood CD4+ T cells are classified into
three broad populations: (1) naive CD45RA+CCR7+ and
two memory subsets; (2) CD45RA-CCR7+ (central mem-
ory); and (3) CD45RA-CCR7- (effector memory).
Chemokine receptor CCR7 is required for migration of T
cells into secondary lymphoid organs such as lymph nodes
and the spleen. CD62L expression guides lymphocytes into
lymphoid tissue and is tightly linked to CCR7 expression on
memory CD4+ T cells. Yamashita et al. [7] studied relative
proportions of effector memory CD4gy T cells (CCR7-
CDG62L"" in patients with established cGVHD and compared
these to CD4gy; T cells in healthy controls and patients with
no clinical signs of cGVHD. Chronic GVHD patients had a
significantly higher percentage of CCR7-CD62L"Y cells
compared with healthy controls (35.5 % vs 13.8 % respec-
tively; P < .0001) or stem cell transplantation patients with-
out cGVHD (35.5 % vs 21.7 % respectively; P <.01) in the
total CD4+ population.

Changes in relative ratios of CD4 and CD8 T cell subsets
and decrease in CD4+ central memory T cells has been noted
in patients with chronic GVHD. Yamashita et al. [8] reported
changes in T cell subsets in 37 patients who developed
cGVHD after allogeneic HSCT. Specifically, an increase in
central memory CD8+ cells with concomitant decline in
CD4+ cells was noted. This immune cell pattern was not
seen in patients who did not develop cGVHD post-HSCT or
in patients who responded to immunotherapy with photo-
pheresis. This finding indicates that the ratio of central and
effector memory T cell subsets is altered in cGVHD and suc-
cessful treatment leads to normalization of this ratio.

Fukunaga et al. [9] reported a unique subset of T cells,
CD4+CD27—, which are seen in peripheral blood in
increased frequency in patients with cGVHD (39.5 % com-
pared to < 10 % in healthy adults). These T cells have short-
ened telomere length, increased susceptibility to
activation-induced cell death and decreased clonal diversity.
This depletion of central memory CD4+ T cell pool increases
patients’ susceptibility to recurrent infections, thereby
increasing infectious morbidity. Patients who have decreas-
ing numbers of CD4+CD27+ cells post-allogeneic HCT
should be monitored closely for infectious complications
and should remain on appropriate antimicrobial prophylaxis
until immune recovery occurs post-HSCT.

CDA4 T-Cell Cytokine Subsets (Th1, Th2, Th 17)

The CD4 T helper cells can be classified in to Thl and Th2
based on cytokine secretion profiling, with Th1 cells secreting

IFN-y, IL-2 and TNFa. Th2 cells produce IL-4,IL-5IL-
6,IL-10 and IL-13. Th1 cells are responsible for delayed type
hypersensitivity and are important in defense from infectious
microorganisms. When exposed to foreign antigens, the APCs
(macrophages and dendritic cells [DCs]) migrate to lymphoid
organs and present antigens to naive T cells and produce pro-
inflammatory cytokines, such as IL-12, which leads to Thl
type response. Human and animal studies have shown that
acute GVHD is a clinical syndrome caused by an imbalance
between Th1 (pro-inflammatory cytokines) and Th2 response
(anti-inflammatory cytokines) [18-20]. Chronic GVHD is a T
cell mediated allo-reactive process and Th2 response domi-
nates in cGVHD [21, 22]. Another subset of CD4 T cells
which produce IL-17 (Th17) have been also implicated in
development of cGVHD. Dander et al. [13] studied the role of
IL-17 producing CD4+ T cells (Th17) in cGVHD in serum of
51 patients post-allo HSCT with clinical manifestations of
cGVHD and compared this to 15 healthy donors (HD).
Patients with cGVHD showed an increase of Th17 population
compared with HD (mean SFU = 178/25,000 cells, n = 18,
ANOVA P < 0.001). Importantly, by analyzing the proportion
of Th17 cells according to the activation status of cGVHD
(active vs. inactive phases), the authors were able to demon-
strate that patients with active cGVHD show an increase of
Th17 population (mean SFU = 237/25,000 cells, n = 13,
ANOVA P < 0.001). Inflammatory cytokines produced by
Th17 cells such as IL-6, TNF- o and IL-8 were also signifi-
cantly elevated in patients with active cGVHD.

Therapeutic approaches: Based on the critical role played
by CD4+ T cells in propagating cGVHD, attempts have been
made to reduce these alloreactive T cells by inhibition of the
Janus Kinase/Signal Transducer and Activator of
Transcription (JAK/STAT) pathway. Common gamma chain
signaling via JAK pathway leads to up-regulation of IL-2,
IL-4, IL-7, IL-9, IL-15, and IL-21—this cytokine storm
causes T cell activation, lineage commitment, and survival
signaling. Patients with steroid refractory cGVHD who were
treated with the commercially available JAK1/2 inhibitor
ruxolitinib exhibited excellent clinical responses with an
overall response rate of 85.4 %. These responses were inde-
pendent of organ involvement [23]. Additional clinical trials
are in progress to further study the role of this important
classof medicationsin prevention of cGVHD (NCT02806375,
NCT01790295).

Regulatory T Cells (Tregs)

Regulatory T cells, or Tregs, constitute 5—10 % of circulating
CD4+ T cells, and suppress auto- and allo-reactive T cell
clones. Tregs have also been associated with clinical symp-
toms of cGVHD. Immunophenotypically, Tregs are CD4+
and CD25+ and express forkhead transcription factor
FOXP3. Zorn et al. [10] evaluated CD4+CD25+ Tregs in 30
patients with cGVHD after allogeneic HSCT, 27 patients
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without active cGVHD, and 26 healthy controls. They also
evaluated T cell receptor excision circles (TREC) by periph-
eral blood polymerase chain reaction (PCR) as a marker of
thymic activity in post-HCT patients. Patients with active
cGVHD had significantly lower expression of FOXP3 when
compared with patients without cGVHD (P = .009) or
healthy donors (P = .01). Moreover, patients with active
c¢GVHD had significantly lower expression of FOXP3 when
compared with patients without cGVHD (P = .009) or
healthy donors (P = .01). Patients with or without cGVHD
showed a significant decrease in TRECs compared with
healthy donors (P < .001), supporting that thymic function is
substantially impaired following allogeneic HSCT.
Therapeutic approaches: Based on studies showing the
role of IL-2 as a growth factor for Tregs, clinical trials have
been reported with use of low-dose IL-2 in cGVHD setting
with promising response rates [24, 25]. Additional combina-
tions of IL-2 with Tregs (NCT01937468) and photopheresis
(NCT02340676) are ongoing to see if therapeutic response
can be augmented above that seen with IL-2 monotherapy.

Antigen-Presenting Cells

In addition to T cells, antigen-presenting cells (APCs), such
as macrophages, dendritic cells, and B cells, play a critical
role in initiating and propagating immune responses associ-
ated with cGVHD. Schlomchik et al. [11] demonstrated that
host APCs are radio- and chemo-resistant post-conditioning
regimens, and are critical for antigen presentation to incom-
ing donor T cells, thereby proving the antigenic and co-
stimulatory signals for T-cell activation and expansion
leading to aGVHD. T-cell activation in the context of APC
requires (1) antigen presentation with MHC class II mole-
cules (MHC restriction) and (2) signal transduction via co-
stimulatory molecules such as CD 80 and CD86. APCs are
able to recognize the presence of microorganisms through
the detection of conserved pathogen-associated molecular
patterns (PAMP) and rapidly initiate tailored responses to
these danger signals. Blockage of PAMP inducible co-
stimulatory molecules such as CD40 or B7.1/B7.2 is effec-
tive in decreasing incidence of GVHD. She et al. [26]
described the role of B cells primed for TLRY (toll-like
receptor 9), the response of which may play a role in patho-
physiology of cGVHD. TLR9 expression has a significant
correlation with expression of CD86 and CD80—further-
more, expression of these surface proteins was used as sur-
rogate for TLRY expression in this trial. A significantly
greater percentage of B cells from and early cGVHD group
(3-8 months post-HSCT; n = 19, 56.3 %) were capable of
up-regulating CD86, compared to 6-month non-cGVHD
controls (n=9, 15.8 %; P = .0004) in response to PS-modified
CpG. To confirm the B cell responses were mediated by TLR

pathway, mRNA expression levels were checked in purified
B cells by RT-PCR. There was a significant correlation
(n=12,12=0.65, P = .002) between PS-modified CpG 2006
response and B cell TLR9 mRNA levels. Anderson et al. [27]
further clarified the role of donor and host APCs in
cGVHD. Both donor and host APCs can elicit cGVHD phe-
notype in setting of CD80/86 co-stimulation—in the absence
of this co-stimulatory signal, no cGVHD developed. This
process is CD4+ T cell mediated. Their findings show that
donor APCs can cause late cGVHD in a CD4 cell dependent
mechanism in setting of appropriate co-stimulatory signals.
This finding provides additional therapeutic targets for pre-
vention of cGVHD.

B Cells and Humoral Immunity

B Cell and B-Cell Activating Factor (BAFF)

The role of donor B cells in mediating chronic GVHD by
antibody-mediated targeting of recipient tissues was first
reported by Sarantopoulous et al. [17]. B-cell activating fac-
tor (BAFF) is known to be a key regulator of normal B-cell
homeostasis in humans [28] and high BAFF levels have been
found in patients with a variety of autoimmune diseases. A
total of 104 patients who had undergone allogeneic HSCT
between 1994 and 2005 for hematologic malignancies were
studied. Enzyme-linked immunosorbent assay (ELISA) was
used to measure plasma BAFF levels, and flow cytometry
was used to assess BAFF receptor expression on B cells in
patients with or without chronic GVHD. These plasma sam-
ples were collected prospectively at predetermined time
points and BAFF levels were correlated with clinical out-
comes. BAFF levels were significantly higher in patients
with active chronic GVHD compared with those without dis-
ease (P = 0.02 and 0.0004, respectively). Patients treated
with glucocorticoids showed reduction in BAFF levels, sug-
gesting this correlation with disease severity. Furthermore, it
was noted that BAFF levels were high post-HSCT and
declined in patients who never developed chronic GVHD. In
contrast, BAFF levels remained elevated in patients who
developed clinical manifestations of cGVHD. Six-month
BAFF levels > 10 ng/mL were strongly associated with sub-
sequent development of chronic GVHD (P < 0.0001).
Following transplant, plasma BAFF levels correlated
inversely with BAFF receptor expression on B cells
(P = 0.01), suggesting that soluble BAFF affected B-cells
through this receptor [29].

Fujii et al. [30] demonstrated variation in biomarker levels
based on early (3—8 months post-HSCT) versus late >
9 months post-HCT). Soluble B cell activation factor
(sBAFF), anti-dsDNA antibody, soluble interleukin-2 recep-
tor alpha (sIL-2Ra), and soluble CD13 (sCD13) were ele-
vated in patients with early-onset cGVHD compared with
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controls. Soluble B-cell activation factor and anti-dsDNA
were elevated in patients with late-onset cGVHD. This pre-
vious finding suggests that the pathophysiology of cGVHD
is heterogeneous with different mechanisms operative at dif-
ferent time-points following HSCT.

Auto-antibodies

The role of stimulatory auto-antibodies in platelet-derived
growth factor receptors (PDGFR) was studied by Svegliati
et al. [31] in sclerotic cGVHD. Based on clinical evidence of
agonistic antibodies toward PDGFR in patients with sys-
temic sclerosis, they tested 39 post-HCT patients with
cGVHD for presence of stimulatory auto-antibodies to the
PDGFR. They detected the presence of stimulatory antibod-
ies to the PDGFR in all patients with extensive cGVHD, but
none in the patients without cGVHD. Their finding also sup-
ports the use of tyrosine kinase inhibitors (such as imatinib)
as therapeutic agents in scleroderma by virtue of its anti-
PDGFRA activity. Wechalekar et al. [32] studied, in 13 HCT
recipients, the presence of auto-antibodies in rheumatoid
factor (RF), antinuclear antibody (ANA), double-stranded
DNA (dsDNA), antimitochondrial antibody, antismooth
muscle antibody (AntiSm), antiendomysial, antireticulin
antibodies, antithyroid peroxidase antibodies, and an extract-
able nuclear antigen screen. All the patients with antibodies
had cGVHD, whereas none of the patients without cGVHD
had any auto-antibodies (P = 0.025). Three of the patients
(23 %) had only one autoantibody and three others (23 %)
had more than one auto-antibody. ANA was positive in three
patients (23.3 %), dsDNA in four patients (30.7 %), RF in
one patient (7.6 %), and anti-smooth muscle in two patients
(15.3 %). In the present study, auto-antibodies were detected
predominantly in patients with the presence of cGVHD. They
also appeared to be more frequent in an unmanipulated graft
and less frequent in patients with a T-cell depleted allograft.

Allo-antibodies

In procedures in which the donor is female and the recipient
male, allogeneic antibodies can develop against minor histo-
compatibility antigens in the recipients encoded on the Y
chromosome (HY-antibodies). Miklos et al. [33] studied the
temporal association between appearance of these
HY-antibodies (HY-Abs) and cGVHD in 136 adult female-
to-male transplant patients by measuring plasma immuno-
globulin G against six common HY-antigens in the post-HCT
period. In their analysis, 57 % of male recipients of female
HPCs had positive serology for one of the six common
HY-Abs. These HY-Abs were persistently seropositive in
patients who later developed cGVHD, and detection of mul-

tiple HY-Abs at three months, as represented by the HY
score, co-related with increased risk of cGVHD and non-
relapse mortality. Thus a high HY score with clinical risk
factors will identify patients who may benefit from B-cell
depleting therapies given prophylactically around three
months post-HSCT.

Therapeutic approaches: B-cell targeting by anti-CD-20
monoclonal antibody: rituximab has been successfully used
as a prophylactic strategy post-HSCT to prevent cGVHD
[34]. Newer strategies to inhibit B-cells include clinical trials
with Bruton Tyrosine Kinase inhibitors [35] (NCT02195869)
and Spleen Tryosine Kinase [36] inhibitors (NCT02701634).

Natural Killer (NK) Cells

Natural killer (NK) cells were prospectively studied as part
of immune reconstitution post-allogeneic HSCT in 57
patients by Abrahamsen et al. [12]. Blood and bone marrow
samples were collected 3, 6, and 12 months after transplanta-
tion for analysis of immune reconstitution. Flow cytometric
analysis was used for immunophenotyping T cell subsets. To
assess the effect of chronic GVHD on immune reconstitu-
tion, patients with extensive chronic GVHD were compared
to those with no or limited chronic GVHD. CD19+ B cell
counts tended to be lower (P = 0.5 at 3 months, P = 0.018 at
6 months and P = 0.5 at 12 months) and the CD3+ T cell and
CD3+CD8+ T cell counts tended to be higher (P = 0.24 and
0.31 at 3 months, respectively, P =0.72 and 0.85 at 6 months,
respectively, P =0.75 and 0.50 at 12 months, respectively) in
the patients with extensive chronic GVHD throughout the
study period. CD3-CD16+/56+ NK-cell counts were lower
in the patients with extensive chronic GVHD compared to in
the patients with no or limited chronic GVHD. This differ-
ence was statistically significant at all time points (P =0.019,
P =0.021 and P = 0.031, respectively).

Inflammatory Cytokine Biomarkers

Most studies of chronic GVHD support that elevated levels
of inflammatory biomarkers (soluble factors) and donor T
cells (cellular factors) work in concert to initiate and propa-
gate cGVHD. Most of these proinflammatory cytokines are
produced by host tissue due to damage by prior conditioning
regimens that then increase the expression of receptors on
APCs involved in the cross-presentation of polypeptide pro-
teins, such as minor histocompatibility antigens, to the donor
lymphocytes that mediate GVHD. The common biomarkers
implicated in cGVHD will be listed below.

Dander et al. [13] studied peripheral blood samples
obtained from 51 patients post-allogeneic cell transplanta-
tion and patients developing GVHD were monitored for
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presence of TH-17 cells by ELISPOT or flow cytometry.
Plasma cytokine levels were measured by ELISA. TH-17
cell population was increased (up to 4.8 % of peripheral
blood CD4+T lymphocytes) in patients with acute GVHD
and (up to 2.4 %) in patients with active chronic GVHD. In
contrast, the percentage of TH-17 cells drastically decreased
in patients with inactive chronic GVHD. TH-17 cells con-
sisted of both interleukin (IL)-17+/interferon (IFN)-y— and
IL-17+/TFN-y+ subsets and expressed IL-23 receptor and the
latter were able to infiltrate GVHD lesions when biopsy of
target organs was done—Ileading to the implication that this
T cell subset has a role in cGVHD. TNF-a was significantly
increased in patients presenting with aGVHD (mean 49 pg/
mL, range 3.6-176 pg/mL, n = 10) and cGVHD (mean
28 pg/mL, range 4.8-77 pg/mL, n = 14). Similarly, IL-6 lev-
els were strongly enhanced in patients with aGVHD (mean
62 pg/mL, range 1-407 pg/mL) and active cGVHD. IL-8
cytokine levels were significantly elevated in patients with
aGVHD (mean 20.8 pg/mL, range 3.9-49.1 pg/mL) and
active cGVHD (mean 22.4 pg/mL, range 3.8-125 pg/mL)
compared with healthy donors.

Rozmus et al. [14] prospectively studied mRNA levels of
IFN—y,IL-2,IL-4, and IL-10 in peripheral blood mononu-
clear cells after nonspecific mitogen stimulation with PMA/
Tonomycin or T cell stimulation with anti CD-3 in patients
with cGVHD and compared age matched controls of post-
HSCT patients without GVHD. They hypothesized distinct
Th1/Th2 cytokine profiles associated with early (3—8 months
post-HSCT) and late (> 9 months post-HSCT) cGVHD. In
their analysis, early onset cGVHD was characterized by
decreased expression of IFN—y and IL-2 mRNA after PMA/
Ionomycin stimulation. Late cGVHD was associated with
decreased IL-2 and IL-4 mRNA expression after anti CD-3
antibody stimulation. Interestingly, elevated IFN—y mRNA
expression predicted absence of early and elevated IL-2, and
IL-4 mRNA predicted absence of late cGVHD. Hence, early
cGVHD was associated with decreased Thl cytokine
response and late cGVHD was associated with decreased
Th2 cytokine response. Since the early cytokine response
was independent of antiCD-3 antibody stimulation, the
authors speculated that these responses may be NK-cell
mediated. NK cells may modulate cytokine responses via
dendritic cells (DCs). IFN—y production by NK cells can
stimulate expression of co-stimulatory molecules on DCs
and increase secretion of IL-12, TNFa and skew immune
response toward Thl cytokine response. In the late phase of
cGVHD, NK cells can cause direct lysis of T cells, inhibition
of donor T cell proliferation, and induction of T cell
apoptosis.

Pratt et al. [15] studied cytokine profiles of 153 patients
undergoing HSCT using reduced intensity conditioning with
Busulphan, fludarabine, and ATG, and using methotrexate
and cyclosporine prophylaxis. Blood was drawn on approxi-

mately days 7 and 28. Serum levels of cytokines were
determined using sandwich ELISA. They used a discovery
cohort of 53 patients and a validation cohort of 105 patients.
Serum levels of B cell-activating factor, vascular endothelial
growth factor, soluble TNF-a receptor 1, soluble IL-2 recep-
tor a, IL-5, IL-6, IL-7, IL-15, g-glutamyl transpeptidase,
cholinesterase, total protein, urea, and ATG. The investiga-
tors identified that patients with low levels of IL-15
(<30.6 ng/L) on day 7 had a 2.7-fold higher likelihood of
developing significant cGVHD—requiring treatment—com-
pared to patients with higher IL-15 levels. This was validated
by a cohort of 105 similarly-treated patients; those with low
IL-15 levels had a 3.7-fold higher likelihood of developing
significant cGVHD (P = 0.001). In their analysis, low IL-15
levels as early as day 7 post-HSCT was predictive of cGVHD
later on.

Kitko et al. [16] used protein microarray and subsequent
sequential enzyme-linked immunosorbent assay to compare
17 patients with treatment-refractory de novo-onset cGVHD
and 18 time-matched control patients without acute or
chronic GVHD to identify five candidate proteins that distin-
guished cGVHD from no cGVHD: the proteins studied were
CXCL9, IL2Ra, elafin, CD13, and BAFF. Of these five can-
didate proteins, chemokine (C-X-C motif) ligand 9 (CXCL9)
had the most significant association with cGVHD. CXCL9 is
an IFN-y inducible ligand for chemokine (C-X-C motif)
receptor 3 (CXCR3), which is expressed on effector CD4+
Thl cells and CD8+ cytotoxic T lymphocytes. CXCL9 is
associated with lymphocyte trafficking as it influences the
migration patterns of effector T cells to inflamed tissue.
Interestingly, the CXCR9 serum levels were found to be ele-
vated at onset of cGVHD diagnosis, but on follow-up three
months later the levels returned to baseline. This indicates
that CXCL9 expression may be critical in initiation of
cGVHD by helping to bring effector T cells to sites of
cGVHD.

Yu et al. [37] used pooled plasma samples from patients who
developed cGVHD and compared them with matched samples
drawn at pre-determined time points from a cohort of patients
post-HSCT who were GVHD-free. A proteomics-based
approach was used to identify potential biomarkers that may be
predictive of cGVHD. Out of an initial set of 24 potential bio-
markers, a panel of four lead biomarkers(ST2,CXCL9,Matrix
metalloproteinase 3, and osteopontin) was determined to have
significant prognostic value for subsequent development of
cGVHD. This was confirmed in a validation cohort of 172
patients and serum samples drawn on day +100 [37].

Therapeutic approaches: Based on cytokine markers
showing increased IL-6 expression in acute and cGVHD set-
tings, attempts have been made to treat patients with refrac-
tory acute and chronic GVHD with the IL-6 monoclonal
antibody tocilizumab [38]. In a small trial with eight patients
(n = 6 with aGVHD and n = 2 with cGVHD), tocilizumab



2 Pathophysiology and Immunology of Chronic Graft-Versus-Host Disease 19

was given every three to four weeks and was generally well
tolerated apart from transient transaminitis. Four patients
with acute and one patient with chronic GVHD responded to
anti-cytokine therapy with tocilizumab, indicating that larger
studies are warranted to fully ascertain the role of this agent
in the treatment of refractory GVHD.

Genetic Polymorphism

Investigators have attempted to look at the role of polymor-
phisms of non-HLA genes coding for inflammatory cyto-
kines such as IL-1, IL-6, IL-10 and TNF-a, which may have
a role in cGVHD. Cavet et al. [39] found positive correla-
tions between IL-6 and IFN—y polymorphism and Callup
et al. [24] found a similar correlation between IL-1o and sub-
sequent development of cGVHD. This finding indicates that
a certain subset of individuals are more prone to develop
manifestations of GVHD based on genetic polymorphisms
and if a recipient is a known carrier of these genes, more
aggressive prophylactic GVHD prevention strategies may be
indicated as part of a prospective clinical trial.

Conclusion

Chronic GVHD is a vexing problem in patients receiving
allogeneic HSCT. It is the most common cause of late
morbidity and mortality in patients post-HSCT and is
exceedingly difficult to treat in steroid-refractory cases.
Identification of diagnostic biomarkers has great practical
importance, as it will facilitate early institution of appro-
priate therapy, and predictive biomarkers (such as low
IL-2 levels or PDGRF-a antibodies) may help guide type/
intensity/duration of therapy. Progress in this area has
been slow, owing in part to the fact that cGVHD is a het-
erogeneous disease, and prior to wide acceptance of NIH
consensus criteria there was no uniformity in defining and
staging of disease. Further drawbacks include lack of pro-
spective trials in this field as most investigators use retro-
spective patient specimens to co-relate with cGVHD
onset. Another drawback is using plasma cytokine or
immune cell subpopulations as surrogates for cGVHD,
and limited data is available from actual tissue biopsies
from sites of end organ damage such as skin, liver, or GI
tract. Despite these drawbacks, investigators have been
able to define alternations in (1) immune subsets such as
an increase in CD3+ T cells, Th17 cells ,CD4+, CD8+
cells, monocytes, and a deficiency of Tregs, NK cells, and
naive CD8+ cells; (2) inflammatory milieu with increase
in pro-inflammatory markers such as TNFa, IL-10, BAFF,
and down-regulation of cytokines such as IL-15, IL-2,
and TGF f; and (3) presence of gene polymorphisms in
genes coding for inflammatory cytokines such as IL-1,
IL-10, IL-6, and TNFa, and presence of auto-antibodies

against PDGFRa and dsDNA. Further research in this
area of biomarkers for cGVHD should promote opportu-
nities for early diagnosis and directed therapy, thereby

reducing the burden of morbidity and mortality caused by
cGVHD.
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Clinical Presentation of Acute
Cutaneous Graft-Versus-Host Disease

Jonathan A. Cotliar

Acute cutaneous graft-versus-host disease (aGVHD) has a
variety of clinical presentations. In the early posttransplanta-
tion setting, histologic confirmation of aGVHD via skin
biopsy is frequently equivocal. Additional clinical informa-
tion may be necessary to differentiate aGVHD from its clini-
cal mimickers such as viral exanthema, morbilliform drug
eruptions, engraftment syndrome (ES), pre-engraftment
syndrome (PES), and in severe cases, Stevens-Johnson syn-
drome (SJS) and toxic epidermal necrolysis (TEN) [1-3].

Diagnosing and Staging/Grading
Acute GVHD

Chapter 6 outlines the diagnosis and staging/grading of
aGVHD.

Clinical Manifestations of Acute GVHD

The skin is the most common site of involvement of aGVHD,
whether or not extracutaneous features develop. In addition,
cutaneous aGVHD is typically the earliest presenting feature
of the disease. No systematic prospective studies have been
rigorously conducted to determine the most common clinical
presentation or anatomic site of distribution for aGVHD, but
numerous case series have elucidated the heterogeneity with
which aGVHD may present at the bedside. The many differ-
ent morphologies that may develop in aGVHD are illustrated
in the rest of this chapter.
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Erythema

Erythema in aGVHD may be patchy or confluent, and may
have associated pruritus or dysesthesia [4]. Frequently, ery-
thema develops first on the ears, the hands (palmar or dorsal
surface), or both. It may later generalize to the rest of the
body (Figs. 3.1, 3.2,3.3, 3.4, 3.5, 3.5, and 3.7).

Fig.3.1 Erythema of the face with accentuation of the ear
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Fig. 3.2 Erythema of the ear

Fig. 3.4 Palmar erythema (Note microvesicles that herald edema.)

Fig. 3.3 Palmar erythema

Fig. 3.5 Erythema of the palm
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Follicular Accentuation

Prominence of hair follicles (whether overlying erythema is
present or not) is typical of aGVHD [5]. Such prominence is
often misdiagnosed as folliculitis, but it typically heralds the
involvement of aGVHD within the follicular epithelium
(Figs. 3.8 and 3.9).

a

Fig. 3.6 Patchy erythema of the trunk and arms

Fig. 3.8 Erythema of the arm with follicular accentuation

Fig. 3.7 Confluent erythema of the back

Fig.3.9 Erythema with follicular accentuation of the leg
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Morbilliform Lesions

Morbilliform aGVHD is among the most common presenta-
tions [6]. Eruptions are erythematous macules and papules
that may coalesce into larger papules and plaques, which are
symmetric and are often pruritic. This presentation may clin-
ically mimic viral exanthema or drug eruptions (Figs. 3.10,
3.11,3.12, and 3.13).

Fig. 3.12 Morbilliform lesions on the thighs

Fig. 3.13 Morbilliform lesions diffusely located on the trunk

Fig. 3.10 Morbilliform lesions on the dorsal forearms/hands

Fig.3.11 Morbilliform lesions on the chest and abdomen
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Erythroderma

Erythrodermic aGVHD presents with confluent erythema-
tous patches that mimic severe viral exanthema, drug reac-
tions, psoriasis, eczematous dermatitis, cutaneous T-cell
lymphoma, or staphylococcal scalded skin syndrome (SSSS)
(Fig. 3.14). When mucous membrane lesions are present,
there are no clinical or histologic differences between skin
stage 4 aGVHD and toxic epidermal necrolysis (TEN) [7-9].
If extracutaneous features of aGVHD are present, diagnosis
may be possible via tissue confirmation at involved sites. If
extracutaneous features of aGVHD are absent, review of
clinical symptoms and their development in relation to initia-
tion of medications is mandatory. Viral serologies and/or
quantification of viremia via polymerase chain reaction
(PCR) testing of the blood may aid in the diagnosis of an
erythrodermic viral exanthem, such as those caused by HHV-
6. Concurrent empiric treatment of aGVHD, viral infection,
and TEN may be necessary if a clear diagnosis cannot be
rendered.

Fig. 3.14 Confluent erythema with scale mimicking staphylococcal
scalded skin syndrome (SSSS)

Reticulated Patterns

Acute GVHD may present in a reticulated, netlike pattern
(Fig. 3.15).

Fig. 3.15 Erythematous, reticulated patches on the distal legs and feet



26 J.A. Cotliar

Desquamation

Superficial desquamation is typical of a variety of
inflammatory dermatoses, whether or not patients are hema-
topoietic stem cell transplantation (HSCT) recipients. In
aGVHD, desquamation may develop as skin lesions resolve,
or it may appear at presentation. Desquamation may be super-
ficial, deep, focal, or more generalized, in which case it may
mimic SJS, TEN, or SSSS (Figs. 3.16, 3.17, 3.18, and 3.19).

Fig.3.16 Erythema and diffuse superficial desquamation

Fig. 3.19 Erythema with sheet-like desquamation mimicking toxic
epidermal necrolysis (TEN)

Fig. 3.17 Erythema with deeper desquamation
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Bullae Papules

Rarely, bullous aGVHD may develop (Fig. 3.20). Papular aGVHD may mimic papular eczema or papular urti-
caria (Figs. 3.21 and 3.22).

Fig. 3.20 Erythema of the right dorsal hand and fingers with a tense

Fig.3.21 Erythematous, scaly papules on the right arm and shoulder
bulla on the fourth finger

Fig. 3.22 Close-up image of erythematous, scaly papules on the thigh
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Conclusion

Familiarity with the many presentations of aGVHD and
its clinical spectrum is imperative in the care of patients
after HSCT. Recognition of this variability can ensure
that accurate and immediate treatment of aGVHD is initi-
ated to improve outcomes for affected patients.
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Clinical Presentation of Mucosal Acute
and Chronic Graft-Versus-Host Disease

Lauren Curtis, Rachel I. Kornik, Jacqueline W. Mays,

and Haley B. Naik

Graft-versus-host disease (GVHD) may affect any mucosal
site and is a significant source of patient morbidity. Acute and
chronic GVHD at various mucosal sites share similarities in
symptoms, clinical signs, and histopathologic features. Early
and accurate diagnosis of GVHD, in conjunction with timely
intervention, is key to minimizing discomfort and unneces-
sary medication exposure, and to preventing irreversible
organ damage and functional deficits. In stem cell transplant
patients, GVHD must be distinguished from other causes of
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mucosal inflammation and discomfort, including medication
effect, infection, and malignancy. Careful surveillance of
mucosal sites is key to prevention, detection, and manage-
ment of GVHD and other complications of stem cell trans-
plantation. Significant advances in our understanding of the
presentation and pathogenesis of GVHD continue to drive
further clarification of classification, staging, and manage-
ment of GVHD at mucosal sites (Figs. 4.1, 4.2,4.3,4.4, 4.5,
and 4.6; Tables 4.1, 4.2,4.3, 4.4, 4.5, and 4.6).
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Fig. 4.1 Ocular graft-versus-host disease. Ocular GVHD can affect
almost every structure of the eye. Distinctive characteristics of chronic
ocular GVHD include keratoconjunctivitis sicca, confluent areas of
punctate keratopathy, and cicatricial conjunctivitis. (a) Acute ocular
GVHD can present with pseudomembranous conjunctivitis and
sloughing of the cornea, which can be visualized using fluorescein dye
staining or slit lamp examination. (b) Complete loss of eyelashes may
also be seen in the setting of acute ocular GVHD. (¢) In chronic ocular
GVHD, punctate keratopathy involving the cornea and conjunctiva can

be seen in the setting of keratoconjunctivitis sicca, or dry eye syndrome,
and can be visualized with the aid of dyes including fluorescein,
lissamine green (as shown), and rose Bengal. (d) Blepharitis, or inflam-
mation of the eyelids, may also be observed and can lead to trichiasis—
ingrowth or misdirection of eyelashes, which can result in corneal
abrasion. (e) Chronic inflammation of the ocular mucosa can lead to
conjunctival fibrosis, which can be visualized with eyelid eversion
(Photos courtesy of Manuel B. Datiles I1I, MD)
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Fig. 4.2 Diagnostic and distinctive features of oral GVHD. Chronic
GVHD may be clinically diagnosed by the presence of lichen planus—like
hyperkeratosis on the oral mucosa in a patient who has undergone stem
cell transplantation. (a) Chronic GVHD may present as white reticulate,
hyperkeratotic plaques on the buccal mucosa. (b) Erythema, hyperkera-
totic plaques, and pseudomembranous ulceration may be observed in

chronic GVHD. Acute GVHD may have a similar ulcerated presentation
with mild erythema and without hyperkeratotic plaques. (¢) Mucocutaneous
candidiasis, presenting here as white plaques on the posterior soft palate
and anterior pillar of fauces (arrows) and yellow-coated tongue, can
mimic acute or chronic GVHD but is generally accompanied by a burning
sensation relieved with topical and systemic antifungal therapy
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Fig. 4.4 Palatal changes in oral chronic GVHD. Alterations in the
palatal mucosa may be seen in chronic GVHD. (a) Palatal hyperkerato-
sis, erythema, and ulceration may be present on the hard palate and soft
palate in chronic GVHD. (b) The presence of mucoceles is a distinctive,
but not diagnostic, sign of oral chronic GVHD. Mucoceles occur when
the ductal openings of the minor salivary glands are blocked, either with

foreign material or because of lymphocytic infiltrate in the underlying
skin or salivary glands. These are most commonly seen on the lower
labial mucosa and at the junction between the hard and soft palate.
Though typically painless, mucoceles may be bothersome and slow to
resolve. (¢) Milder changes involving the palate, such as a mottled red
and white discoloration, may also be seen in chronic GVHD

<
<

Fig. 4.3 Oral ulcerations in post-transplant patients. Ulcerations may
occur at any site on the oral mucosa, including the roof of the mouth,
buccal mucosa, tongue, gingiva, vestibules, and lips. Establishing a clear
diagnosis is critical for successful treatment. Ulcers may result from
GVHD, viral infection, systemic medications or other causes. (a) Acute
GVHD may present as mucositis involving any site on the oral mucosa
(Photo courtesy of Robert Range, DDS). (b, ¢) Pseudomembranous
ulcerations in chronic GVHD occur in many forms, and may eventually
lose their pseudomembranous covering. Common sites include the base
of the ventral tongue and the buccal mucosa. (d) Chronic GVHD may

present on the cutaneous lip as wide, irregularly shaped ulcers in the set-
ting of white lacy lesions, chapping, or generalized superficial hyper-
keratosis of the cutaneous lip. (e) Ulcerations on the cutaneous lip may
also be caused by viruses, including herpes simplex virus (HSV). HSV
presents as clustered vesicles that, when unroofed, leave punched-out
ulcerations. (f) Sirolimus, and less frequently other mTOR inhibitors,
may induce isolated painful oral ulcerations, mucositis, or stomatitis.
These findings typically occur in the setting of supratherapeutic serum
drug levels and resolve with adjustment of drug dose. Palliative care may
be required to help reduce oral pain until resolution of the ulcers
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Fig. 4.5 Tongue changes in post-transplant patients. The tongue is a
sensitive indicator of changes in the post-transplant period. In the set-
ting of long-standing xerostomia or prolonged oral chronic GVHD, the
tongue may lose its filiform and fungiform papillae, resulting in smooth
appearance of the dorsal tongue. (a) When xerostomia is induced by
chronic GVHD, associated white hyperkeratotic plaques may also be

seen on the dorsal surface. (b) Hyperkeratotic plaques on the dorsal
tongue may also be patchy and intermixed with patches of atrophy and
erythema. (¢) Chronic GVHD may induce isolated or multiple tufted,
hyperkeratotic papules and plaques on the dorsal tongue, which require
careful monitoring and evaluation with diagnostic biopsy to assess for
human papillomavirus (HPV) or secondary malignancy
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Fig.4.6 Genital GVHD. Chronic GVHD of the genitals may manifest
as erythema, white plaques, erosions, fissures, ulcerations, or signifi-
cant scarring resulting in loss of normal genital anatomy if not diag-
nosed at an early stage. Symptoms include vaginal dryness, pruritus,
dyspareunia, and pain to touch around the introitus, particularly con-
centrated at the Skene’s and Bartholin’s duct openings. Genital GVHD
may occur alone, but typically is associated with involvement of other
mucosal sites [1]. (a) Chronic lichen planus-like GVHD of the genital
mucosa is characterized by reticulate leukokeratosis (Wickham striae)
overlying erythematous patches or erosions and can lead to complete
resorption of the labia minora (arrow), clitoral hood agglutination
(arrowhead), and narrowing of the vaginal orifice (double arrowhead).
The vagina should always be examined for involvement in all forms of

GVHD. (b) Erosive GVHD is characterized by painful erosions and
ulcerations favoring the modified mucous membranes of the labia
minora, perineum, clitoral prepuce, vestibule, and vaginal mucosa. The
resulting vaginal stenosis, synechiae, and labial adhesions often require
surgical correction to maintain sexual and urinary function and to pre-
vent hematocolpos [2]. (¢) Lichen sclerosus—like GVHD is character-
ized by waxy, hypopigmented plaques (arrow) and loss of genital
structures secondary to scarring. Agglutination of the labia minora
(arrowhead) and clitoral hood scarring (double arrowhead) may be
seen. (d) Male genital GVHD is not well characterized. Reported pre-
sentations include appearances resembling lichen planus (arrow) or
lichen sclerosus, phimosis, meatal scarring [3], and Peyronie’s disease
[4]. Coronal fusion (arrowhead) may also be seen
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Table 4.1 Differential diagnosis of ocular graft-versus-host disease by clinical features

Ocular irritation or pain [5,

Conjunctival injection (“Red

Xerophthalmia [5] 6] Eye”) [5] Cicatricial conjunctivitis [7, 8]
DDx Drug-induced® Infection® Infection® Autoimmune diseases (ocular

Injury secondary to total | Trauma Glaucoma cicatricial pemphigoid)

body irradiation Allergy Postinfectious conjunctivitis

Infection® Chemical irritant Ocular rosacea
Other medical Corneal abrasion Atopic keratoconjunctivitis
conditions® Subconjunctival
hemorrhage
Useful Tests Schirmer tear test Slit lamp examination® Slit lamp examination® Slit lamp examination®

conjunctival staining?

Tear film breakup time Corneal and/or conjunctival
Meibomian gland exam | staining?

Tear osmolarity Conjunctival or corneal
measurement sampling for
Corneal and/or microbiological evaluation

Measurement of intraocular
pressure

Corneal and/or conjunctival
staining?

Conjunctival or corneal
sampling for
microbiological evaluation

Eversion of upper and lower lids
Conjunctival or corneal sampling
for microbiological evaluation
Conjunctival biopsy + direct
immunofluorescence

DDx differential diagnosis

2Main culprits: antihistamines, beta-blockers, anticholinergics, thiazide diuretics, selective serotonin reuptake inhibitors [9]

"Bacterial (Streptococcus, Staphylococcus), viral (adenovirus, herpes simplex virus, cytomegalovirus), fungal (Fusarium, Aspergillus)
‘Diabetes, thyroid disorder, vitamin A deficiency, environmental allergies
4With fluorescein (conjunctival and corneal staining), rose Bengal (conjunctival staining), and/or lissamine green (conjunctival staining), depend-

ing on availability and provider preference [10]
*To examine structures in the anterior eye

Table 4.2 Differential diagnosis of oral graft-versus-host disease by clinical features

Oral erosions and

Xerostomia ulcerations Mucosal erythema White patches and plaques
DDx Drug-induced hyposalivation® | Drug-induced® Gingivitis Wipes away with gauze
Dehydration Viral infection® Erythematous candidiasis Candidiasis/thrush
Injury secondary to total body Irritant or allergic contact Pseudomembrane
irradiation mucositis Fixed
HPV-reactive hyperkeratotic
plaque
Leukoplakia
Secondary malignancy (SCC)
Useful tests Increase patient liquid intake | Assess plasma levels of | Assess for local irritating KOH preparation and fungal

Review medication list for
anticholinergic agents
Palpate major salivary glands
to observe saliva expression
Minor labial salivary gland
biopsy to assess for
histopathologic features of
GVHD

Consider trial of cholinergic
agonist drug

offending drug®

Viral direct fluorescent
antibody, PCR and/or
culture

Incisional mucosal
biopsy of affected,
intact tissue adjacent to
defect

factors (heavy dental

KOH preparation and
fungal culture for Candida
Incisional mucosal biopsy

calculus, poor oral hygiene)

culture for Candida
Incisional mucosal biopsy

DDx differential diagnosis, GVHD graft-versus-host disease, HPV human papillomavirus, KOH potassium hydroxide, PCR polymerase chain reac-

tion, SCC squamous cell carcinoma

“Main culprits: antidepressants, antihistamines, anxiolytics, decongestants, diuretics, muscle relaxants, and agents for neuropathic pain

"mTOR inhibitor

‘Herpes simplex, herpes zoster, coxsackie, cytomegalovirus, Epstein-Barr virus
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Table 4.5 National Institutes of Health Guidelines for chronic graft-versus-host disease mucosal organ severity scoring

Score 0 Score 1 Score 2 Score 3
Eyes No symptoms Mild dry eye symptoms Moderate dry eye symptoms | Severe dry eye symptoms
not affecting ADL partially affecting ADL significantly affecting ADL
(requiring eyedrops <3 x (requiring drops >3 X per (special eyewear to relieve
per day) day or punctal plugs), pain) or unable to work
without new vision because of ocular symptoms or
impairment due to KCS loss of vision caused by KCS
Mouth No symptoms Mild symptoms with Moderate symptoms with Severe symptoms with disease
disease signs but not disease signs with partial signs on examination with
limiting oral intake limitation of oral intake major limitation of oral intake
significantly
Genital (male or No signs Mild signs, and females Moderate signs, and may Severe signs, with or without

female)

may have symptoms®* with
discomfort on exam”
Females (any of
following):

Erythema on vulvar
mucosal surfaces
Vulvar lichen planus
Vulvar lichen sclerosis
Males:

Lichen planus-like
features

have symptoms with
discomfort on exam®
Females (any of following):
Erosive inflammatory
changes of the vulvar
mucosa

Fissures in vulvar folds
Males (any of following):
Lichen sclerosus—like
features

Moderate erythema

symptoms Females (any of
following):

Labial fusion

Clitoral hood agglutination
Fibrinous vaginal adhesions
Circumferential fibrous vaginal
banding

Vaginal shortening
Synechia

Dense sclerotic changes
Complete vaginal stenosis
Males (any of following):
Phimosis

Urethral/meatal scarring

Adapted from Jagasia et al. [23]

ADL activities of daily living, KCS keratoconjunctivitis sicca.
ASymptoms are not specific and can represent premature gonadal failure or infection
To be determined by specialist or trained medical provider; discomfort is defined as vulvar pain elicited by gentle touch with cotton swab to any
of the following sites: vestibular glands, labia minora or majora
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Histopathology of Cutaneous Graft-
Versus-Host Disease

Cuong V. Nguyen, Christiane Querfeld,

and Daniel D. Miller

Precise diagnosis of graft-versus-host disease (GVHD)
remains elusive. The skin is one of the major organ systems
affected by GVHD, but diagnosis of this entity in a timely
manner is often hindered by clinical and histopathologic
mimickers, such as drug hypersensitivity reactions, viral
exanthema, and toxic erythema of chemotherapy.
Microscopic findings in acute and chronic cutaneous GVHD
are reviewed here, as are features of other entities in the clin-
ical and histopathologic differential diagnosis.

Acute Graft-Versus-Host Disease

The fundamental inflammatory process in acute graft-versus-
host disease (GVHD) is that of a vacuolar interface dermati-
tis—that is, a cytotoxic T-cell attack directed at epidermal
keratinocytes and other cutaneous epithelial structures.
According to the NIH Pathology Working Group [1], histo-
logic confirmation of acute GVHD, regardless of staging,
requires the presence of necrotic keratinocytes. Apoptosis
can be present at the Malpighian layer (basal epidermis), the
follicular outer root sheath, or the acrosyringium. In acute
GVHD (aGVHD), features of chronic GVHD (cGVHD)
should be absent (see below for details of histologic diagno-
sis of cGVHD). However, in patients diagnosed clinically
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with late-onset aGVHD (>100 days), histologic features of
cGVHD have been concurrently identified in up to 40 % of
patients [2]. These patients are at greater risk of complete
progression to cGVHD.

Consensus on the utility of cutaneous biopsy to evaluate
for aGVHD remains inconsistent. Of clinicians from 25 cen-
ters in Germany, Austria, and Switzerland, only 62 % felt
that skin biopsy was necessary for diagnosis of aGVHD [3].
Disagreement was based on (1) lack of discriminating fea-
tures to distinguish aGVHD from other diagnoses, (2) opin-
ion that biopsy is necessary only when atypical clinical
features are present, and (3) center policy to perform a biopsy
only if the clinical course warrants it. The decision to treat
aGVHD is often more dependent on the clinical picture than
on biopsy findings, which correlate poorly with clinical
severity [4]. This discrepancy is likely to be partially the
result of high interobserver variability in the histopathologic
diagnosis of aGVHD.

In a 2013 study, four expert pathologists reviewed 15
biopsies of aGVHD and its histologic mimickers [5]. When
the pathologists were blinded to the clinical data, diagnostic
concordance was only 53 %, with the correct diagnosis ren-
dered in 33 % of cases. When detailed clinical information
was provided, concordance and correct diagnosis were
achieved in 80 %. Other studies have suggested that skin
biopsy is most useful in guiding treatment in patient popula-
tions with an aGVHD incidence less than 30 %. In popula-
tions where the incidence is greater than 30 %, patient
outcomes were better for those treated empirically without
skin biopsy [6]. However, the Consensus Conference held in
2012 by the Cutaneous Pathology Group continues to recom-
mend skin biopsy in aiding the diagnosis of aGVHD [3].

If skin biopsy is performed, at minimum a 4-mm punch
biopsy should be obtained [3]. Specimens should be acquired
prior to the initiation of systemic or topical therapies that
may alter histopathologic features. There is no consensus as
to the optimal timing of the biopsy. It has been suggested that
that biopsies should be delayed until 21 days post-
transplantation, as donor lymphocytes are not typically seen
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in the epidermis within the first 14 days [7, 8], though this
timeline is clearly patient-dependent.

Concept of Interface Dermatitis

An inflammatory dermatosis is defined as an interface der-
matitis when dermal-epidermal junction degenerative
change is present. The terms “liquefactive degeneration,”
“hydropic degeneration,” and “vacuolar alteration” have all
been used synonymously in reference to this degenerative
change. “Vacuolar alteration” was popularized by Ackerman
et al. [9] and is now the preferred term. Some authors further
separate interface dermatitis into lichenoid versus vacuolar
types [10]. In both, lymphocytes are the predominant cell
type. A robust band-like inflammatory infiltrate is present in
the lichenoid type. In contrast, a sparser inflammatory infil-
trate is seen in the vacuolar type, with spaces separating the
basal layer from the papillary dermis. These terms are not
mutually exclusive, however, as vacuolar spaces in the basal
layer can often be found concurrently with a lichenoid
infiltrate.

Histologic Grading and Microscopic Findings

In 1974, Lerner first developed a histopathologic grading
system for aGVHD [11]. This system was modified 20 years
later by Horn and Haskell [7] (Table 5.1). However, the NIH
Pathology Working Group does not recommend the use of
any preexisting grading scheme, as schemata do not correlate
with any clinical end points and are often affected by immu-
nosuppressive status [1]. Instead, they recommend four cat-
egories of histologic sign-out:

1. No evidence of GVHD
2. Possible GVHD

3. Consistent with or highly suggestive of GVHD
4. GVHD without equivocation

The histologic diagnosis of GVHD can be limited by find-
ings suggestive of concurrent infection or drug eruption, by
recent chemotherapy or radiotherapy, or by minimal foci to
suggest unequivocal GVHD.

Acute GVHD is characterized histologically by basal cell
vacuolar alteration, and may be accompanied by varying
degrees of a lymphocytic lichenoid infiltrate [12]. In con-
trast, numbers of Langerhans cells (epidermal antigen-
presenting cells) are reduced [13]. In early aGVHD, the
vacuolar change may be very subtle, and the dermis often
features only a sparse perivascular lymphocytic infiltrate
(Fig. 5.1) [14]. During this stage, orthokeratosis, parakera-
tosis (apoptotic, cornified cells with retained nuclei), or both
can be seen overlying a hypergranular layer. As the clinical
severity of aGVHD progresses, necrotic or dyskeratotic
keratinocytes (Fig. 5.2) are more frequently found and may
be present in any epidermal layer, including the follicular
epithelium (Fig. 5.3) [1, 15, 16]. Cytoid bodies, or “eosino-
philic bodies” (i.e., necrotic keratinocyte debris), are often
present either within the affected epidermis or in the imme-
diately subjacent papillary dermis [7]. Lymphocytic exocy-
tosis and satellite cell necrosis (lymphocytes in close
apposition to apoptotic keratinocytes) are inconsistent fea-
tures [16, 17]. There may frequently be a background of
cytotoxic effects including loss of epidermal polarity with
dysmaturation and atypical mitoses, often resembling low-
grade squamous dysplasia; these cutaneous toxic effects of
chemotherapy often partially limit interpretation, as cyto-
toxic agents may also produce necrotic keratinocytes [14].
Spongiosis is variable, and microvesiculation can occur [14,
18]. Vascular proliferation has been described in association
with perivascular edema, a lymphocytic infiltrate, and
prominent mast cells [19, 20]. On direct immunofluores-
cence, deposition of C3 and IgM at the dermal-epidermal
junction is present in up to 39 % of aGVHD [21].
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Table 5.1. Histologic grading scheme for acute graft-versus-host
disease

Lerner grading system

[11] Horn grading system [7]
Grade 0 Normal skin or unrelated
cutaneous disease
Grade 1 Vacuolar alteration Vacuolar alteration
Grade 2 Spongiosis and Epidermal or follicular
dyskeratosis dyskeratotic cells, dermal
(eosinophilic bodies) lymphocytic infiltration
Grade 3 Epidermolysis and Formation of
formation of bulla subepidermal clefts and
microvesicles
Grade 4 Total epidermal Epidermal separation
denudation from dermis

Fig. 5.2 Interface dermatitis with necrotic keratinocytes at and above
the epidermal basal layer, corresponding to aGVHD histologic grade 11
(H&E, 100x magnification)

Fig. 5.1 Acute vacuolar interface dermatitis. Basal keratinocyte vacu-
olization is present, with cytotoxic lymphocytes aligned along the basal
layer. Overtly necrotic keratinocytes are absent. These findings corre-
spond to acute graft-versus-host disease (aGVHD) histologic grade I,

changes considered insufficiently specific to make a definitive GVHD
diagnosis (H&E-stained section, 200x magnification) Fig. 5.3 Vacuolar interface change with necrotic keratinocytes within

follicular epithelium in aGVHD (H&E, 200x magnification)
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Clues to Histologic Diagnosis

Definitive diagnosis of aGVHD is more readily made when
histologic Grade 3 or 4 changes are identified (Fig. 5.4). In
less severe cases, given the lack of pathognomonic findings,
histologic diagnosis of aGVHD can be difficult. However,
there are several features that when taken into constellation
may help in the diagnosis of aGVHD.

Though interface dermatitis may be encountered in
GVHD, drug hypersensitivity, and viral exanthema (all
clinical considerations in the acute post-transplant period),
vacuolar alteration of adnexal structures is uncommon in
cutaneous pathology and is not typically seen in most drug
eruptions [22]. GVHD represents a prime example in
which vacuolar alteration of adnexae, principally of fol-
licular units, may be encountered (Fig. 5.3) [23]. However,
adnexal vacuolar change also may be found in systemic
lupus erythematosus (SLE) and toxic erythema of chemo-
therapy (TEC). Theoretically, it may also be found in der-
matomyositis, but this has not been consistently reported
in the literature. Because of the uneven distribution of
cutaneous adnexal structures, level sections should be
obtained to search for follicular units and sweat gland epi-
thelium when there is a high clinical index of suspicion for
aGVHD.

In addition to involvement of the follicular epithelium,
diagnosis of aGVHD is more suggestive in the absence of
eosinophils. However, the presence of eosinophils does not
completely exclude a diagnosis of aGVHD until more than
16 eosinophils per 10 high power fields (HPF) are found
(Fig. 5.5) [24]. The presence of >16 eosinophils per 10
HPF is 100 % specific for a cutaneous drug eruption,
whereas >3.5 eosinophils per 10 HPF has 93 % specificity.
In the context of aGVHD, a specificity of 93 % is likely
inadequate, as a false negative diagnosis can result in sig-
nificant morbidity and mortality. However, finding at least
4 eosinophils per 10 HPF should prompt consideration of
“possible GVHD” rather than “consistent with or highly
suggestive of GVHD” as the final diagnosis.
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Fig. 5.4 Interface dermatitis (lichenoid type) with subepidermal cleft-

ing, corresponding to aGVHD histologic grade III (H&E, 100x
magnification)
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Fig.5.5 Interface dermatitis with perivascular eosinophils. These find-
ings may be seen in aGVHD, but the presence of more than 4 eosino-
phils per 10 HPF around the superficial perivascular plexus makes a
drug hypersensitivity reaction more likely. A diagnosis of “possible
GVHD” with a comment regarding tissue eosinophilia is likely the
most appropriate approach in this setting (H&E, 200x magnification)
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Differential Diagnosis of Acute GVHD

The histologic features of aGVHD are mimicked by several
entities (Table 5.2). The microscopic features of aGVHD are
largely identical to engraftment syndrome (and likely pre-
engraftment syndrome), which requires clinicopathologic
correlation. Unlike aGVHD, however, engraftment syn-
drome typically occurs 10—14 days after transplantation, spe-
cifically 48 hours before or after the first appearance of
neutrophils in peripheral blood (absolute neutrophil count
>500) [25]. This event usually precedes the appearance of
peripheral lymphocytes.

Similar to aGVHD, toxic erythema of chemotherapy
(TEC) can also present in the post-transplantation period
with necrotic keratinocytes involving the epidermis and
adnexal structures (Fig. 5.6), especially eccrine epithelium
(likely owing to the fact that chemotherapy may concen-
trate in eccrine sweat). Significant keratinocyte dysmatu-
ration and/or cytologic atypia leans toward the diagnosis
of TEC [22]. In addition, TEC also may show dermal
edema, eccrine squamous syringometaplasia, and peri-
eccrine neutrophils [26]. Theoretically, TEC is a direct
toxicity effect, a nonimmunologic process that should be
minimally inflammatory, but in practice, biopsies often
demonstrate mild perivascular lymphocytic inflammation
that does not differ significantly from that seen in many
aGVHD cases.

As discussed under clues to diagnosis, drug hypersensi-
tivity reactions such as morbilliform drug eruption are
favored in the presence of eosinophils, with >16 eosinophils
per 10 HPF ruling out aGVHD [24]. Erythema multiforme
and Stevens-Johnson syndrome/toxic epidermal necrolysis
spectrum disorders may be indistinguishable from aGVHD,
but involvement of adnexal structures and involvement of
follicular epithelium is more likely in aGVHD, as noted
above. In addition, squamatization of the basal layer and
parakeratosis or compact hyperkeratosis are more likely to
be seen in aGVHD than in erythema multiforme [27]. The
presence of bile pigment has been suggested as a marker to

differentiate aGVHD from erythema multiforme, though its
sensitivity is only 6 % [28].

Viral exanthems may also commonly mimic aGVHD
microscopically, with basal layer vacuolization seen in up to
40 % of cases [29]. Some histopathologic clues may provide
a specific viral diagnosis in limited cases. Multinucleate
keratinocytes are suggestive of herpes simplex or varicella
infection. Human herpes virus-6 may show distinctive viral
inclusions within lymphocytes: a halo surrounds the irregu-
larly shaped nuclei, which contain a central basophilic inclu-
sion [30]. Cytomegalic endothelial cell nuclei, or “owl’s
eyes,” may be found in dermal blood vessels in cytomegalo-
virus infections [31]. Serum polymerase chain reaction
(PCR) studies can be performed for confirmation when skin
biopsies suggest viral infection.

Other interface dermatoses must also be excluded from the
differential. Acute systemic lupus erythematosus (SLE) may
be the most difficult to distinguish from aGVHD, with each
revealing a sparse lymphocytic interface dermatitis, though
SLE is not a common clinical consideration in the period
immediately after transplantation. Findings of increased
mucin in the superficial dermis may help to distinguish the
two [32]. In discoid lupus or other lesions of chronic cutane-
ous lupus, more prominent superficial and deep lymphocytic
infiltrates, follicular plugging, and increased dermal mucin
deposition can be seen. Dermatomyositis may be distinguish-
able from GVHD only by the presence of increased dermal
mucin and/or C5b-9 deposition at the dermo-epidermal junc-
tion on direct immunofluorescence [33]. Both pityriasis
lichenoides et varioliformis acuta (PLEVA) and pityriasis
lichenoides chronica (PLC) reveal a sparse vacuolar interface
in early lesions. As PLEVA continues to develop, vacuolar
change becomes more extensive, and parakeratosis, a dense
wedge-shaped lymphocytic infiltrate, and prominent erythro-
cyte extravasation may be found [34]. Within the parakerato-
sis, there may be an inflammatory infiltrate composed of
neutrophils or sometimes lymphocytes. Unlike PLEVA, PLC
is more likely to have broad parakeratosis without neutrophils
and with fewer necrotic keratinocytes.
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Table 5.2. Histologic differential diagnosis of acute graft-versus-host disease

aGVHD ES TEC SJS/TEN
Epidermis Keratinocytes Necrotic + + + +
Atypical +
Lymphocytic exocytosis + +
Basal vacuolization + + + +
Dermis Perivascular lymphocytes + + +
Eosinophils + +
Neutrophils +
Edema + +
Adnexae Vacuolar alteration + + +
Necrotic keratinocytes + +
Peri-eccrine neutrophils +
Squamous syringometaplasia +

aGVHD acute graft-versus-host disease, ES engraftment syndrome, TEC toxic erythema of chemotherapy, SJS/TEN Stevens-Johnson syndrome/
toxic epidermal necrolysis
aNecrotic keratinocytes present at all epidermal layers

Fig. 5.6 Toxic erythema of chemotherapy. (a) Atypia of epidermal (b) Interface dermatitis with focal necrosis isolated to eccrine sweat
keratinocytes and multiple mitotic figures, resulting from accumulation  duct epithelium only. The absence of overlying epidermal changes is a
of cytotoxic agents within the skin. Note basal layer vacuolization and  clue to the diagnosis in this specimen (H&E, 100x magnification)
necrotic keratinocytes mimicking aGVHD (H&E, 200x magnification).
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Potential Adjunctive Tests

Given the significant adverse outcomes that can occur in
untreated aGVHD, several tools have surfaced as aids in the
diagnosis of GVHD. HLA immunostaining is utilized in
some centers, with HLA-DR staining of keratinocytes found
to be up to 100 % specific [13]. Significant recent research
has focused on identifying biomarkers of prognostic and
diagnostic significance in GVHD. Biomarker assays com-
monly utilize serum, but they can also be performed on tis-
sue via immunostains or cytogenetic tests.

The biomarker thymic stromal lymphoprotein (TSLP)
may be helpful in predicting which patients are likely to
develop aGVHD. TLSP is a keratinocyte-derived cytokine
that skews the immune response toward a Th, phenotype. In
cutaneous specimens taken 20 to 30 days after transplanta-
tion, elevated TSLP has been found in patients who later
develop aGVHD [35]. TLSP levels were not elevated in
patients who did not develop cutaneous aGVHD. A TSLP
immunostain is available as an investigational assay and
labels epidermal keratinocytes.

Of the biomarkers studied, elafin, an elastase inhibitor
expressed by the inflamed epidermis, has emerged as a reli-
able marker of aGVHD activity [36, 37]. Evaluation of elafin
can be performed on both serum and histologic skin speci-
mens. It is unclear whether elafin levels can help differentiate
aGVHD from other diagnoses, but once a diagnosis of
aGVHD has been unequivocally made, measurement of ela-
fin levels via serum ELISA can help prognosticate disease;
increased elafin levels portend a poorer prognosis [37].

Given the utility of elafin, it has recently been included
in a six-marker panel in the evaluation of aGVHD [38].
Also included in this panel were previously validated diag-
nostic biomarkers IL-2 receptor-a, tumor necrosis factor
receptor-1, hepatocyte growth factor, IL-8, and regenerat-
ing islet—derived 3-a (reg3a). The six-biomarker panel
was able to predict two clinical outcomes: which patients
would be nonresponsive at day 28 post-therapy, and mor-
tality risk at day 180 from aGVHD onset. The use of this
biomarker panel may aid in determining patients at high

risk for treatment nonresponse and mortality, supporting
the potential for earlier intervention and change in
therapeutics.

Special Situations

In patients with hematologic malignancies, the use of T-cell-
depleted (TCD) bone marrow transplants is an effective
method of reducing the risk of GVHD [39]. Similarly to
T-cell-replete transplant recipients (TCR) who develop
aGVHD, TCD patients who develop aGVHD share con-
served histologic features [40]. In these patients, a diagnosis
of aGVHD was made on the findings of diffuse basal layer
vacuolar alteration, more than three necrotic keratinocytes
per HPFE, and necrosis involving all layers of the epidermis.
In contrast to TCR patients, however, TCD patients with
aGVHD were more likely to have follicular involvement
(77 % vs 16 %), dermal eosinophils (31 % vs 3 %), dermal
neutrophils (31 % vs 0 %), satellitosis (77 % vs 24 %), lymo-
phocyte exocytosis (92 % vs 37 %), and extravasated eryth-
rocytes (69 % vs 13 %). The significance of these variations
has not been determined, and further studies are needed to
assess whether clinical outcomes are correlated with these
histologic differences.

Recently, children with dystrophic and junctional epider-
molysis bullosa have been treated with stem cell transplants.
From October 2007 to August 2009, seven children with
recessive dystrophic epidermolysis bullosa were treated with
a co-infusion of mesenchymal stromal cells and hematopoi-
etic stem cells [41]. None of the seven patients developed
acute or chronic GVHD in up to 2 years of follow-up. It is
unclear why these patients have a decreased GVHD inci-
dence. It has been suggested that the decreased incidence of
GVHD may be from the presence of mesenchymal stromal
cells or from an inherent defect in the skin of patients with
recessive dystrophic epidermolysis bullosa [42]. Further his-
topathologic evaluation and studies may be helpful in the
development of tools or conditioning regimens to prevent
GVHD onset.
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Chronic Graft-Versus-Host-Disease

Broad diagnostic criteria make it difficult to estimate the
exact incidence and prevalence of cGVHD. The NIH
Pathology Working Group is striving to create more uniform
criteria to help establish the diagnosis. At this time, it is esti-
mated that the prevalence of cGVHD is approximately 50 %
[1,43]. The skin is the most frequent organ site to be involved
in cGVHD, with cutaneous disease occurring in up to 75 %
of patients at the time of diagnosis [44]. The presence of at
least one diagnostic clinical feature of cutaneous cGVHD
negates the need for biopsy (Table 5.3) [1]. Biopsy is recom-
mended to help confirm the diagnosis of cGVHD in the pres-
ence of only distinctive clinical features—those that are seen
in cGVHD but are insufficient as isolated findings to defini-
tively diagnose cGVHD. In the skin, the most common dis-
tinctive feature is depigmentation, but other features that
may be present include hypopigmentation, hyperpigmenta-
tion, ichthyosis, keratosis pilaris, or sweat impairment
(hypohidrosis) [1]. Other distinctive features involving the
nails, hair, oral mucosa, and genitalia are discussed in further
detail in the clinical chapters of this book.

Biopsy can be an invaluable tool in confirming suspicion
for cGVHD. The size of the biopsy specimen is dependent
on the clinical picture. For patients with non-sclerotic
cGVHD, the specimen should be at least 4 mm in size, pref-
erably from a palpable lesion without overlying secondary
change [3]. In sclerotic lesions, an excisional biopsy is pre-
ferred. However, a punch biopsy of 6-8 mm is also an accept-
able alternative [3]. Biopsy of a bullous or vesicular lesion
should be done at the edge of the blister and should include
surrounding erythema. Although biopsy can be a significant
diagnostic aide, its use in long-term follow-up to assess treat-
ment response has not been validated.

Table 5.3. Diagnostic clinical criteria seen in chronic graft-versus-
host disease [1]

Cutaneous Oral mucosa | Genitalia
Poikiloderma +
Lichen planus-like + + +
features
Sclerotic features + +2 +

Morphea-like features |+

Lichen sclerosus-like |+
features

Hyperkeratotic +
plaques

a“Mouth opening is restricted by sclerosis

Main Histologic Patterns in cGVHD: Lichenoid
and Sclerodermoid

Classically, chronic cutaneous GVHD has been clinically
and histologically classified into two subtypes: an early
lichenoid stage and a later sclerotic stage. In early cGVHD,
patients clinically present with lichen planus-like papules
with histopathologic findings nearly identical to aGVHD
(Fig. 5.7) [45]. The epidermis shows irregular acanthosis,
parakeratosis, hypergranulosis, vacuolar alteration, and vari-
able keratinocyte necrosis (again, a key feature of GVHD). A
bandlike lymphocytic infiltrate may obscure the dermal-
epidermal junction with evidence of basal vacuolar degen-
eration, though many biopsies of lichenoid GVHD
demonstrate a dermal lymphocytic infiltrate that is signifi-
cantly sparser than lichen planus and other lichenoid
dermatitis. Squamous eccrine metaplasia can be seen in the
transition from acute to chronic GVHD [46].

In sclerotic cGVHD, patients can present with cutaneous
sclerodermatous changes resembling systemic sclerosis, but
they typically lack visceral organ involvement. Two recent
studies estimate a 3- to 5-year incidence of sclerotic cGVHD
between 20-22.6 %, occurring after a median 18 months
[47, 48]. Historically, it has been presumed that lichenoid
cGVHD precedes sclerotic cGVHD, but cases have been
described of the processes occurring independently [49, 50].
In the initial descriptions of sclerotic cGVHD that followed
lichenoid cGVHD, fibrosis progressed from the papillary
dermis downward into the reticular dermis [51]. The histo-
logic variants of sclerotic cGVHD are unified by the pres-
ence of sclerosis and homogenization of dermal collagen
(Fig. 5.8). The level by which sclerosis appears in the skin
determines its clinical morphology. Epidermal atrophy, a
mild lichenoid infiltrate, and loss of elastic fibers is more
typical of lichen sclerosus—like cGVHD than morphea-like
cGVHD [52]. Patients with a morphea-like clinical mor-
phology display more prominent reticular sclerosis micro-
scopically, with little involvement of the papillary dermis or
the epidermis. In the fasciitis-like variant, the sclerosis may
be confined to the fascia but may also involve the subcutane-
ous septae [52, 53].
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Fig. 5.7 Early lichenoid-type chronic graft-versus-host disease
(cGVHD). These findings do not differ significantly from many speci-
mens of aGVHD, although the presence of clusters of necrotic keratino-
cytes at the bases of rete ridges, epidermal acanthosis, and
hypergranulosis all suggest a more chronic inflammatory process
(H&E, 200x magnification)

Fig. 5.8 Sclerotic cGVHD. (a) The biopsy specimen exhibits a mark-
edly expanded, highly sclerotic dermis with densely packed, hypocel-
lular, hyalinized collagen accentuated within the deeper aspects of the
specimen (H&E, 40x magnification). (b) Higher power demonstrates
hyalinized, hypocellular collagen with “trapping” of eccrine sweat
glands and loss of peri-eccrine fat, findings indistinguishable from idio-
pathic morphea or scleroderma (H&E, 100x magnification)
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Unique Histologic Features of cGVHD

With the increased number of patients requiring bone marrow
transplantation, more and more morphologic variants of
c¢GVHD have been described. These clinical patterns include
eczematous, atopic dermatitis—like, psoriasiform, pityriasis
rosea—like, lupus-like, comedonal, follicular keratosis or

keratosis pilaris—like, and leopard skin—like. Though these enti-
ties may appear clinically distinct, they often share histologic
features of either lichenoid or sclerotic cGVHD (Table 5.4).
However, unlike more classic lichenoid or sclerotic cGVHD,
these morphologic variants may display certain histologic fea-
tures that could distinguish them as unique clinical and histo-

Table 5.4 Common clinical variants of lichenoid/vacuolar and sclerotic chronic GVHD

pathologic variants of cGVHD.

Histologic subtype

Clinical variant

Comments on clinical features

Comments on histopathologic
features

Lichenoid or vacuolar

Lichen planus-like

Violaceous papules

Lichenoid

Psoriasiform Annular, guttate, or confluent Vacuolar change with
psoriasiform epidermal
hyperplasia

Eczematous Can appear erythrodermic Vacuolar change with spongiosis

Atopic dermatitis—like

Pruritic, dry skin, perifollicular
accentuation

Vacuolar change with spongiosis

Lupus-like

Malar erythema, lichenoid papules
in photodistribution

Lichenoid

Pityriasis rosea—like

Can appear in inverse location

Vacuolar change with pigment
incontinence

Comedone-like

Acneiform papules and comedones

Follicular vacuolar change,
dilated pore, and sclerosis

Keratosis pilaris—like

Follicular erythema or keratosis

Both lichenoid and sclerotic

Sclerotic

Sclerodermatous

Tightened skin often with
poikiloderma

Superficial dermal collagen
homogenization

Lichen sclerosus

Atrophic, pearly-white to
violaceous plaques

Superficial dermal sclerosis and
epidermal atrophy

Morphea-like

Indurated, brown to violaceous
plaques

Pandermal or deep dermal
sclerosis

Panniculitis/fasciitis

Clinically appears rippled

Deep dermal sclerosis, fasciitis,
panniculitis

Leopard skin

Well-defined, hyperpigmented
macules with scale, precedes
clinical sclerosis

Dermal reticular sclerosis with
sparse vacuolar change

Comedone-like

Acneiform papules and comedones

Follicular vacuolar change,
dilated pore, and sclerosis

Keratosis pilaris—like

Follicular erythema or keratosis

Both lichenoid and sclerotic
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Psoriasiform Pattern

Like psoriasis, psoriasiform cGVHD reveals epidermal
acanthosis with regular elongation of rete ridges, parakerato-
sis, and loss of the granular layer [54-56]. Neutrophilic
abscesses can also be found in the stratum corneum. Unlike
psoriasis, the presence of focal satellite cell necrosis, dys-
keratosis, lymphocytic exocytosis, and basal layer vacuolar
change helps to confirm the diagnosis of cGVHD.

Eczematous Pattern

Vacuolar degeneration can be seen admixed with spongiosis
(i.e., intercellular edema within the epidermis) in this uncom-
mon cGVHD variant. Dermal eosinophils may also be
increased. In a study of 10 patients with eczematoid cGVHD,
4 were found to have eosinophils interspersed within a sparse
perivascular lymphocytic infiltrate [57]. Interestingly, all 10
patients clinically progressed to erythroderma, and this vari-
ant may be predictive of erythrodermic cGVHD. As dis-
cussed in the histopathologic findings of aGVHD, the
presence of eosinophils does not exclude a diagnosis of
GVHD. Spongiosis may also be present as a minor feature in
many cases of aGVHD. As such, the eczematous pattern of
cGVHD is not universally agreed upon as a unique variant.

Lupus-like Pattern

Prior reports have described violaceous papules in a malar
distribution in patients following bone marrow transplanta-
tion [58]. Biopsies of these lichenoid papules revealed
necrotic keratinocytes and surrounding lymphocytes in the
epidermis and follicular epithelium. Vacuolar change was
also identified at the basal layer. These findings were consis-
tent with lichenoid cGVHD. Though a nonspecific finding,
follicular plugging, as seen in lupus, could be occasionally
identified. There has also been one case report of a patient
who clinically and histopathologically resembled hypertro-
phic lupus [59]. Pseudoepitheliomatous hyperplasia,

follicular plugging, thickened basement membrane, and
dermal mucin deposition were accompanied by more typical
findings of cGVHD, including a paucicellular, lymphocytic,
patchy lichenoid infiltrate at the dermal-epidermal junction
and along follicular epithelium. None of the patients
described subsequently developed other symptoms to sup-
port a diagnosis of lupus. However, at least three of the five
patients in the original case series described did progress to
sclerotic cGVHD [58].

Pityriasis Rosea-like Pattern

In pityriasis rosea—like cGVHD, microscopic features of
pityriasis rosea can be seen, including focal spongiosis with
overlying mounded parakeratosis [60]. In addition, Civatte
bodies and superficial dermal melanophages may be present.
Concurrent satellite cell necrosis and an interface dermatitis
help to confirm the diagnosis of cGVHD. Clinically, the pap-
ules appear along skin tension lines and may occur in an
inverse distribution [61].

Comedone-like Pattern

Both sclerotic and lichenoid features can be found in
comedone-like cGVHD [62]. Sclerosis can be found expand-
ing and filling nearly the entirety of the epidermis. Comedone-
like dilated follicles demonstrate keratotic plugging,
hypergranulosis, and hydropic degeneration of the follicular
basal layer. Scattered lymphocytes and melanophages may
be seen in the superficial dermis.

Follicular Keratosis or Keratosis Pilaris-like

Pattern

Follicular keratosis—like cGVHD presents clinically with
hyperkeratotic follicular papules or pink cutaneous spicules
[61, 62]. Histologically, it is nearly identical to comedone-
like cGVHD, but lacks the dilated, comedone-like follicle. It
also has both follicular lichenoid and sclerotic features.
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cGVHD-associated Angiomatosis

A case series of 11 patients documented the development of
cutaneous vascular proliferations exclusively within areas of
sclerotic cGVHD, mostly on the lower extremities or trunk,
at a median of 44 months after transplantation (Fig. 5.9) [63].
Six biopsies from four patients were initially diagnosed as
traumatized pyogenic granulomas, cavernous hemangioma,
angiokeratoma, and lymphangiomas. HHV-8 staining was
completed for one patient and was negative. Vascular endo-
thelial cells did not appear atypical in any case. As these vas-
cular proliferations occurred in a background of preexisting
sclerotic cGVHD, it was hypothesized that they represented
a reactive process.

Fig. 5.9 GVHD-associated angiomatosis. The specimen exhibits a
benign vascular proliferation with luminal thrombosis arising in a back-
ground of sclerodermoid GVHD (H&E, 100x magnification)

Differential Diagnosis of cGVHD

As discussed, the histopathology of early lichenoid cGVHD
can resemble aGVHD. The differential diagnosis is mainly
that of lichen planus, but unlike lichen planus, the lympho-
cytic infiltrate at the dermal-epidermal junction is typically
less robust and may reveal scattered eosinophils. In addition,
the presence of satellite cell necrosis may be a helpful marker
of GVHD, especially when features seen in the pattern vari-
ants of cGVHD discussed above are seen. Unfortunately,
sclerotic cGVHD can be nearly indistinguishable from mor-
phea or scleroderma. As there is no pathognomonic histo-
logic finding in GVHD, clinical correlation is extremely
important. A negative biopsy cannot exclude the diagnosis of
GVHD. A pathologist can help guide clinical decision mak-
ing by utilizing the four-tier grading system: no evidence of
GVHD, possible GVHD, consistent with or highly sugges-
tive of GVHD, or GVHD without equivocation. Given the
significant morbidity and mortality that can be associated
with untreated GVHD, high clinical suspicion should result
in consideration of empiric treatment, continued investiga-
tion, and close clinical monitoring.
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Grading and Treatment of Acute
Graft-Versus-Host Disease

Anar Mikailov, Molly Plovanich, and Arturo P. Saavedra

Acute graft-versus-host disease (aGVHD) remains a major
complication and is the leading cause of nonrelapse mortal-
ity after allogeneic hematopoietic stem cell transplantation
(HSCT). The most commonly involved organ is the skin,
providing an opportunity for clinicians to recognize and
intervene in this potentially fatal process. Appropriate grad-
ing of severity is critical to determine treatment. Therapy for
advanced aGVHD is challenging. This chapter reviews the
evidence for commonly studied and novel approaches that
hold promise.

Diagnosis and Grading of aGVHD
Physiology Overview

aGVHD is an immunologic process that is the most common
undesirable effect encountered after HSCT [1]. Immune com-
petent donor T-cells are the primary mediators that initiate an
inflammatory cascade after recognizing host tissue protein as
foreign antigens [1, 2]. This response is a double-edged sword.
Fundamentally, it is appropriate for a functioning immune rep-
ertoire (that from the donor) to seek and destroy host antigens
not previously encountered by the donor, although this leads to
the unwanted phenomenon of GVHD. On the other hand, the
same immunologic process also attacks remaining malignant
cells; a desirable phenomenon termed graft-versus-leukemia/
malignancy (GVL) [1, 2]. Human leukocyte antigens (HLA)
are the most important proteins that determine donor T-cell
acceptance or rejection of the host, and in effect, HLA disparity
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between donor and host is the most important independent fac-
tor that predicts acute and chronic GVHD. Skin is the most
commonly affected organ in GVHD, and it is incumbent on
dermatologists to play a critical role in diagnosis and manage-
ment [3, 4]. In the past 30 years, the development of improved
HLA-matching techniques, along with introduction of selec-
tive immunosuppressive therapies, has attenuated the unwanted
GVHD phenomenon and, as a result, has increased the popu-
larity of HSCT.

Diagnosis

aGVHD was originally distinguished from chronic GVHD by
classic signs and symptoms that presented within 100 days of
HSCT, although recent guidelines from the National Institutes
of Health deemphasize time-based criteria and instead place
much more importance on clinical findings [3, 5-8].

Classic aGVHD manifests within the first 3 or 4 months
after HSCT and includes a combination of the following
symptoms: erythematous maculopapular eruption, gastroin-
testinal disease (e.g. diarrhea), and cholestatic liver disease
(i.e. elevated conjugated bilirubin and alkaline phosphatase)
[7, 8]. The temporal onset of aGVHD is heavily influenced
by factors that alter the immunologic interplay between the
donor and host, including the conditioning regimen before
transplantation, the degree of HLA compatibility, immuno-
suppression, and immunomodulation with interventions
such as donor lymphocyte infusions [9]. As a result, the
onset of aGVHD can be delayed or accelerated and does not
always occur within the first 100 days after HSCT [6]. With
an understanding of this complexity, the current aGVHD
subtypes include: classic, persistent, recurrent, and late-
onset (Table 6.1) [6]. Additionally, overlap GVHD is a
newly observed subtype defined by features of aGVHD in a
patient previously diagnosed with chronic GVHD [3, 6]. It
is worthwhile to note that both late-onset and overlap
aGVHD are more frequently observed after reduced-intensity
conditioning [6].
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In aGVHD, skin is the most commonly affected organ,
followed by the gastrointestinal tract and lastly the liver
[10]. Early harbingers of cutaneous disease include pruritus
and erythema of the ears, face, palms, and soles [8, 9].
Often, subsequent cutaneous finings include folliculocen-
tric blanching macular erythema, which ultimately pro-
gresses to a diffuse and symmetric morbilliform eruption
(Fig. 6.1). Skin tenderness is not uncommon and often an
ominous sign of severe cutaneous disease. In severe cutane-

ous aGVHD, the eruption progresses to erythroderma
followed by bullae formation with epidermal detachment,
mimicking toxic epidermal necrolysis (TEN) (Fig. 6.2). In
addition to the skin, the mucous membranes, particularly
the conjunctivae and oral mucosa, can become markedly
inflamed (Fig. 6.3). It should be noted that, in contrast to
the protean presentations of cutaneous chronic GVHD (see
Chap. 10), cutaneous aGVHD invariably presents as
aforementioned.

Table 6.1 Subtypes of acute GVHD: classic, persistent, recurrent, and late-onset

Symptoms after
Category DLI or HSCT Acute features Chronic features
Classic acute < 100 days Yes No
Persistent, recurrent and late-onset > 100 days Yes No
Overlap > 100 days Yes Yes

Note: certain individuals demonstrate “overlap” GVHD, which is defined by features of aGVHD in a patient previously diagnosed with chronic

GVHD [3, 6]

DLI donor lymphocyte infusion, HSCT hematopoietic stem cell transplant

Fig.6.1 Manifestations of stage II acute cutaneous GVHD. A morbilliform and folliculocentric eruption on the trunk (a), palmar involvement (b),
folliculocentric involvement of the lower leg (¢) and foot (d) (Courtesy of Dr. Ryan Trowbridge)


http://dx.doi.org/10.1007/978-3-319-46952-2_10

6 Grading and Treatment of Acute Graft-Versus-Host Disease 59

Fig.6.2 Manifestations of stage IV acute cutaneous GVHD. Large bullae (a) and diffuse (b) purple-dusky hue, tenderness and sloughing (Courtesy
of Dr. Jennifer Tan)

Fig. 6.3 Oral acute GVHD presenting with diffuse ulceration of the
ventrolateral tongue, as well as ulceration and crusting of the lips
(Reprinted from lon et al. [11]; with permission)
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Differential Diagnosis

During complete evaluation of aGHVD, the alternative diag-
noses to consider include: engraftment syndrome, toxic ery-
thema of chemotherapy, viral exanthem, and drug
hypersensitivity, the most common alternative diagnosis
(Table 6.2) [8, 9, 12]. A diagnosis of aGVHD is supported by
an eruption that involves acral sites and is folliculotropic,
with concomitant cholestatic liver damage and gastrointesti-
nal manifestations. However, this triad is not specific to the
diagnosis of aGVHD.

Table 6.2 Alternative diagnoses to consider in the evaluation of
aGVHD [8, 9]

Clinical
Diagnosis presentation | Onset Treatment
Drug Morbilliform, | Anytime Withdrawal of
hypersensitivity |lack of medication
(Fig. 6.4) peri-follicular

accentuation
Viral exanthem | Morbilliform | Anytime Supportive
Toxic erythema | Variable, 2-3 weeks Supportive
of often acral after
chemotherapy chemotherapy
(Fig. 6.5)
Engraftment Morbilliform, |~14 days after | Systemic
syndrome may beginin | transplantation | corticosteroids
(Fig. 6.6) acral sites. leads to

Concurrent complete

cytokine resolution

storm with

capillary leak

syndrome

leading to

anasarca and

respiratory

distress

Drug Hypersensitivity

A recent retrospective review concluded that drug hypersen-
sitivity could be excluded with certainty in post-HSCT
patients who develop a morbilliform eruption if concurrent
hyperbilirubinemia and diarrhea are present [12]. The distri-
bution and onset of the cutaneous eruption in drug hypersen-
sitivity often spares acral sites, particularly the palms and
soles, and lacks the folliculocentric erythema of aGVHD
eruptions (Fig. 6.4) [12].

Fig. 6.4 Drug hypersensitivity reaction to vancomycin presenting as a
diffuse morbilliform eruption on the trunk early after HSCT. Note the
lack of follicular prominence, a typical feature of acute GVHD
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Toxic Erythema of Chemotherapy

This diagnosis is suggested by blanching erythema that is
painful and limited to palms and soles (most common) or
flexural sites (Fig. 6.5). The pathophysiology is hypothesized
to be a result of toxic metabolite accumulation in eccrine-
rich sites [13].

Fig. 6.5 Toxic erythema of chemotherapy due to cytarabine presenting
as confluent erythema and edema of the palms

Engraftment Syndrome

Engraftment syndrome (ES) may be favored in patients who
received an autologous transplant and develop symptoms
reminiscent of capillary leak syndrome with cytokine storm
[14, 15]. ES has also been described in allogeneic HSCT
[16]. Clinical findings include non-infectious fever (persis-
tently negative culture data and no response to empiric anti-
biotics), hypoxemia, diarrhea, weight gain, anasarca, and a
morbilliform cutaneous eruption (Fig. 6.6). Timing of onset
is, by definition, in the peri-engrafment period. ES is remark-
ably responsive to systemic corticosteroids, and in a recent
retrospective review, 41 of 42 patients with ES showed rapid
symptoms resolution leading to hospital discharge in a
median of 10 days [15]. The same review found excellent
correlation between markedly elevated C-reactive protein
(CRP) and ES diagnosis (Table 6.2) [15].

Many studies have investigated the utility of a diagnostic
skin biopsy for aGVHD. The histological findings are often
non-specific and do not reliably improve diagnostic distinction
between aGVHD and drug hypersensitivity, particularly in early
GVHD [17-19]. The results of a decision analysis showed that
a skin biopsy should be performed only in cases in which the
pretest probability for aGVHD is exceptionally low [20, 21].

Fig. 6.6 Engraftment syndrome. Diffuse morbilliform eruption mim-
icking acute GVHD early after allogeneic HSCT



62

A. Mikailov et al.

Grading and Prognostication

The most commonly utilized aGVHD grading system is the
modified Seattle Glucksberg system (Tables 6.3 and 6.4),
which is an evolution from the original 1974 Glucksberg
study [5, 7]. The key variables that determine staging of
aGVHD include: amount of body surface area of skin
involvement, extent of elevation in serum bilirubin for
hepatic involvement, and stool output volume for gastroin-
testinal involvement (Table 6.3). The integration of stages
determines the grade, which is closely correlated with mor-
tality (Table 6.4) [22].

A recently developed and validated Ann Arbor aGHVD
severity score utilizes biomarkers alone and showed excellent

concordance with response to therapy at 28 days as well as
non-relapse mortality at 6 months [23]. The three biomarker
(TNFR1, ST2, and REG3a) plasma concentrations are com-
bined to create a single score (Table 6.5), which subsequently
stratifies the patient as Ann Arbor score 1 (likelihood of
complete or partial response to treatment, 81 % at day 28) to
score 3 (likelihood of complete or partial response to treat-
ment, 46 % at day 28) [23].

Interestingly, the Ann Arbor severity score more accu-
rately predicted non-relapse mortality when compared with
the Seattle Glucksberg grading system [23]. Although the
Ann Arbor score is not a practical tool at the bedside, it will
be essential for patient stratification and surrogate endpoint
outcome analysis in future interventional studies.

Table 6.3 Modified Glucksberg criteria stages of aGVHD and transplant-related mortality [7, 8, 22]

Non-relapse mortality
Stage Skin (% BSA) Liver (bilirubin) Gastrointestinal at 100 days [21]
1 Maculopapular rash < 25 % 2.0-2.9 mg/dL Diarrhea 0.5-1 L/day or 27 %
nausea/emesis with positive
gut biopsy
Maculopapular rash 25-50 % 3.0-5.9 mg/dL Diarrhea 1-1.5 L/day 43 %
3 Maculopapular rash >50 % 6.0-14.9 mg/dL Diarrhea > 1.5 L/day 68 %
4 Generalized erythema (i.e. >14.9 mg/dL Severe abdominal pain with 92 %
erythroderma) with or without ileus
desquamation or bullae

BSA body surface area

Table 6.4 Glucksberg grading of aGVHD [7]

Grade Skin stage Liver stage Gastrointestinal stage

1 1-2 0 0

11 3or 1 or 1

111 0-3 and 2-3 or 2-4

v 4 or 4 or 0—4 with Grade 4 skin or liver

Table 6.5 Ann Arbor Risk Score for aGVHD based on plasma concentrations of three biomarkers: TNFR1, REG3«, and ST2

Ann Arbor Score CR/PR at 28 days Non-relapse mortality at 12 months, % (95 % CI)
1 81 % 8 % (3-16)

2 68 % 27 % (20-24)

3 46 % 46 % (33-58)

The difference in CR/PR as well as the non-relapse mortality between each Ann Arbor score is statistically significant [23]
Algorithm: Log[—log(1-p)] = —=9.169 + 0.598(log2TNFR1) — 0.028(10g2REG3a) + 0.189(1og2ST2)

CI confidence interval, CR complete remission, PR partial remission
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Treatment of aGVHD

The incidence of aGVHD after allogeneic HSCT is between
10 and 80 %, and ongoing research in HLA matching, condi-
tioning and prophylactic regimens holds promise to decrease
that rate [4, 8, 9, 24]. In newly diagnosed aGVHD, early rec-
ognition, intervention, and close monitoring are the
cornerstones of effective management. The most recent 2012
guidelines from Haemato-oncology Task Force of the British
Committee for Standards in Haematology (BCSH) and the
British Society for Blood and Marrow Transplantation
(BSBMT) and the American Society of Blood and Marrow
Transplantation (ASBMT) emphasize that therapeutic choice
should be in accordance with proper staging and grading, in
conjunction with the rate of disease progression [8, 24].
Treatment strategies discussed here are primarily based on
cutaneous aGVHD staging, although it is imperative to uti-
lize the grade of aGVHD as defined earlier.

Brief Note on the Prevention of aGVHD

A noteworthy area of research revolves around the use of mam-
malian target of rapamycin (mTOR) inhibitors instead of calci-
neurin inhibitors after allogeneic HSCT for GVHD prophylaxis.
In 2002, Hoffmann et al. [25] showed that transfer of donor
CD4+ CD25+ regulatory T Cells (Tregs) after allogeneic HSCT
can prevent severe aGVHD while maintaining graft-versus-leu-
kemia effect in mice. More recent work by Satake et al. [26]
showed (in mice) that the mTOR inhibitor sirolimus in combina-
tion with low dose IL-2 showed Treg expansion and decreased
risk of aGVHD. Peccatori et al. [27] showed that use of sirolimus
prophylaxis led to a much lower than expected incidence of
GVHD in patients receiving high GVHD risk transplants
(peripheral blood stem cell grafts from partially HLA-matched
family donors). Prophylactic use of mTOR inhibitors in combi-
nation of Tregs modulation is a very active area of research with
multiple ongoing trials (NCT02528877, NCTO01795573,
NCTO02118311,NCT00105001,NCT01251575,NCT01903473,
NCT00406393, NCT00993343, NCT00602693).

Treatment of Grade | aGVHD

General consensus guidelines from the BCSH, BSBMT, and
ASBMT recommend management of grade I aGVHD
(<50 % body surface area involvement) with topical thera-
pies in addition to optimization of prophylactic immunosup-
pression [8, 9, 28]. The most common approach to grade I
aGVHD includes topical corticosteroids and/or topical calci-
neurin inhibitors (CNIs). However, for cases in which
25-50 % of body surface area is involved, progression must
be monitored closely and early initiation of first-line systemic
therapy should be considered. Additionally, patients who
have a clinical grade of I, although an Ann Arbor risk score
of 3, are at a significantly increased risk for aGVHD to
involve more organs and should be considered for systemic
therapy [22]. It is foreseeable that the Ann Arbor score will
play a larger role in early grade aGVHD management, par-
ticularly for cases with clinical and biomarker discordance.

High-potency topical corticosteroids (class 1 or 2), the
cornerstone for therapy on the extremities and trunk, can be
considered for short periods of time on the face, major body
folds, and genital region with close monitoring. Topical
CNIs, such as tacrolimus or pimecrolimus, provide benefits
equivalent to class 4 or class 5 topical corticosteroids and
they should be employed in tandem, especially to the face
and genital region (Table 6.6) [29].

In addition to topical corticosteroids and CNIs, clinicians
should stress skin hygiene and sun-safe practices. Excellent
skin hygiene (i.e. use of emollients at least once per day) will
optimize skin barrier function and minimize transepidermal
water loss; recommendations include: minimize the duration
of showers, minimize the use of soaps or other skin cleans-
ers, favor skin care products that are unscented, and use thick
emollients immediately after showers plus at least one other
time per day. Regular use of sun protection factor creams and
appropriate clothing, in addition to avoidance of high-
intensity sun exposure will minimize the potential for addi-
tional keratinocyte damage.

If aGVHD involves the liver or gastrointestinal system,
regardless of cutaneous involvement, or if cutaneous involve-
ment is more than 50 % body surface area (BSA), manage-
ment should be more aggressive with systemic therapies, as
discussed in the next section.
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Table 6.6 Therapeutic options in aGVHD and key studies or reviews

Therapeutic options Key studies, reviews, and notable results

aGVHD grade I

Daily preventative skin care (frequent emollient use, [4, 46, 47]

minimize ultraviolet exposure)

Topical corticosteroids (Class 1 or 2 to the trunk and 4, 8,9, 46]

extremities, less potent to the face/folds/genitalia)

Topical calcineurin inhibitors (tacrolimus, 4, 8,9]

pimecrolimus)

aGVHD grade II or greater

Systemic corticosteroids ORR 41-44 % [46, 48, 49]; 5 year survival 51 % vs 32 % steroid responders to

non-responder [48]; Dose of 2 mg/kg equivalent to 10 mg/kg (prednisolone equivalent)
[30]; Dose of 1 mg/kg equivalent to 2 mg/kg (prednisolone equivalent) [50]

Extracorporeal photopheresis (ECP) CR 52-82 % in steroid-refractory aGVHD [33, 36]; ORR 75-86 % in steroid-
refractory cutaneous aGVHD [34, 35]

Sirolimus ORR 57-76 % in steroid-refractory aGVHD [51, 52]; CR 50-72 % in steroid-
refractory aGVHD [53, 54]

Anti-thymocyte globulin (ATG) ORR 54 % at 28 days with equine-ATG in steroid-refractory aGVHD [55]; Two

trials showed surprisingly high mortality (90-95 %) with equine-ATG in steroid-
refractory aGVHD [44, 56], while another trial showed equivalent survival at

2 years between equine-ATG plus prednisone vs. prednisone alone [57]; Low dose
rabbit-ATG showed 90 % response for skin and gut aGVHD and an overall 1 year
survival of 55 % [45]

Mycophenolate mofetil ORR 47-65 % in prospective trials of steroid-refractory aGVHD [58, 59]; ORR
60 % in a retrospective study of steroid-refractory aGVHD [60]; CR 26-60 % CR
in steroid-refractory aGVHD [61, 62]; MMF plus methylprednisolone as initial
aGVHD therapy was not superior to methylprednisolone plus placebo [63]
Methotrexate ORR 58-95 % in steroid-refractory aGVHD using 5 or 10 mg/m* IV every

3-10 days [64—66]; ORR 70 % in a pediatrics trial of steroid-dependent or
steroid-refractory aGVHD [67]; CR 42 % in steroid-refractory aGVHD using
weekly 5 mg/m? infusion [64]

TNFai Etanercept: CR 26-79 % in combination with methylprednisolone as initial
aGVHD therapy [62, 77]

Infliximab plus methylprednisolone was not superior to methylprednisolone alone
in a phase III prospective trial [68]

Alemtuzumab ORR 83-95 % for steroid-refractory aGVHD [69, 70], though only 33 % alive at
2 years [70]; another retrospective study showed ORR 70 % in steroid-refractory
gastrointestinal aGVHD with 50 % survival at 1 year [71]

IL-2 inhibition (Denileukin diftitox, Basiliximab) Denileukin diftitox: ORR 68-71 % in phase 1 [72] and phase 2 trials [73] of
steroid-refractory aGHVD; Basiliximab: ORR 71-87 % in steroid-refractory
aGVHD [74-76]

CD26 Antibody Small study from 1985 showed 50 % (4/8) CR, with all 4 patients alive without
GVHD 25 years later [42]. Phase 3 trial is underway [NCT02411084]
Ex vivo expanded, Tregs infusion Single report of therapeutic adaptive Tregs transfer in patient with grade IV

aGVHD showed transient benefit [39]; trials in animal models show promise [38]

ATG antithymocyte globulin, BSA body surface area, CR complete response, ECP extracorporeal photopheresis, ORR overall response rate, PR
partial response, TNFai tumor necrosis factor-o inhibitor
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Grade Il or Greater aGVHD

For grade II or greater aGVHD consensus recommendations
support initiation of systemic corticosteroid therapy in addi-
tion to optimization of prophylactic immunosuppression as
the first-line standard of care [8, 23]. Initial therapy with a
prednisone-equivalent dose of 2.5 mg/kg/day is an accepted
strategy and multiple landmark studies are referenced in
Table 6.6. Studies evaluating higher doses have not shown an
outcome advantage. A recently completed phase III random-
ized trial of low-dose systemic corticosteroids has not pub-
lished a final analysis [8, 23, 30]. The largest retrospective
review of first-line corticosteroid monotherapy in aGVHD
found that about one half of patients have a complete
response, which is also in line with the ASBMT consensus
statement [23, 31]. In addition to systemic corticosteroids,
adjuvant use of topical medications, as described earlier, is
symptomatically helpful but does not affect internal organ
response. Systemic combination therapies, such as cortico-
steroids plus a second agent, have not definitively shown
superiority over corticosteroid monotherapy for first-line
aGVHD treatment, although trials are ongoing [8, 24].

Corticosteroid-Refractory aGVHD

Corticosteroid-refractory aGVHD portends a worse progno-
sis and in general is more challenging to treat. There is no
consensus on specific treatment and direct comparison of
therapeutic studies is difficult as outcome criteria and patient
inclusion characteristics are highly variable. Nevertheless, a
review of recent literature shows some notable approaches.
The primary physiologic target of the second-line agents is
T-cell pathway suppression or modulation, and possible
options include systemic CNIs, tumor necrosis factor alpha
inhibitors (TNFai), extracorporeal photopheresis (ECP), siro-
limus (mTOR inhibitor), interleukin-2 (IL-2) receptor anti-
bodies, alemtuzumab, methotrexate, Treg infusion, and
antithymocyte globulin (ATG) [8, 24, 32]. This list is not all-
encompassing and additional therapies are continuously eval-
uated [32]. Three treatment modalities are reviewed below
based on remarkable clinical data (ECP) or potential for ben-
efit in the near future (anti-CD26 antibody and rabbit ATG).
Additional studies and reviews are referenced in Table 6.6.

Extracorporeal Photopheresis

The process of ECP involves the isolation of a patient’s leu-
kocytes, followed by ex-vivo exposure of these cells to
UV-A light and 8-methoxypsoralen with transfusion of the
altered leukocytes back into the patient [33-36]. This pro-
cess has no known immunosuppressive effects and instead
leads to immune tolerance via an increase in Treg cell counts
[34-37].

ECP was originally studied and used in T-cell mediated
processes with low Tregs counts such as cutaneous T-cell
lymphoma, and for prevention of rejection in solid organ
transplantation [33-35, 37]. More recently, ECP has become
one of the most promising and commonly studied second-
line treatment modalities for corticosteroid-refractory
aGVHD [24, 34, 36]. In a 2014 systematic review by Knobler
et al. [34], complete or partial responses of cutaneous
aGVHD were between 50 % and 100 % (median 75 %). In a
2015 meta-analysis by Zhang et al. [35], which only included
prospective studies of corticosteroid-refractory aGVHD,
complete or partial responses of cutaneous aGVHD were
between 79 % and 93 % (median 86 %). In both the Knobler
et al. [34] review and the Zhang et al. [35] meta-analysis,
ECP was most successful for cutaneous aGVHD followed by
gastrointestinal and then liver aGVHD. Further review of
ECP clinical trials shows that early initiation and a more fre-
quent ECP schedule correspond to higher response rates
[35]. Perhaps the largest advantage of ECP is the favorable
side-effect profile; because ECP is not immunosuppressive,
there are no reports of severe World Health Organization
grade III-1V side effects [34]. Lastly, newer modified ECP
methodologies have the potential for even greater efficacy in
high-grade aGVHD [36].

As noted in Table 6.6, ex-vivo expansion of Tregs popula-
tions is yet another independent treatment under investiga-
tion. Based on the principles of Tregs expansion with ECP,
current research is evaluating the potential to directly infuse
Tregs cell lines without the need for intermediary steps (e.g.
ECP) [38-40].

Anti-CD26 Antibody

CD26 is expressed on a subset of CD4+ memory T helper
cell, and this CD4+ CD26"e" T-cell population has been
shown to respond maximally to recall antigens leading to
high IL-2 production [41]. Given the implications in autoim-
mune disease and GVHD, Bacigalupo et al. [42] studied the
use of a monoclonal antibody (mAB) blocking CD26 (BT
5/9) for treatment of corticosteroid-refractory grade II or
greater aGVHD. The results showed complete remission in 4
of 8 patients with a 25-year follow-up noting 100 % survival
in the original 4 patients; all are without GVHD [42, 43]. A
phase 3 study is now enrolling patients to study a newer ver-
sion of the anti-CD26 mAB [NCT02411084].

Rabbit Antithymocyte Globulin

Based on the extensive review by Martin et al. [24], horse-
derived antithymocyte globulin (ATG) was the most exten-
sively studied second-line option for corticosteroid-refractory
aGVHD. Many trials showed poor response and high rates of
infection [24, 44]. Interestingly, using very low-dose rabbit-
derived ATG in corticosteroid-refractory aGVHD, Nishimoto
et al. [45] reported an excellent response in 11 patients.
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Three patients with isolated cutaneous aGVHD (one of each,
stage 2—4) had either partial or complete response, including
survival of 992 days in the patient with stage 4 cutaneous
aGVHD [45]. Future studies are ongoing.

Table 6.6 reviews therapeutic options and key literature.
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Clinical Presentation of Nonsclerotic
Epidermal Chronic Graft-Versus-Host
Disease and Hair and Nail Changes

Sarah S. Pinney, Amin M. Alousi, and Sharon R. Hymes

Allogeneic hematopoietic stem cell transplantation (HSCT)
is a potentially curative therapy for a wide variety of malig-
nant and nonmalignant conditions, but the development of
graft-versus-host disease after transplantation may cause sig-
nificant morbidity and mortality. The updated National
Institutes of Health Consensus Development Project on
Criteria for Clinical Trials in Chronic Graft-versus-Host
Disease (cGVHD) [1] clarified and built upon the 2005 NIH
Consensus Conference criteria for diagnosing and scoring
the severity of chronic GVHD [2]. The purpose of these
guidelines is to create uniformity in clinical trials, to guide
treatment, and to facilitate biomarker studies.

Chronic GVHD of the skin may affect the epidermis, der-
mis, or subcutaneous layers, and often impacts all three.
Organ-specific scoring of cutaneous GVHD separates the
clinical findings into predominantly sclerotic and predomi-
nantly nonsclerotic variants. The nonsclerotic variants often
have a prominent epidermal component, the focus of this
chapter.
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Diagnosing and Scoring Chronic GVHD

Certain clinical features in the skin are considered diag-
nostic, meaning that no further testing is needed to estab-
lish the presence of cutaneous cGVHD. Others are
considered distinctive; these are not sufficient alone to
establish the diagnosis of cGVHD without additional test-
ing such as a skin biopsy [1]. In patients with epidermal
GVHD without sclerosis, only the findings of poikilo-
derma, lichen planus-like features; and lichen sclerosus—
like features are considered diagnostic. Distinctive features
include depigmentation and papulosquamous lesions. The
new onset of ichthyosis, keratosis pilaris, hair changes,
hyperpigmentation, and hypopigmentation are considered
nonspecific, and are not used to establish the initial diag-
nosis (Table 7.1). The maculopapular or papulosquamous
rash, erythema, lichen planus-like features, ichthyosis,
and keratosis pilaris—like lesions are scored by the percent-
age of body surface area (BSA) involved. The clinical find-
ings of dyspigmentation, poikiloderma, hair and nail
involvement, and pruritus are recognized and noted, but
are not quantified (Table 7.2) [1].

Nail changes, including dystrophy, longitudinal ridging,
onycholysis, pterygium, and anychia (loss of the nail entirely)
are also considered distinctive features [1]. Hair loss may be
associated with cGVHD, but evaluating alopecia in the set-
ting of HSCT is challenging, and the etiology is often multi-
factorial. Skin pathology can be helpful in determining the
etiology and guiding the treatment.

The skin is the organ most commonly involved at the time
of initial cGVHD diagnosis. The purpose of this chapter is to
better acquaint the medical team with the nonsclerotic epi-
dermal manifestations of cutaneous cGVHD, in the hope that
early recognition and uniformity in grading of these clinical
features will aid in diagnosis, treatment, and research.

69

J.A. Cotliar (ed.), Atlas of Graft-versus-Host Disease, DOI 10.1007/978-3-319-46952-2_7


mailto:Sarah.A.Sweeney@uth.tmc.edu
mailto:aalousi@mdanderson.org
mailto:srhymes@mdanderson.org

70

S.S.Pinney et al.

Table 7.1 Signs and symptoms of chronic GVHD

Organ or site

Diagnostic (sufficient to establish
the diagnosis of chronic GVHD)

Distinctive (seen in chronic GVHD, but
insufficient alone to establish a diagnosis)

Other features or unclassified entities

Skin Poikiloderma Depigmentation Sweat impairment
Lichen planus-like features Papulosquamous lesions Ichthyosis
Sclerotic features Keratosis pilaris
Morphea-like features Hypopigmentation
Lichen sclerosus-like features Hyperpigmentation
Nails Dystrophy
Longitudinal ridging, splitting, or brittle
features
Onycholysis
Pterygium unguis
Nail loss (usually symmetric, affects
most nails)
Scalp and body hair New onset of scarring or nonscarring Thinning scalp hair, typically patchy,

scalp alopecia (after recovery from
chemoradiotherapy)

Loss of body hair

Scaling

coarse, or dull (nor explained by
endocrine or other causes)
Premature gray hair

Adapted from Jagasia et al. [1]

Table 7.2 Skin scoring of chronic graft-versus-host disease (cGVHD)

Score 0

Score 1 Score 2

Score 3

GVHD features to be scored by

BSA:

No BSA involved

1-18 % BSA 19-50 % BSA

>50 % BSA

Check all that apply:

Maculopapular rash/erythema
Lichen planus-like features

Sclerotic features

Papulosquamous lesions or ichthyosis
Keratosis pilaris—like GVHD

Skin features score:

Other skin GVHD features (NOT

scored by BSA)

Check all that apply:
Hyperpigmentation
Hypopigmentation
Poikiloderma

Severe or generalized pruritus

Hair involvement
Nail involvement

No sclerotic features

Superficial sclerotic features
“Not hidebound” (able to pinch)

Check all that apply:
Deep sclerotic features
“Hidebound” (unable to pinch)
Impaired mobility
Ulceration

Abnormality present but explained entirely by non-GVHD documented cause (specify):

Adapted from Jagasia et al. [1]

BSA body surface area
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Clinical Manifestations of cGVHD
Diagnostic Features

Diagnostic features for cGVHD (requiring no further testing
to establish the presence of cutaneous cGVHD) include
lichen planus-like lesions, lichen sclerosus, and poikiloder-
matous skin changes [1]. Each diagnostic feature may be
seen alone, but they often appear in combination, along with
other epidermal or sclerotic features of cutaneous GVHD.

Lichen Planus-like GVHD

Lichen planus is characterized by purple-hued, polygonal
papules and plaques, sometimes with a fine white scale and
an overlying network of white lines (Wickham striae).
Lichen planus of the hair follicle is termed lichen plano-
pilaris (Figs. 7.1,7.2,7.3,7.4,7.5,7.6,7.7,7.8,7.9, 7.10
and 7.11).

Fig. 7.1 The purple, polygonal lichen planus-like papules and plaques may be solitary (a, b) or may become confluent (c, d)
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Fig. 7.2 (a, b) Lichen planus-like GVHD may koebnerize, following lines of pressure or trauma. (¢) An unusual sporotrichoid pattern (arrows)
is present without known antecedent. Trauma

Fig. 7.3 Inflammation may lead to significant postinflammatory pig-
ment changes, including the hypopigmentation and hyperpigmentation
seen in the beard area of this patient
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Fig. 7.4 Unusual presentations of lichen planus-like GVHD may
occur, including prominent lesions in distribution that may mimic
tinea pedis (a) and tinea cruris (b). This patient had been treated
with topical antifungal agents
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Fig.7.5 (a, b) Lichen
planus—like GVHD may become
hypertrophic, mimicking prurigo
nodularis or squamous cell
carcinoma

Fig. 7.6 Lichen planus-like changes may cause scarring. These scalp (a) and facial (b) lesions are difficult to distinguish from those of chronic
cutaneous lupus
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Fig. 7.8 Erosive lichen planus—like GVHD around the anus was asso-
ciated with erosive oral GVHD in this patient. Patients with pain in the
perineum, including the vaginal area, should be carefully examined

Fig. 7.7 (a, b) Lichen planus-like cGHVD may not present with the
classic purple hue. These scattered, shiny, flat-topped papules showed
classic pathologic findings of lichen planus—like GVHD
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Fig. 7.9 (a) Involvement of the penis may present with subtle erosions  from other etiologies of balanitis. (¢) This patient has biopsy-proven
on the glans (arrow). (b) Lesions may be more prominent, such as these ~ GVHD, but later developed a biopsy-proven squamous-cell carcinoma
hypertrophic eroded plaques. These findings need to be distinguished  (arrow)
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Fig.7.10 (a, b), Both patients demonstrate subtle folliculocentric pur-  before transplantation. (¢) This patient has lichen planopilaris-like
ple papules (arrow in b), which were biopsy-proven lichen planopilaris. ~ ¢cGVHD on the lower arm and confluent lichen planus-like cGVHD on
The flagellate lines in B developed after bleomycin administration  the upper arm

Fig. 7.11 Wickham striae, characterized by lacy reticulated lines, are
seen on the lips of this patient
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Lichen Sclerosus-like GVHD

Lesions of lichen sclerosus show marked epidermal thinning
with an ivory color and wrinkled surface (Figs. 7.12, 7.13
and 7.14).

Fig. 7.12 These well demarcated lesions show the characteristic fea-
tures of hypopigmentation with marked epidermal atrophy in cases of
lichen sclerosus-like cGVHD

Fig. 7.13 “Cigarette paper wrinkling” on the surface of these lesions
is characteristic of epidermal atrophy and changes in the dermal colla-
gen in patients with lichen sclerosus-like cGVHD

Fig. 7.14 This patient has extensive, confluent lichen sclerosus—like
GVHD, as well as lichen planus-like changes
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Poikiloderma

Poikilodermatous changes include hypopigmentation,
hyperpigmentation, telangiectasia, and atrophy (Figs. 7.15
and 7.16).

Fig.7.15 In the setting of GVHD, poikilodermatous changes are char-
acterized clinically by hypopigmentation, hyperpigmentation, telangi-
ectasia and atrophy, along with histologic changes of GVHD. This
patient developed new-onset poikiloderma, followed by fasciitis and
sclerotic cGVHD

Fig. 7.16 The atrophy seen in the setting of poikiloderma may cause
non-healing erosions in areas of friction



80

S.S. Pinney et al.

Distinctive Features

Distinctive features (not sufficient alone to establish the
diagnosis of cGVHD without additional testing) include
papulosquamous eruptions such as maculopapular (morbil-
liform), psoriasiform, or pityriasiform (maculopapular
lesions with fine branny or powdery scale) skin changes, as
well cutaneous depigmentation [1].

Papulosquamous Eruptions

The morphology of these may be variable. While sometimes
morbilliform, these lesions may also be pityriasiform or
resemble psoriasis or eczema (Figs. 7.17, 7.18, 7.19, 7.20,
7.21 and 7.22). Pathology is often helpful for diagnosis and
treatment, as the differential diagnosis may include drug-
induced or virus-induced rashes.

Fig. 7.17 (a) This patient has a morbilliform rash on the upper back
and neck, with abundant scale in the scalp and neck. (b) This patient has
a more prominent erythematous component and is becoming
erythrodermic
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Fig. 7.20 These well-circumscribed psoriatic-appearing plaques
proved to be GVHD by pathology

Fig. 7.18 Pityriasis rosea—like rash in a patient with biopsy-proven
cutaneous GVHD

Fig. 7.19 Biopsy-proven cGVHD presenting as a morbilliform erup- ~ Fig- 7.2 _Tl}e hypopigmented, slightly scaly areas on t'he neck appear
tion with less scale. These lesions are sometimes difficult to distinguish 0 be pityriasis alba, but were proven to be GVHD by biopsy
from a morbilliform drug eruption
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Depigmentation

In patients with no previous inflammatory skin lesions, the
onset of depigmentation after HSCT is considered to be a
distinctive feature of cGVHD. Biopsy is consistent with loss
of melanocytes, which cannot be distinguished from vitiligo
(Fig. 7.23).

Fig. 7.22 The papulosquamous lesions may be more prominent in
sun-exposed areas. The differential diagnosis includes a photo-induced
drug rash or connective tissue disease
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Fig.7.23 Depigmentation. (a, b) This patient developed depigmented patches on the trunk and extremities after stem cell transplantation. Biopsy
confirmed cGVHD
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Additional Manifestations

Other features seen in, but not specific to, cGVHD include
new-onset ichthyosis (Fig. 7.24), keratosis pilaris (Fig. 7.25),
reactive erythema (Fig. 7.26), and acral erythema

Fig. 7.24 Ichthyosis. The sudden onset of icthyosis should alert the later, she developed widespread ichthyosis, along with other systemic
clinician to the possibility of cGHVD. (a) The patient was noted to have  manifestations of cGVHD
scaly, dermatitic-appearing plaques on the legs (arrows). (b) Six weeks
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Fig. 7.26 (a) Reactive erythema including diffuse erythema may sig-
nal the onset of skin cGVHD. (b) After resolution, pitting scarring may
result, possibly from follicular involvement

Fig. 7.25 Keratosis pilaris. (a) These keratotic papules with central
adherent scale may appear suddenly and clinically differ from classic
keratosis pilaris in distribution. (b) The patient may also present with
erythematous follicular papules, resembling inflamed keratosis pilaris
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Other Morphologies

Other reactive erythemas, including urticarial or erythema
multiforme-like lesions may occur (Fig. 7.27). Lesions of
the hands and feet may be mistaken for eczema (Fig. 7.28).

Fig.7.27 This patient has changes of poikiloderma on the upper back,
and erythema multiforme on the lower back. She later developed
fasciitis
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Fig.7.28 (a) This patient was thought to have recalcitrant hand eczema, until biopsy confirmed that GVHD. (b) This patient has cGVHD of the
palms, with the formation of vesicles. (¢, d) The dorsal hands and feet may also be affected
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Hair (Alopecia)

The etiology of alopecia is often multifactorial in transplant
patients. Pathology may be helpful in furthering determining
the etiology (Figs. 7.29, 7.30 and 7.31).

Fig.7.30 De novo alopecia areata in a patient with active papulosqua-
mous cutaneous cGVHD on the trunk. The white cream was applied for
anesthesia prior to biopsy

Fig. 7.29 Lichen planopilaris-like c¢cGVHD leading to patchy
alopecia

Fig. 7.31 Sclerosis of the dermis leads to destruction of the hair appa-
ratus and alopecia
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Nail Changes

Nail changes in GVHD may be relatively nonspecific, but
some changes are more characteristic (Figs. 7.32 and 7.33).

Fig. 7.32 Nail GVHD may be characterized by relatively nonspecific changes of longitudinal ridging, brittle nails, dystrophy (a) or onycholysis
(b). More characteristic changes include pterygium unguis (¢) or complete loss of the nail (d)
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Fig. 7.33 An interesting nail change is melanonychia striata, which may occur from the localized nail bed, especially in darker-skinned individu-
als (a) and sometimes in multiple nails (b)
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Conclusion

The new onset of sclerotic skin, lichen planus, poikilo-
derma, and lichen sclerosus after allogeneic HSCT are
sufficient to establish the diagnosis of chronic cutaneous
GVHD. Epidermal cGVHD may present with a myriad of
different and subtle phenotypes, however, mimicking rel-
atively banal and otherwise common dermatologic condi-
tions such as xerosis, keratosis pilaris, ichthyosis, and
eczema. When these findings appear de novo in the right
clinical setting, the clinician should consider the possibil-
ity that they represent cutaneous cGVHD.

Sometimes the distribution is atypical, as in keratosis
pilaris—like GVHD, not always confined to extensor sur-
faces. Often there are other, more definitive signs of
GVHD that appear at the same time, or there is history of
a triggering factor, such as changes in the immunosup-
pressive regimen, an infection, or sunburn. Pathology is
often helpful in diagnosis.

From a treatment perspective, cutaneous epidermal
cGVHD is more amenable than sclerotic cutaneous

cGVHD to topical modalities of therapy, including cor-
ticosteroids, calcineurin inhibitors, and phototherapy.
Complete skin examinations, mapping and documenta-
tion of skin findings, close follow-up, and pathology all
contribute to the early recognition of epidermal
cGVHD.
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Dermal and Subcutaneous Chronic
Graft-Versus-Host Disease

Benjamin H. Kaffenberger and Samantha M. Jaglowski

Dermal and subcutaneous chronic graft-versus-host disease
(cGVHD) is a severely restricting form of cGVHD, which
may begin insidiously before progressing to ulcerations,
limb movement limitations, and even restrictive lung dis-
ease. Multiple studies have demonstrated the use of total
body irradiation and mobilized stem cells as risks for this
form of cGVHD. As more peripheral blood-based hemato-
poietic stem cell transplants (HSCT) are performed, the inci-
dence of this form of cGVHD is likely to increase. Several
unique clinical signs can help to identify early disease.

Treatments are often cumbersome, expensive, and/or
experimental. The ideal treatment would be able to target
both active immune disease, including fibroblastic growth
signals, and inactive fibrosis. There is support for photoche-
motherapy and narrow-band UVB phototherapy, as well as
other skin-directed treatments and systemic immunomodula-
tors. Clinical trials are necessary to ascertain the ideal treat-
ment regimen.

Clinical Presentation

Chronic graft-versus-host disease (¢cGVHD) in its myriad
forms occurs in about 50 % of patients after HSCT, but it
varies widely based on many factors, including human leu-
kocyte antigen (HLA) match, GVHD prophylaxis, age,
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donor sex, and the disease being treated with the transplant
[1, 2]. Dermal and subcutaneous cGVHD may present dif-
ferently depending on the depth and degree of involvement.
Pedagogically, the different morphologies are most easily
remembered by considering their non-GVHD autoimmune
counterpart. For superficial dermal sclerotic disease, the
counterpart is lichen sclerosus. For more extensive and
deeper dermal sclerotic disease, it is morphea. Deeper than
the dermis is the subcutaneous fat, where the presentation
can resemble lupus panniculitis. The deepest disease,
occurring at the fascial interface and fibrous connective tis-
sue, is clinically analogous to eosinophilic fasciitis.
Although there are different morphologies, there are no
data separating the prognosis of these entities. It is best to
group them as sclerotic-type cGVHD, as there is often
coexisting fibrosis of the dermis, subcutaneous fat, and
fascia.

The sclerosis is commonly called sclerodermoid, but
there are substantial differences between systemic sclero-
sis and cGVHD, so it is better to recognize this disease as
sclerotic-type cGVHD [3]. Sclerotic-type cGVHD tends to
occur in about 20 % of patients who develop any form of
c¢cGVHD, with a higher incidence in patients who have
received peripherally mobilized stem cell transplants and
higher doses of total body irradiation [4]. The develop-
ment of sclerotic-type cGVHD is also associated with pro-
longed immunosuppression following HSCT [4], which
may be a surrogate for having an earlier subtype of
GVHD. Other forms of cGVHD (for example, the lichen-
oid form) often evolve over time into a dermal and subcu-
taneous cGVHD, but the reverse does not happen.
Additional clinical findings associated with the sclerosing
dermal and fascial forms of cGVHD include elevated
platelet counts, higher levels of C3 complement, and
diminished pulmonary function tests [5].

The morphologies and associated signs are listed below,
in order from superficial to deep. There is substantial varia-
tion, however, and often sclerotic-type cGVHD will have
overlapping depths of involvement.
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Superficial Dermis: Lichen Sclerosus Type

The most superficial form is lichen sclerosus—like disease.
These hypopigmented, thin patches and plaques often have a
slight cigarette-paper epidermal atrophy that can be observed
on close inspection. Follicular plugging may also be noted.
The lesions tend to develop within interflexural areas of the
body, including the neck, axilla, popliteal fossa, antecubital
fossa, breast, and gluteal folds. There often are peripheral
skip plaques surrounding a larger plaque, which will eventu-
ally coalesce if treatment is not commenced. Based on the
tension on these interflexural areas, they also have a tendency
to develop into highly painful ulcerations, which heal poorly.
When they finally do heal, the result is further scarring and
worsened mobility of the underlying joint (Fig. 8.1).

Fig. 8.1 Shiny, hypopigmented plaques with satellite plaques over the
gluteal fold, representing superficial dermal chronic graft-versus-host
disease (cGVHD) of the lichen sclerosus type

Deep Dermis: Morpheaform Type

The classic sclerotic-type (morpheaform) cGVHD tends to
occur deeper in the dermis and thus does not result in the
superficial hypopigmentation or cigarette-paper atrophy
(Fig. 8.2). However, both superficial and deep forms of these
entities may coexist. It tends to occur de novo in areas of
pressure and chronic friction, such as the waistband
(Fig. 8.3), the axilla, and areas of chronic edema, such as the
lower extremity. Other than areas of edema and chronic pres-
sure, there are also many reports of the isotopic and isomor-
phic development within areas of trauma or preexisting
cutaneous damage, such as herpess zoster (Fig. 8.4), port
sites, or previous needle-sticks [6, 7]. The similarities to
morphea are very interesting, as there are also many reports
of morphea developing within areas of localized cutaneous
radiotherapy [8]. A specific entity that tends to develop out
of morpheaform cGVHD is the angiomatosis phenomenon
(Fig. 8.5) [9]. These patients present with long-standing scle-
rosis with superimposed vascular patches or even nodules
that may look like dense telangiectasias to very large pyo-
genic granulomas.

Fig. 8.2 The right forearm of a patient with extensive induration over
the dorsal arms, representing deeper dermal involvement; superficial
hypopigmentation is no longer visible
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Fig. 8.3 Sclerotic-type cGVHD developing at the site of the waist-
band, representing chronic friction, with features of both morpheaform
and lichen sclerosus morphologies, as well as a central ulceration

Fig. 8.4 Infiltrated hypopigmented plaques developing at the site of
previous herpes zoster

»
'

Fig. 8.5 Extensive vascular plaques and tumors developing over the
lower extremity, interspersed with large ulcerations at the site of previ-
ous plaques, occurring within long-standing sclerotic-type cGVHD and
representing the GVHD-angiomatosis phenomenon
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Subcutaneous Fat (Panniculitic) cGVHD

The next layer of the integument is the subcutaneous fat or
the panniculus. The typical autoimmune or autoinflamma-
tory diseases that affect this area are called panniculitis, with
examples such as erythema nodosum, lupus panniculitis, or
erythema induratum. Subcutaneous involvement of cGVHD
typically has an appearance that would best fit a severe form
of lupus panniculitis. The evanescent erythema and indu-
rated patches typical for erythema nodosum are not present;
instead, the skin has normal coloration with extensive under-
lying rippling, resembling a cobblestone appearance or
accentuated cellulite. The architecture of the subcutaneous
fat consists of numerous lobules that are held in place by
fibrous septae that encompass the lobules and provide struc-
ture. cGVHD in this setting appears to thicken the septae,
resulting in a regularly spaced fat herniations surrounded by
tethered septae (Fig. 8.6).

Fig. 8.6 Infiltrated plaques diffusely over the distal arm, with the prox-
imal arm developing a cobblestoning or “pseudocellulite” appearance
from the involvement of the subcutaneous fat

Fascial cGVHD

Although the fascia is of musculoskeletal derivation and is
not part of the integument, there is often fibrosis adherent to
this layer. The prototype autoimmune disease of this level is
eosinophilic fasciitis or Shulman syndrome. The fascial dis-
ease in cGVHD does not have an age or sex predilection, and
the findings may be unnoticed initially except for a subtle
groove sign, indicating the tethering of the skin along the
tendons (Fig. 8.7). The other signs of involvement include
the restricted prayer sign (Fig. 8.8) and the pipestem defor-
mity (Fig. 8.9). This last finding tends to indicate that the
disease has progressed to involve not only fascia but full-
thickness to the superficial layers of the dermis. At this point,
the skin is diffusely infiltrated and immobile from the under-
lying muscle or bone.

Fig. 8.7 Linear groove over the right forearm flexors, forming the
“groove sign” of fascial involvement of sclerotic-type cGVHD
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Fig. 8.8 The impaired “prayer sign” preventing the patient from flatly
apposing her hands, indicating fascial disease of her forearms

Fig. 8.9 Diffuse involvement over lower extremity from the superficial
dermis to the subcutaneous fat and fascia, resulting in the “pipestem”
deformity. This patient also has an incidental findings of GVHD
angiomatosis

Prognosis

When comparing patients with all forms of cGVHD to those
without cGVHD, there is reduced overall and nonrelapse
survival [10-12], although mild disease does not appear to
impact survival. Consistently, higher mortality has been
shown in patients with all types of cGVHD, when comparing
severe to mild [13]. When looking at the impact of body sur-
face area involvement in patients with sclerotic-type cGVHD,
mortality is higher for those with more extensive sclerotic
disease [5].

Although there is an impaired survival rate in patients
with moderate or severe sclerotic-type cGVHD, another sig-
nificant issue is the loss of quality of life (QOL) from associ-
ated lung disease, contractures, immobility, pruritus,
ulcerations, and pain. Patients with cGVHD have been
shown to have an overall QOL similar to patients with other
severe autoimmune diseases such as multiple sclerosis, sys-
temic sclerosis, and systemic lupus erythematosus [14].
Studies have shown that about 40 % of patients who develop
cGVHD will be on disability or medical leave because of
their illness [13]. Specifically, patients with sclerotic-type
cGVHD tend to complain of more restriction of movement,
loss of grip strength, skin color changes, skin ulcerations,
itching, and joint stiffness than patients with other forms of
GVHD [5].

Treatment

Treatments can be subdivided into those that are skin-
directed and those that are systemic. The ultimate treatment
decision will depend on more than just cutaneous involve-
ment, especially if higher-risk organs such as the GI tract,
lungs, and liver are also involved. Patients with mild disease
may not need treatment; they may be benefiting from some
graft-versus-leukemia effect at that stage [15].

Scoring Systems to Determine the Effect
of Treatment

One of the difficulties in assessing the prognosis and QOL
features is that cGVHD is a multiorgan disease. It is difficult
to assess sclerotic-type skin disease alone without the effect
of oral, genital, ocular, or lung disease. However, the discus-
sion of treatment efficacy will attempt to focus on studies
using cutaneous endpoints.

The most commonly used validation system is the
National Institutes of Health (NIH) consensus conference
criteria, based on a simple four-point scale to assess a patient
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for no involvement or mild, moderate, or severe involvement
[15]. This system was initially created on the basis of expert
opinion, and although it appears very simplistic, developing
stronger, organ-specific staging methods has not proved bet-
ter in predicting disease mortality [16]. As no scales have yet
surpassed this system, it is usually used for clinical trials,
often supplemented with QOL measurements. The QOL
tools typically used are the Lee symptom scale, a validated
rating specifically for patients with cGVHD [13], and the
SF-36 Short Form Health Survey, among others.

Skin-Directed Therapeutics

Topical Corticosteroids, Vitamin D Analogues,
Calcineurin Inhibitors

There are very limited data on topical immune modulators
(which have indications for psoriasis and atopic dermatitis),
and their expected benefit for patients with deep dermal dis-
ease is low, but they do offer the benefit of being inexpensive
and generally low-risk. In a case series of 18 patients with
cGVHD, 13 of the 18 found a benefit from topical tacrolimus
in terms of scaling, pain, or “tightness,” but validated
response scales were not used and the patients did not neces-
sarily have the sclerotic disease [17]. For patients with super-
ficial dermal disease (ie, lichen sclerosus—like disease)
topical corticosteroids and calcineurin inhibitors may have a
particular benefit. Topical corticosteroids and calcineurin
inhibitors are the standard of care for patients with lichen
sclerosus. A typical treatment consists of a super-high-
potency corticosteroid such as augmented betamethasone
dipropionate 0.05 % or clobetasol 0.05 % cream/ointment
applied twice daily to the affected area, then transitioning to
tacrolimus 0.1 % ointment as the patient improves. The tran-
sition to tacrolimus ointment is important, to prevent con-
cerns such as worsening of dermal atrophy, telangiectasias,
and development of striae. One should be wary of occluding
the tacrolimus ointment for long periods of time or over large
surface areas, as systemic absorption has occurred in patients
with cGVHD. Using lichen sclerosus as a model, it appears
very reasonable to treat patients with superficial cutaneous
cGVHD initially with topical immunomodulators. For
patients with deeper disease, one can try to use topical immu-
nomodulator to manage the associated pruritus.

Phototherapy

Based on the action spectrum of available phototherapy
wavelengths, ultraviolet A (UVA) spectrum with the longer
wavelengths (320-400 nm) would appear more effective for
deeper disease. To maximize the strength of the UVA and
minimize the amount of required time for patients, patients
may ingest 8-methoxypsoralen (psoralen + UVA = PUVA or
photochemotherapy) or have the same compounded into a

1 % topical ointment to be applied 30-60 min prior to the
phototherapy. The other commonly used light spectrum is
narrow-band ultraviolet B (nbUVB, 311-313 nm). The
advantage of this wavelength is that it is shorter, with a
decreased risk of melanoma and nonmelanoma skin cancers.
With the shorter wavelength, however, it is generally consid-
ered less able to treat deep skin disease. Both treatments work
through inactivation of antigen-presenting cells and activated
T cells, while building antigen tolerance over time. One side
benefit from instituting phototherapy is the reduction in itch,
although it generally takes about 2 months for improvement.
A systematic review has suggested a benefit from both UVA1
and PUVA for patients being treated for sclerotic-type
cGVHD as well as for the prototype diseases—lichen sclero-
sus, morphea, and eosinophilic fasciitis [18].

Narrow-Band UVB

Studies in cGVHD are only case series, but there is a report
of two patients with sclerotic-type cGVHD who noticed a
substantial improvement in pruritus and dryness of their skin
after 30—40 treatments using nbUVB, without benefit to their
deep sclerosis [19]. Conversely, recent reports suggest that at
least one patient with sclerotic-type cGVHD has shown
improvement from the use of nbUVB, but the cumulative
dose energy was twice as much as the previous report [20].
At this time, there is sparse evidence to suggest a benefit for
patients with sclerotic forms of cGVHD, but given the low
cost, minimal adverse effects, and clear benefit in patients
with acute and overlap forms of GVHD, a trial for 2-3 months
may be reasonable.

Photochemotherapy/PUVA

The active medicine with this technique is 8-methoxypsoralen,
the same chemical used in extracorporeal photopheresis. As
mentioned previously, UVA with a longer wavelength pene-
trates well into the dermis. In patients who had the lichen
sclerosus subtype, using PUVA in combination with multiple
systemic therapies resulted in some improvement in two
patients and significant improvement in three patients treated
with 20-160 treatments [21]. Another three patients showed
significant objective improvement by depth of fibrosis using
PUVA, as did one patient with nbUVB and one with UVA1
[22]. PUVA appears effective for some patients, but even if a
strong response is generated, these patients should ensure a
follow-up with dermatology at least once yearly, as there is
an increased risk of melanoma and nonmelanoma skin
cancer.

UVA1

UVAL is a mid-range wavelength that is administered for
sclerotic diseases without concomitant ingestion or applica-
tion of psoralen. It is used primarily for patients with scle-
rotic disease such as morphea. The greatest limitation to its
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use is finding dermatologists who have the device, which
tends to be very expensive and requires long treatment ses-
sions. Several single-patient case reports suggest efficacy in
highly pretreated patients [22, 23]. Studies have shown com-
plete remission in three of five patients with sclerotic-type
c¢GVHD and partial improvement in two of five patients in an
average of 21 sessions [24]. Another study showed that in
patients with sclerotic-type disease, all three patients had a
partial response to UVAI treatments, with all being able to
reduce their immunosuppression [25].

Non-skin-directed Systemic Therapeutics

Systemic therapeutics are used to suppress graft activity,
although the ideal treatment would be one that results in
modulation of graft-versus-host activity without loss of the
graft-versus-leukemia/lymphoma effect.

Conventional Inmunosuppression,

Corticosteroids, Steroid-Sparing
Immunosuppressants, Calcineurin Inhibitors
High-dose (1 mg/kg) oral corticosteroids and steroid-spar-
ing agents such as mycophenolate mofetil make up the
first-line standard of care for patients with moderate or
severe cGVHD. If patients improve, then the corticoste-
roids are weaned. In practice, if the patient’s GVHD is
skin-predominant, utilizing a skin-directed therapy such as
PUVA or UVAI or an immunomodulator such as extracor-
poreal photopheresis (ECP) is a reasonable option to help
wean systemic corticosteroids. If steroids fail, there is no
clear evidence-based escalation. Although steroid-sparing
options such as mycophenolate mofetil and cyclosporine
are available, studies have shown no treatment benefit for
the latter [26] and actually decreased survival for the for-
mer [27].

Tacrolimus tends to be the default immunosuppression
after transplantation. Its dose is titrated to effect based on
whether acute or overlap GVHD develops, but there are
reports that sirolimus may be an effective additive. In the
initial paper, 8 of 11 patients with sclerotic involvement of
their skin responded to therapy with low-therapeutic dosing
of sirolimus in combination with their typical immunosup-
pression [28]. Similarly, in follow-up studies, 70-94 % of
patients with sclerotic cGVHD demonstrated some improve-
ment with immunosuppressant regimens inclusive of siroli-
mus [29, 30]. However, drug interactions, acute kidney
injury, and edema may limit its use [31].

Extracorporeal Photopheresis

Extracorporeal photopheresis (ECP) utilizes the same
technique as cutaneous photochemotherapy, except that it
is performed ex vivo. 8-MOP is incubated with the

patient’s leukocytes prior to UVA irradiation, with the end
result of increasing graft tolerance and T-cell regulation
systemically.

In patients with severe cGVHD, including 20 with exten-
sive cutaneous lichenoid or sclerotic involvement, a 53 %
improvement in scoring measurements was seen, and over
80 % of patients were able to decrease their concomitant
immunosuppression [32]. Patients with sclerotic-type
cGVHD actually may have a slightly higher response rate to
ECP (71 %) when compared with all patients with cutaneous
cGVHD (59 %) [33]. In a prospective study, patients were
able to decrease their standard immunosuppression and
showed significant skin improvement in the nonblinded anal-
ysis [34].

Rituximab

There is also evidence for the use of rituximab, a monoclo-
nal CD20 chimeric antibody typically reserved for lympho-
mas, leukemias, rheumatoid arthritis, and autoimmune
blistering diseases. It is dosed in the lymphoma protocol, at
375 mg/m?* x 4 weeks, a regimen that can be repeated after
3 months. In early studies of eight patients with sclerotic-
type ¢cGVHD, clinical improvement was noted in four,
including improvement in pulmonary function testing from
loosening of the chest wall [35]. Further prospective studies
on cutaneous sclerosis have demonstrated a significant clin-
ical response in 27 % of patients, no higher than patients
treated with imatinib [36]. Of note, the study used different
validated scoring methods than most cGVHD studies. A
meta-analysis of rituximab in this setting asserted that cuta-
neous response rates vary between 0 % and 83 %, but small
study sizes and variable outcome measures prevent clear
interpretation [37].

Imatinib

Imatinib, a tyrosine kinase inhibitor targeted to the
Philadelphia chromosome, has shown abilities to modulate
transforming growth factor—f and platelet-derived growth
factor. It is typically dosed at 400 mg daily in adults.
Although it demonstrated substantial cutaneous improve-
ment in several early case series, it demonstrated only
30-35 % partial response in larger case series of patients
with sclerotic-type cGVHD [38, 39]. When compared pro-
spectively with rituximab, the rate of a significant clinical
response in the skin was only 26 % [36].

Ruxolitinib

Ruxolitinib, a selective JAK1/JAK2 inhibitor approved for
use in myelofibrosis and polycythemia vera, has recently
become a new agent for cGVHD treatment. Overall, the data
are sparse. An early preclinical study [40] led to a prospec-
tive trial demonstrating an 85 % overall response rate [41],
but the response rate differed from rates in previous studies
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and was based on the ability to taper steroids and systemic
immunosuppression by 50 %. No clear specifics were given
on the form of cutaneous cGVHD treated.

Low-Dose Interleukin-2

There is evidence for increased immune tolerance to
decrease the activity of cGVHD through the use of low-dose
interleukin-2 infusions [42, 43]. In the studies, slightly
under 50 % demonstrated some improvement in their skin,
subcutaneous tissue, and underlying fascia [44].
Unfortunately, this treatment is very expensive and time-
consuming for patients.

Ibrutinib

Ibrutinib is an oral medication that is a first-in-class inhibitor
of bruton tyrosine kinase (BTK) and IL-2-inducible T-cell
kinase (ITK). It has showed efficacy in multiple preclinical
studies [45, 46]. Clinical trials are currently under way to
asses its efficacy for cGVHD.

Pathology
Histopathology

For the diagnosis of sclerotic-type cGVHD, tissue confirma-
tion is not typically necessary. The disease is most often a
late finding associated with previous forms of GVHD, and
the clinical findings at this stage are almost pathognomonic
in this setting. If histopathology is performed, thickening of
collagen bundles throughout the superficial, deep, or entire
dermis; panniculitis (inflammation of subcutaneous fat); and
fibrous thickening of the fascia with surrounding inflamma-
tion of fat and septae are all considered specific criteria for
sclerotic-type cGVHD [47]. Follicular plugging and some
vacuolar degeneration of the basal keratinocytes may still be
present, particularly in the lichen sclerosus variant [48].

In this setting of sclerotic disease, the GVHD-angiomatosis
phenomenon may occur within sclerotic plaques. A biopsy
in this case would demonstrate an extensive endothelial pro-
liferation with surrounding fibrosis, sometimes with an asso-
ciated lobular endothelial protrusion and a surrounding
epithelial collarette. Intravascular papillary endothelial
hyperplasia and thromboses may be seen within dilated
channels [9] (Fig. 8.10).

Fig. 8.10 Low-power pathology of a GVHD-angiomatosis finding on
the lower extremity, demonstrating extensive endothelial proliferation
and vessels of varying sizes, with a surrounding collarette of epidermis
and an overlying serum crust (H&E, 40x)
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Immunophenotype and Molecular Findings

There usually is a sparse infiltrate with extensive collagen
deposition. The sclerotic form appears to be driven by a Th1
phenotype with additional upregulation of interferon-y,
CXCR9, CXCLI10, and CCLS5 [49].

The endothelial cells typical of this type of sclerosis tend
to demonstrate a full component of normal endothelial sur-
face expression markers [46]. Chimerism has been shown
within the epidermal, endothelial, and fibroblast cells, with a
substantial proportion donor-derived [50, 51]. In patients
with GVHD angiomatosis, it does appear that the endothelial
proliferation is of donor origin [52] (Fig. 8.11).

Fig. 8.11 High-power fluorescence in situ hybridization (FISH) dem-
onstrating anastomosing endothelial cells underlying the epidermis
with a’Y chromosome (red) in a female patient with GVHD angiomato-
sis and a sex-mismatched donor. The X chromosome is green (400x).
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Differential Diagnosis

The diagnosis is based on clinical presentation, previous
history of GVHD, and rarely a biopsy. The most important
features are recognizing that the patient had an allogeneic
HSCT with the onset of the skin induration. The deep forms
of sclerosis are very easy to recognize. The superficial stage
sometimes can require looking at other specific features,
including follicular plugging, locations such as flexural sur-
faces on the body, or involvement in areas of low-grade
trauma or friction.

Lichen Sclerosus, Morphea, Systemic Sclerosis,
Lupus Panniculitis, Eosinophilic Fasciitis

As mentioned above, sclerotic-type cGVHD can mimic all
these prototype autoimmune skin diseases. With that being
said, if these diseases occur after transplantation, they would
be recognized as clinical variants of cGVHD.

Nephrogenic Systemic Fibrosis

It is possible that a toxic exposure can result in similar scle-
rotic findings. Nephrogenic systemic fibrosis occurs from
gadolinium deposition when patients undergo a contrast
MRI in the setting of acute or chronic kidney disease, but it
is now seen much less often because of aggressive screening
for kidney disease in patients receiving MRIs. The disease
typically presents with varying degrees of superficial to deep
infiltration, ranging from superficial peau-d’orange—like
plaques over the extremities to the deep cobblestoning of
subcutaneous involvement. Contractures and an impaired
prayer sign may also occur, just as in sclerotic-type
cGVHD. Over time, the skin develops a firmer, “woody”
induration of the area. Gadolinium is detectable in skin
biopsy specimens, by scanning electron micrograph, or by
mass spectroscopy [53]. The most critical differentiating fac-
tor, however, is the presence of renal failure in combination
with a contrast MRI.

Toxic Oil Syndromes

Toxic oil syndromes have occurred unpredictably throughout
the past century, involving substances such as jet aircraft oil
in the 1950s, contaminated rice oil in the 1960s, and con-
taminated rapeseed oil in the 1980s. All these epidemics
contained different contaminants and may have been pre-
sented as typical food oils [54]. When these syndromes
occur, patients may notice a rapid onset of myalgias, dys-
pnea, and a striking eosinophilia with an abrupt development



102

B.H. Kaffenberger and S.M. Jaglowski

that would be atypical for cGVHD. Over time, fascial tight-
ening and sclerosis are noted, which can be similar to
cGVHD. These diseases are extremely unlikely but might be
reasonable to consider in the setting of a rapid onset of myal-
gias and marked eosinophilia.

Vascular Tumors

The GVHD-angiomatosis phenomenon may be confused for
pyogenic granulomas, cavernous hemangiomas, and atypical
vascular lesions that following radiation exposure. However,
GVHD angiomatosis develops solely within areas of preex-
isting sclerotic-type cGVHD. Otherwise, without proper
clinical context, biopsy specimens could very well be read as
a pyogenic granuloma, cavernous hemangioma, or another
endothelial growth [9]. If a biopsy is performed, no
endothelial cell atypia is found, which should rule out atypi-
cal vascular lesions and angiosarcomas [55].

Conclusion

This case highlights the late onset of acute GVHD, the
insidious development of sclerotic-type cGVHD, diffi-
culty in treating patients with cGVHD, and the develop-
ment of GVHD angiomatosis within the areas of sclerosis.
Unfortunately, patients will often notice a nonspecific
edema prior to the development of the sclerotic findings.
In this treatment setting, there is no clear second-line ther-
apeutic option behind corticosteroids. After the failure of
steroids and steroid-sparing agents, ECP and rituximab
also failed. Sirolimus did appear to result in disease sta-
bility, but she already had extensive cGVHD of the skin.
Based on this patient and many others like her, better
therapeutic options are needed. The ideal treatment would
not only arrest the development of further cGVHD but
also target the inactive fibrosis that is the hallmark of the
deep cutaneous forms of cGVHD.
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Pediatric Graft-Versus-Host Disease

Valerie Carlberg, Emily Simons, Sophia Delano,

and Jennifer T. Huang

Children undergo hematopoietic stem cell transplantation
(HSCT) for a variety of reasons: hematologic malignancies,
select visceral organ malignancies, bone marrow failures,
immunodeficiencies, metabolic disorders, autoimmune dis-
orders, and other life-threatening conditions [1, 2]. In 2013,
13 % of HSCT patients in the United States were younger
than 21 years of age [3]. As in adults, acute and chronic
graft-versus-host disease (GVHD) are among the most
important causes of nonrelapse mortality in children after
HSCT. Most GVHD literature focuses on adult patients,
however, and is not universally applicable to pediatric
patients. This chapter focuses on unique characteristics of
acute and chronic GVHD in children, highlighting both what
is known and what is yet to be understood about these com-
plex diseases.
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Acute Graft-Versus-Host Disease in Pediatric
Patients

Introduction to Acute GVHD

Acute GVHD is one of the most common and serious com-
plications following HSCT in pediatric patients; it primarily
affects the skin, liver, and gastrointestinal tract. There are
many similarities between pediatric and adult GVHD, but
several variables in pediatric patients contribute to unique
clinical features, diagnostic criteria, and treatment of pediat-
ric acute GVHD.

Incidence of Acute GVHD

Pediatric patients have a lower incidence of acute GVHD
than adults. Decreased incidence may be attributed to more
frequent use of cord blood as a stem cell source, nonmalig-
nant indications for transplantation, limited history of prior
infections, and overall improved state of health in children
[2]. The incidence of grade II-IV acute GVHD ranges from
40 to 85 % depending on the degree of HLA mismatch in
children receiving unrelated bone marrow transplantation,
and is about 27 % in those receiving grafts from HLA-
identical siblings [4-7]. There is greater tolerance of the
same degree of HLA mismatch in cord blood transplants
over bone marrow transplants, with the reported incidence of
acute GVHD ranging from 19 to 41 % [2, 8, 9]. T-cell-
depleted grafts also decrease the incidence of acute GVHD,
with an incidence of 19 % in one study [8].
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Risk Factors for Acute GVHD

As in adults, the most significant risk factor for acute GVHD
in pediatric patients is HLA mismatch between donor and
recipient. Additional clinical, genetic, and biomarker-based
risk factors have been postulated in both patient populations
(Table 9.1).

Table 9.1 Potential risk factors for acute GVHD in pediatric patients

Host variables

Recipient age <1 or >10 years [10]

Malignancy as indication for transplant, as well as features of
more advanced disease (WBC >50 x 10°/L and cytogenetic
abnormalities t(4;11), t(9;22), and hypodiploidy) [2, 6, 10-12]

Prior damage to gut (viral illness, prolonged fasting) [12]

Donor or graft variables
HLA mismatch [2]
Use of unrelated donor [2]
ABO blood group mismatch [2]
Older donor age (>8) [11, 13, 14]
Female multiparous donor to male recipient [11, 13]
Graft stem cell source (PBSC > BM > UCB) [4, 11]

Graft with high CD34+ cell dose or low regulatory T-cell
content [12]

Other variables
Conditioning with total body irradiation [2, 6, 11, 12]
Single-agent GVHD prophylaxis [12, 14]
Genetic polymorphisms within genes encoding for innate

immunity, or inflammatory/immunoregulatory proteins in either
donor or host [12]

BM bone marrow, GVHD graft-versus-host disease, HLA human leuko-
cyte antigen, PBSC peripheral blood stem cell, UCB unrelated cord
blood, WBC white blood cell

Clinical Features of Acute GVHD

Although acute GVHD most often occurs within 1-2 months
after HSCT [6, 15], the diagnosis can be made at any point
after transplantation. Because time-based criteria are cur-
rently less emphasized, there is a greater emphasis on clinical
features in making the diagnosis of acute GVHD [10, 15, 16].

Acute GVHD most commonly targets the skin, liver, and
gastrointestinal tract [1, 17]. The skin is the most frequently
affected organ and is often the first involved [15]. The classic
rash is pruritic, may be painful, and is characterized by ery-
thematous macules and papules coalescing on the trunk and
extremities (often sparing the scalp), resembling the morbil-
liform rash of measles (Fig. 9.1). Acral involvement is com-
mon (Figs. 9.2 and 9.3). In severe GVHD, bullae and
desquamation may develop, and with extensive involvement,
may resemble toxic epidermal necrolysis (TEN) (Figs. 9.4
and 9.5). Gastrointestinal symptoms include nausea, vomit-
ing, anorexia, abdominal pain, and diarrhea [15].

Fig.9.1 Acute GVHD presenting as a morbilliform skin eruption
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Fig. 9.4 Bullous lesions are a poor prognostic sign in acute GVHD

Fig.9.2 Acral involvement in acute GVHD

Fig.9.5 Toxic epidermal necrolysis—like acute GVHD

Fig. 9.3 Acral involvement (ear) in acute GVHD
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Differential Diagnosis for Acute GVHD

The differential diagnosis for acute GVHD includes bacte-
rial/viral exanthem, engraftment syndrome, toxic erythema
of chemotherapy, drug hypersensitivity reaction, and radia-
tion recall dermatitis [1, 2].

Infectious exanthema occur more commonly in children
[18] and solid-organ transplant and HSCT recipients are at
increased risk for HHV6 and HHV7 reactivation, making
infectious etiologies important to consider. Signs and symp-
toms of infection typically accompany the classic childhood
exanthems, and the distribution and evolution of the rash
may be helpful in differentiating these from acute GVHD. The
viral exanthem of HHV6 is characterized by erythematous
macules and papules surrounded by white halos, which begin
on the trunk and spread to the neck and proximal extremities.
It is accompanied by high fever (101-106 °F) and resolves
over several days [18].

Engraftment syndrome occurs within days of granulocyte
recovery and is characterized by fever >38.3 °C without a

Fig. 9.6 Toxic erythema of chemotherapy presenting as tender, ery-
thematous nodules on acral surfaces

source of infection, rash over more than 25 % of body sur-
face area that is not attributable to medication, and pulmo-
nary edema [19]. Toxic erythema of chemotherapy (TEC) is
a spectrum of cutaneous reactions to chemotherapeutic
agents, most commonly presenting with erythema and ten-
derness of the palms, soles, and flexural regions including
the axillae and groin (Fig. 9.6) [20]. There may be an
increased incidence of TEC with conditioning regimens
composed of busulfan and fludarabine, with a median onset
of 22 days after dose administration [21].

Drug hypersensitivity reactions to non-chemotherapeu-
tic agents should also be considered, although they tend to
occur more in adults. Drug reactions typically occur within
1-14 days of initiating a drug, manifesting as a morbilli-
form rash on the trunk, which spreads to the extremities
and less commonly involves the face, palms, or soles.
Radiation recall dermatitis should also be considered in
the setting of total body irradiation or recent history of
sunburn followed by methotrexate for GVHD prophylaxis
(Fig. 9.7).

Fig.9.7 Radiation recall dermatitis in a child with prior history of sun-
burn folowed by methotrexate for GVHD prophylaxis
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Histopathology and Laboratory Evaluation
of Acute GVHD

Though skin biopsies may confirm a diagnosis of acute
GVHD if clinical suspicion is high, the histologic findings
are nonspecific. Histologic findings include sparse lympho-
cytic interface and perivascular inflammation with variable
degrees of adnexal extension. Dyskeratosis, spongiosis, lym-
phocytic exocytosis, and satellitosis may also be present. In
addition to lymphocytic infiltration, eosinophils may be
noted, making it difficult to distinguish acute GVHD from
drug hypersensitivity reactions. In more severe acute GVHD,
subepidermal clefting and full-thickness epidermal necrosis
may be seen, mimicking toxic epidermal necrolysis [22, 23].
Many of the differential diagnoses show similar features,
making biopsy unhelpful or misleading if wrongly inter-
preted [24-29]. Thus, clinical observation is key in making
an accurate diagnosis, with close attention paid to time
course, evolution of disease, and response to withdrawal of a
potential offending agent.

Laboratory evaluation shows hyperbilirubinemia and may
show transaminitis [15]. Viral serologies may be helpful for
suspected viral exanthema [18].

Classification of Acute GVHD

Proper classification of acute GVHD is important, as this
largely directs therapy. In 1974, Glucksberg devised the orig-
inal staging system for acute GVHD, which was later modi-
fied during the Keystone Conference in 1994 [30]. The
Keystone staging attempted to classify acute GVHD based
upon the extent of skin, liver, and gut involvement, but the
staging of pediatric gut GVHD was not discussed during the
Keystone Conference, and stool output varies considerably
between children and adults. The current proposal set forth
by the University of Michigan and now utilized by the Mount
Sinai Acute GVHD International Consortium redefines the
Keystone criteria based on volume of diarrhea per kilogram
of body weight, rather than absolute volume (Table 9.2) [32].
An additional consideration when staging pediatric acute
GVHD is the difference in the distribution of body surface
area between adults and children, as children have larger
heads and smaller extremities than adults.

Table 9.2 Staging and grading of acute GVHD in children

Liver Lower GI (stool
Stage | Skin (bilirubin) | Upper GI output per day)
0 No GVHD <2mg/dL. | No or <10 mL/kg/
rash intermittent | day or <4
nausea, episodes/day
vomiting,
or anorexia
1 Rash <25 % 2-3 mg/dL | Persistent 10-19.9 mL/
BSA nausea, kg/day or 4-6
vomiting, episodes/day
or anorexia
2 Rash 3.1-6 mg/ 20-30 mL/kg/
25-50 % dL day or 7-10
BSA episodes/day
3 Rash >50 % 6.1- >30 mL/kg/
BSA 15 mg/dL day or >10
episodes/day
4 Generalized >15 mg/ Severe
erythroderma | dL abdominal
+ bullae pain * ileus or
grossly
bloody stool
(regardless of
stool volume)
Grade®
0 None None None None
1 Stages 1-2 None None None
1I Stage 3 Stage 1 Stage 1 Stage 1
11T Stage 0-3 Stage 2-3 | Stage 0-1 Stages 2-3
v Stage 4 or Stage 4 or | Stage 0-1 Stage 4

Adapted from Harris et al. [31]; with permission

BSA body surface area, GI gastrointestinal

*Grade is based on most severe target organ, regardless of presence/
absence of other organ involvement
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Treatment of Acute GVHD

Because of the difficulty in treating acute GVHD, there is a
significant emphasis on prevention. Prophylactic regimens
typically consist of one or a combination of the following
agents: prednisone, cyclosporine, tacrolimus, sirolimus,
methotrexate, mycophenolate mofetil, antithymocyte globu-
lin, or alemtuzumab [2].

Once acute GVHD occurs, the prophylactic regimen can be
adjusted and additional treatment may be considered, based on
the grade of disease. Grade I acute GVHD, which is limited to
the skin, usually has a favorable course and can be treated with
topical corticosteroids and calcineurin inhibitors or narrow-band

ultraviolet B phototherapy (nbUVB). For moderate to severe
(grade II-1V) acute GVHD, high-dose systemic corticosteroids
are employed as the first line of therapy [2, 33]. Unfortunately,
only about half of patients are responsive to steroids [15, 32]. If
there is no response to systemic corticosteroids after 2—7 days
or if there is rapid progression within 48-72 h, second-line
therapies should be considered. Table 9.3 outlines treatment
agents subject to trials in pediatric patients.

Additional agents, such as cyclophosphamide and thalid-
omide, have been discussed in case reports and small case
series [52, 53], but their efficacy and safety have yet to be
demonstrated in larger studies. Some agents with trials in
adults have not been studied in children.
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Outcomes of Acute GVHD

Though acute GVHD correlates with increased engraftment
and graft-versus-tumor effect [5], unfortunately it does not
correlate with survival in pediatric HSCT recipients. In fact,
acute GVHD increases the risk of chronic GVHD by 11-fold,
and steroid-refractory acute GVHD indicates a poor progno-
sis [5]. Mortality from acute GVHD ranges from 8 % for
mild acute GVHD to 55 % for severe acute GVHD, and is
usually due to infection, hepatic failure, or malnutrition [11,
12, 54]. Many of the aforementioned prophylactic and treat-
ment strategies result in some response, but none have been
shown to be more effective than the others. Furthermore, no
therapies have been shown to decrease mortality or prevent
progression to chronic GVHD [12]. As our understanding of
the pathogenesis of acute GVHD expands, additional tar-
geted therapies are likely to arise [55]. Until then, additional
randomized controlled studies are needed to assess the safety
and efficacy of these therapies in children.

Chronic Graft-Versus-Host Disease
in Pediatric Patients

Introduction to Chronic GVHD

Chronic GVHD is a major cause of morbidity and mortality
for children after HSCT. However, less is known about
chronic GVHD in children than in adults because the inci-
dence of HSCT is lower in children, and chronic GVHD
occurs half as frequently in pediatric HSCT recipients. Most
literature focuses on adult populations, with limited data
regarding the spectrum of cutaneous disease, safety and effi-
cacy of treatment, and outcomes in children.

Incidence of Chronic GVHD

In the United States, over 1500 allogeneic HSCTs are
reported annually in patients less than 20 years old, and

the incidence of chronic GVHD across all types of allo-
geneic HSCT is about 25 %, suggesting that at least
400 cases of chronic GVHD occur in children annually
[56, 57]. This incidence is about one half that of adult
populations.

The incidence of chronic GVHD varies widely by risk
factors, from as few as 6 % of sibling umbilical cord-blood
transplant recipients to 65 % of unmatched peripheral blood
stem cell transplant recipients [8, 58, 59]. In cohorts that
received HLA-matched bone marrow transplantation,
approximately 27-35 % of children developed chronic
GVHD, compared with 57-60 % of adults [60—62]. Males
are 50 % more likely than females to be affected by chronic
GVHD, in part because of the increased risk of chronic
GVHD associated with female donor to male recipient trans-
plantation [57].

Risk Factors for Chronic GVHD

The risk factors for chronic GVHD in children are largely the
same as for adults and include acute GVHD, female donor to
male recipient, peripheral blood stem cell transplant
(PBSCT) versus bone marrow or umbilical cord source,
increasing patient and donor age, HLA mismatch, non-T--
cell-depleted grafts, malignant diagnosis, and history of total
body irradiation [57, 61]. Concerns have been raised that
increased use in children of PBSCT, which currently
accounts for only 3—4 % of transplants in children, compared
with 20-40 % of transplants in adults, could substantially
increase the incidence of chronic GVHD [4, 56].

Prior acute GVHD is the strongest risk factor for chronic
GVHD, and severity of chronic GVHD tends to increase
with severity of acute GVHD. Prevention of acute GVHD
is critical for chronic GVHD prevention. Chronic GVHD
in children can occur, however, in the absence of acute
GVHD [61].
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Clinical Features of Chronic GVHD

Children tend to develop symptoms of chronic GVHD at a
median of 6 months after transplantation [62]. About 40 % of
these patients manifest extensive disease; the remainder
experience limited involvement of the skin, liver, or both
[57]. Skin is the most commonly affected organ, with cutane-
ous features in 65-80 % of children with chronic GVHD,
followed by oral lesions in half, liver disease in a third, and
GI involvement in 25-60 % [57, 63]. Lungs and eyes may be
less commonly affected by chronic GVHD in children than
other organs, though one study reports eye involvement in
50 % of patients [57, 64]. Oral lesions may be erythematous,
reticular, or ulcerative; they often are not painful, leading to
under-reporting [63].

Clinical features of cutaneous chronic GVHD reported in
children can be classified similarly to those in adults [16].
Peripheral edema often precedes chronic GVHD (particu-
larly sclerotic forms) in children (Fig. 9.8) [65].
Dyspigmentation is almost universal and vitiligo is a known,
but less common, presentation (Figs. 9.9 and 9.10) [62, 65].
The depth of sclerotic disease ranges from superficial lichen
sclerosus—like lesions to dermal fibrosis and myofascial
involvement (Figs. 9.11 and 9.12) [65]. Eczematous and ich-
thyosiform features can be found in sclerotic and non-
sclerotic disease and may be more common in children than
adults (Fig. 9.13) [65]. The reported incidence of lichenoid
lesions varies widely; they may be more common in steroid-
refractory chronic GVHD [64-66].

Focal or diffuse alopecia may occur in up to 50 % of chil-
dren and can be scarring or non-scarring (Fig. 9.14) [62].
Nails are affected in up to 45 % of children, with periungual
erythema and/or dystrophy [62, 65]. Pterygium inversum
unguis, in which the distal nail bed adheres to the nail plate,
is common in severe chronic GVHD and is associated with a
higher risk of lung involvement in children (Fig. 9.15) [65].

Fig. 9.9 Dyspigmentation (both hyperpigmentation and hypopigmen-
tation) in a child with chronic GVHD

Fig.9.10 Vitiliginous changes in a child with chronic GVHD of the skin

Fig. 9.8 Acral edema as an early sign of sclerotic chronic GVHD

Fig.9.11 Morpheaform sclerotic chronic GVHD
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Fig.9.14 Alopecia is common in children with chronic GVHD

Fig.9.12 Sclerotic chronic GVHD with myofascial involvement

Fig.9.15 Pterygium nail deformity may be a harbinger of severe lung

e A involvement in children with chronic GVHD

Fig. 9.13 Eczematous or ichthyosiform presentation of chronic
GVHD
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Differential Diagnosis for Chronic GVHD

The differential diagnosis for sclerotic chronic GVHD
includes lichen sclerosus, morphea, eosinophilic fasciitis,
atrophoderma of Pasini and Pierini, and discoid lupus ery-
thematosus. In patients with lichenoid lesions, lichenoid
drug eruption, idiopathic lichen planus, and pityriasis lichen-
oides chronica should be considered. Voriconazole-induced
phototoxicity may mimic chronic GVHD, but photodistribu-
tion of the rash should alert the clinician to this potential
diagnosis (Fig. 9.16) [67].

Biopsy can help confirm the diagnoses of eczematoid,
psoriasiform, or ichthyosiform chronic GVHD in children
with a history of atopy or those who present with erythema,
pruritus, scaling, xerosis, or follicular prominence.

Fig.9.16 Erythematous, scaly papules in photodistributed locations as
a result of voriconazole phototoxicity

Histopathology and Laboratory Evaluation
of Chronic GVHD

Histopathology of chronic GVHD is similar to adults and is
required for diagnosis of chronic GVHD if features are dis-
tinctive but not diagnostic [16]. Peripheral eosinophilia has
been noted in about half of children with chronic GVHD
prior to disease onset [68]. Eosinophilia can be present in
patients without chronic GHVD, however, particularly in
association with eczema or infection [65].

Treatment of Chronic GVHD

First line therapy for chronic GVHD in children, based on
data from adults, consists of topical immunosuppressive
agents (steroids, calcineurin inhibitors) for limited cutaneous
chronic GVHD and systemic steroids for extensive cutane-
ous (>20 % BSA or sclerotic features) or visceral involve-
ment in children, which can be used in conjunction with
other systemic immunosuppressants and/or topical calcineu-
rin inhibitors [16, 69]. Photoprotection and topical moistur-
izers are also important aspects of care. Limited data is
available on treatment practices, such as duration of therapy
and frequency of first-line versus other agents, among pedi-
atric patients. There is no consensus for treatment for steroid-
refractory chronic GVHD. As demonstrated in Table 9.4, a
wide range of therapies has been investigated for chronic
GVHD in children with cutaneous features; unfortunately,
the outcomes of these therapies are heterogeneous and
inconclusive.

Challenges in treatment of children with chronic GVHD
include lack of availability of newer agents such as IL-2 and
basiliximab. Currently, extracorporeal photopheresis (ECP)
units are designed for adult blood volumes, resulting in
higher risk for fluid and electrolyte complications in chil-
dren. Long-term central access and the long duration of ECP
sessions can be difficult for small children [71].
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Outcomes of Chronic GVHD

Symptoms of chronic GVHD resolve in as many as 70 % of
children, with a median duration of 5 months with treatment
[57]. Children with severe chronic GVHD tend to have a lon-
ger disease course, lower likelihood of responding to ste-
roids, and lower chance of remission than patients with mild
to moderate disease (20 % versus 65 % remission by
10-15 years after transplantation) [65, 80].

Chronic GVHD is a major cause of mortality in children,
with an overall 5-year survival rate of 50-70 % [57, 81].
Children with severe chronic GVHD experience a 10-year
nonrelapse mortality rate of about 35 %, compared with
4-5 % among children with mild to moderate chronic GVHD
[80]. Causes of death in patients with chronic GVHD are
most often transplant-related (typically infection), but they
also include respiratory failure directly attributable to chronic
GVHD and relapse [57]. Risk factors associated with higher
mortality in children with chronic GVHD are similar to those
in adults (e.g., HLA mismatch, Karnofsky score <90 %)
[81]. Chronic GVHD has also been shown to be protective
against relapse, with the strongest protective effect observed
in acute lymphoblastic leukemia [4, 57, 65, 80].

Chronic GVHD can cause numerous long-term sequelae,
such as generalized sicca, mucositis, malabsorption, general-
ized wasting, and lower Karnofsky performance scores due
to persisting skin, eye, and fascial involvement [60, 80].
Most children will have other co-existing long-term sequelae
of HSCT, such as osteopenia, hypothyroidism, pulmonary
compromise, cataracts, hypogonadism, growth hormone
deficiency, chronic renal insufficiency, academic difficulty,
and attention deficit hyperactivity disorder (ADHD) [82].
Long-term use of voriconazole in this population has been
shown to cause accelerated photodamage, including lentigines,
actinic keratoses, and nonmelanoma skin cancer (Fig. 9.17)
[83]. Other long-term outcomes of treatment for chronic
GVHD have not been well described.

Fig.9.17 Solar lentigos and actinic keratoses in a child after long-term
use of voriconazole
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Conclusion

Acute and chronic GVHD occur less commonly in chil-
dren than in adults, but they remain major causes of mor-
bidity and mortality. Clinicians should be aware of distinct
differences in diagnosis and treatment when evaluating a
child with possible GVHD. These differences include
more frequent use of HSCT for nonmalignant conditions,
higher likelihood of viral exanthema that may mimic or
trigger GVHD, and hemodynamic considerations with
use of ECP in small children. Currently, the management
of children with acute and chronic GVHD of the skin is
largely based on data from adults. The relatively low
number of cases at each institution limits research on
pediatric GVHD, so collaborative, multicenter studies are
needed to better understand these conditions in children.

Acknowledgment Photographs are courtesy of Dr. Jennifer T. Huang.
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Chronic graft-versus-host disease (cGVHD) remains the pri-
mary cause of non-relapse-related morbidity and mortality
after allogeneic hematopoietic stem cell transplantation
(HSCT), and the incidence of cGVHD continues to rise [1].
Evolving transplantation practices, including the use of
mobilized peripheral stem cells, transplantation of older
recipients, and more frequent use of mismatched transplants,
may explain the occurrence of this vexing problem.

Chronic GVHD is a multisystem disease, with the skin
being the most common target organ. The clinical spectrum
of cutaneous cGVHD includes “diagnostic” features (e.g.,
sclerosis, poikiloderma), “distinctive” features (e.g., dyspig-
mentation), and other manifestations that are neither diag-
nostic nor distinctive and which can also be present in acute
GVHD (e.g., pruritus). In 2005, the Diagnosis and Staging
Working Group of the National Institutes of Health (NIH)
Consensus Development Project on Criteria for Clinical
Trials in cGVHD proposed diagnostic and staging criteria
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for cGVHD that are reviewed in this chapter [2]. The
Diagnosis and Staging Working Group Report was updated
in 2014, with clarification of the definition of the overlap
cGVHD subcategory and the addition of numerous organ-
specific refinements [3].

Treatment of c¢cGVHD  remains  challenging.
Fundamentally, effective evidence-based therapies are lack-
ing. Corticosteroids are generally first-line therapy, but there
is not sufficient evidence to support one second-line thera-
peutic option as superior. Many salvage therapies have been
used with varying levels of success in cutaneous cGVHD. A
multidisciplinary approach is recommended for treatment
decisions, be it skin-directed, systemic, or a combination of
both. Many factors are evaluated, including the type of skin
involvement and its potential for long-term morbidity, other
GVHD organ involvement, graft-versus-tumor effect, cur-
rent comorbidities, and the toxicities of the treatments being
considered.
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Diagnosis and Staging

Chronic GVHD was historically defined as signs and symp-
toms of GVHD occurring after the first 100 days post-
transplant. The 2005 NIH Consensus Project highlighted the
arbitrary nature of the designation between acute and chronic
GVHD. Chronic GVHD is now classified based on the clini-
cal manifestations [2]. In addition, four categories of cGVHD
clinical manifestations have been described for each organ
system (Table 10.1, Figs. 10.1, 10.2, 10.3, 10.4, and 10.5):

* Diagnostic signs and symptoms that do not require addi-
tional diagnostic information to make the diagnosis of
cGVHD

e Distinctive signs and symptoms, which are known char-
acteristics of cGVHD but are not sufficient to make the
diagnosis of cGVHD without additional testing

* Nondiagnostic features, which are controversial or rare

e Signs and symptoms that are common to both acute and
chronic GVHD

Diagnosis of cutaneous cGVHD requires at least one clin-
ical diagnostic feature or at least one distinctive clinical

manifestation plus a skin biopsy demonstrating cGVHD.
Nondiagnostic and common features of cutaneous cGVHD
are not considered for the diagnosis of cGVHD, but they are
included in the severity scoring, as discussed in the following
section.

Classification of cGVHD severity is also guided by the
Diagnosis and Staging Working Group report. Based on the
2014 report [3], two individual skin scores comprise the
overall cGVHD severity (Table 10.2). The body surface area
(BSA) involvement of five cutaneous findings (maculopapu-
lar rash/erythema, lichen planus—like features, sclerotic fea-
tures, papulosquamous lesions or ichthyosis, and keratosis
pilaris—like GVHD) is scored from O to 3 based on the per-
centage of body surface area involved. The second skin score
is based on skin sclerosis. The presence of superficial sclero-
sis results in a score of 2 and presence of deep sclerosis,
impaired mobility, or ulceration is given a score of 3. Six
other features are listed on the screening document but do
not contribute to the severity score. The highest of the two
skin scores is used for the NIH Global Severity Score. The
global score defines severity of cGVHD, with a skin score of
1 corresponding to mild cGVHD, 2 corresponding to moder-
ate cGVHD, and three corresponding to severe cGVHD.

Table 10.1 NIH consensus project classification of signs and symptoms of cutaneous cGVHD

Site Diagnostic Distinctive Other Common
Skin Poikiloderma Depigmentation Sweat impairment Erythema
Lichen planus-like Papulosquamous lesions Ichthyosis Maculopapular rash
Sclerotic features Keratosis pilaris Pruritus
Morphea features Hypopigmentation
Lichen sclerosus—like Hyperpigmentation
Nails Dystrophy
Longitudinal ridging,
splitting, or brittle features
Onycholysis
Pterygium unguis
Nail loss
Scalp and New-onset scarring or Thinning scalp hair
body hair nonscarring alopecia Premature gray hair
Scaling

Adapted from Jagasia et al. [3]
NIH national institutes of health

Fig. 10.1 Poikilodermic cGVHD on the neck and upper chest
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Fig. 10.2 Lichen planus-like chronic graft-versus-host disease (cGVHD). (a) Woman with lichen planus—like cGVHD on the face. (b) Man with
lichen planus—like cGVHD on the palm and wrist. (¢) Woman with lichen planus—like papules on the dorsal hand and wrist



128 D.C. Pichard and E.W. Cowen

Fig. 10.3 Deep sclerosis. (a) Rippling of the subcutaneous tissue of  ous sclerosis. (¢) Rippling and nodularity of subcutaneous tissue of the
the medial thighs from subcutaneous sclerosis. (b) Rippling and nodu-  upper and lower extremities accentuated by abduction and flexion of the
larity of the subcutaneous tissue of the upper extremity from subcutane-  hip
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Fig.10.4 Dermal sclerosis. (a) Thin, yellow morphea-like plaques and  hyperpigmented morphea-like plaque on the right leg. (d) Bound-down,
hyperpigmentation on the upper extremity. (b) Thin, yellow morphea-  hyperpigmented morphea-like plaque on right lower leg
like plaques on the upper chest and anterior neck. (¢) Bound down,
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Fig. 10.5 Diffuse, thin, shiny lichen sclerosus-like plaques on the
back

Table 10.2 NIH consensus project severity scoring of cutaneous cGVHD*

Cutaneous signs and symptoms Score 0 Score 1 Score 2 Score 3 Highest score*
GVHD features to be scored by BSA:  No BSA 1-18% BSA 19-50% BSA >50% BSA

Maculopapular rash/erythema

Lichen planus—like features

Sclerotic features

Papulosquamous lesions or

ichthyosis

Keratosis pilaris—like GVHD

Sclerotic features No sclerotic

' Superficial sclerotic  Deep sclerotic

features features (able to features
pinch) Hidebound (unable
to pinch)

Impaired mobility
Ulceration

Other skin features not scored by
BSA:
Hyperpigmentation
Hypopigmentation
Poikiloderma
Severe or generalized pruritus
Hair involvement
Nail invalvement

*Final scoring will be the highest of those marked
BSA body surface area, GVHD graft-versus-host disease
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Treatment

It has been estimated that approximately 50 % of patients
with cGVHD have resolution of symptoms within 7 years of
initiation of systemic management, and approximately 10 %
will require continued systemic treatment beyond 7 years.
The remaining 40 % either die or have a relapse of malig-
nancy within 7 years of initiating treatment for cGVHD [4].
Anticipating protracted systemic therapy, many factors must
be considered when selecting therapies, including disease
severity, preservation of the graft-versus-tumor effect, drug
toxicity, other medical comorbidities, access to therapy, and
drug interactions.

Treatment of Mild Cutaneous cGVHD

Symptomatic mild cutaneous cGVHD is generally treated
locally with topical steroids or topical calcineurin inhibitors
(CNIs) [5, 6]. Topical therapy minimizes systemic side effects
and does not interfere with the graft-versus-tumor effect.
Close monitoring for disease progression is important, as
many patients will eventually require systemic therapy. In
addition, active skin involvement should heighten surveil-
lance for de novo development of cGVHD in other organs.
Steroids of mid to high potency can be used for erythematous
and scaling lesions [7]. The topical CNIs, tacrolimus and
pimecrolimus, are recommended for treatment of mild
cGVHD in areas where high potency steroids should be lim-
ited or avoided, including the face and intertriginous regions
[8]. Pimecrolimus may be better tolerated at sites of non-
intact skin, although it is not as potent as tacrolimus [5, 9].

Treatment of Moderate and Severe Cutaneous
cGVHD

Systemic therapy is usually indicated for moderate or severe
cGVHD (cutaneous disease with a skin severity score of at
least 2). A skin severity score of 2 is given for the presence
of skin sclerosis or at least 19 % BSA involvement with one
of the specified features. Prednisone (typically 1 mg/kg per
day) has been the primary first-line therapy since the 1980s
[10]. Trials to determine the optimal duration and dose of
corticosteroids are lacking, but based on consensus and
expert opinion, it is recommended that 1 mg/kg per day be
administered for 2 weeks, followed by a slow taper [4, 6].
Prednisone dosing should be changed to an alternate-day
regimen of 1 mg/kg within 6-8 weeks and maintained at that
level for 2—3 months to avoid a flare of cGVHD. One recom-
mended taper schedule is to decrease the dose by 20-30 %
every 2 weeks and to return to the penultimate dose for
2—4 weeks if there is a flare of cGVHD [4].

A recently published phase II study by Solomon et al.
[11] suggests an alternative to corticosteroids as first-line
therapy. In this study, 25 patients with new-onset cGVHD of
any organ were treated with 375 mg/m? of rituximab once a
week for 4 weeks, followed by infusions every 3 months for
1 year. Other noncorticosteroid immunosuppressive agents
such as mycophenolate mofetil (MMF), tacrolimus, and siro-
limus were permitted. Overall, 22 (88 %) of the patients
responded to this corticosteroid-free treatment, with com-
plete remission in 21 (95 %) of the 22 responders. Relapse of
c¢GVHD occurred in 37 % within 24 months. This small pro-
spective trial raises the possibility of a corticosteroid-free
first-line regimen with fewer toxicities for new-onset
cGVHD, but these results needs to be validated in a larger,
controlled trial.

Combination first-line therapy of corticosteroids plus
an additional agent has been evaluated in clinical trials
using cyclosporine [12], azathioprine [13], thalidomide
[14], MMF [15], and hydroxychloroquine [16]. No addi-
tional benefit was demonstrated in the treatment of
cGVHD, but cyclosporine in combination with prednisone
resulted in less osteonecrosis than prednisone alone [12].
Based on this study, CNIs are often given in combination
with corticosteroids as first-line therapy for cGVHD, in an
attempt to decrease toxicity associated with prolonged
corticosteroid use.

Approximately 50 % of patients will respond to cortico-
steroids. The remaining patients with steroid-refractory
c¢GVHD will require second-line treatment [17]. Three crite-
ria are generally used to define steroid-refractory cGVHD:

e Progression despite 1 mg/kg per day of prednisone for
2 weeks

e Stable disease after 4—8 weeks of at least 0.5 mg/kg per
day

* An inability to decrease the dosage of prednisone below
0.5 mg/kg per day

There is no standard second-line therapy, and limited
evidence exists to guide salvage therapy. Selection of a
second-line agent remains mostly trial-and-error, based
on factors such as the organ systems involved, comorbidi-
ties, experience of the treating provider, and access to the
treatment. The few randomized controlled trials of sec-
ond-line agents in cGVHD often do not support the posi-
tive findings of case reports, case series, and small
retrospective or prospective studies [15]. Therapies that
have demonstrated particular benefit in cutaneous cGVHD
include rituximab, extracorporeal photopheresis (ECP),
phototherapy, imatinib mesylate, and mammalian target
of rapamycin (mTOR) inhibitors, which are discussed in
detail below. Additional salvage therapies are included in
Table 10.3.
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Table 10.3 Other systemic therapies reported for chronic GVHD

Drug Results Adverse events
Mycophenolate mofetil There are no randomized trials. Diarrhea and GI discomfort, cytopenia [69, 70]
Response rates range from 40-75 % and steroid- and infection [70, 71]
sparing benefits have been reported Increased risk of relapse when used as a third
immunosuppressive agent [73]
Pentostatin ORR in two prospective trials was 51 % [73] and Nausea and infection
53 % [74]; skin was best-responding organ (ORR
69 %).
Not recommended for pulmonary cGVHD
Methotrexate Pooled ORR from eight studies was 77.6 %; Cytopenia and hepatic toxicity
cutaneous GVHD had best response (42—-100 %) [75]
Hydroxychloroquine Phase II study showed ORR of 53 % [76]. Hypertension, GI toxicity, retinal toxicity
Phase III RCT did not confirm benefit [16].
Clofazimine Partial response in 55 % from one study; cutaneous Skin discoloration, GI toxicity
GVHD had best response [77]
Thalidomide ORRs range from 20-59 %, with higher ORR in Somnolence, constipation, neuropathy,
children [78-82] neutropenia, venous thrombosis
Retinoids ORR 74 % from one retrospective study of sclerotic Hyperlipidemia, transaminase elevation,
GVHD [83] teratogenicity, impaired wound healing
Alemtuzumab One phase I study showed ORR of 70 % of evaluable | Infection, cytopenia
patients; Cutaneous and fascial GVHD had best
response [84]
Etanercept Two prospective studies had ORRs of 52 % and 70 %, | Infection

with the best response from GI and cutaneous GVHD
[85, 86]

Mesenchymal stromal cells

ORRs from three prospective trials range from
0-87 % [87-89]

Infection; unclear impact on graft-versus-tumor
effect

Azathioprine

In combination with prednisone, showed increased
nonrelapse mortality and decreased overall survival
[13]

Oral malignancy, infection

AE adverse event, cGVHD chronic graft-versus-host disease, G/ gastrointestinal, ORR overall response rate, RCT randomized controlled trial
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Rituximab

Rituximab is a chimeric monoclonal antibody reactive with
CD20, found on the cell surface of B cells. Rituximab has
been proposed as a treatment for cGVHD because of the sug-
gested role of B cells and B cell-activating factor (BAFF) in
c¢GVHD pathophysiology, the common finding of autoanti-
bodies in patients with cGVHD, and the similarity between
c¢GVHD manifestations and autoimmune conditions such as
Sjogren’s syndrome and systemic sclerosis [18, 19].
Prospective studies have reported overall response rates
(ORR) of 63-88 % [11, 20-24]. A meta-analysis of six stud-
ies reported a pooled proportion ORR of 60 % for cutaneous
cGVHD; the skin was the organ with the highest response
rate to rituximab therapy [25]. Regimens can vary, but
patients usually receive a minimum of four weekly rituximab
infusions of 375 mg/m?. Additional infusions at intervals of
1 to 3 months have also been given. Van Dorp et al. [22] stud-
ied the immunologic phenotype of 18 patients with steroid-
refractory or steroid-dependent cGVHD who were treated
with rituximab to evaluate predictors of response to therapy.
The ORR of rituximab for skin cGVHD was greater than
75 % regardless of the type of cutaneous involvement. About
three fourths of the patients were able to decrease or discon-
tinue corticosteroids. No correlation was seen between
BAFF levels and rituximab response, but an elevated B-cell
number prior to treatment correlated with response to ther-
apy with rituximab [22].

The most common adverse events (AEs) in rituximab
cGVHD trials were infusion reactions and infections [21, 26].
In a phase II prospective trial, infections and recurrent malig-
nancy accounted for most of the treatment failures [21].

Extracorporeal Photopheresis

Extracorporeal photopheresis (ECP) is an immunomodula-
tory therapy that was first reported as a treatment for GVHD
in the 1980s. Since then, ECP has become a widely used
therapeutic modality for cGVHD of the skin and other organs
(Fig. 10.6) [27-29]. As with other interventions, published
reports are primarily retrospective in nature. One multi-
center, randomized controlled trial compared standard treat-
ment plus ECP (weekly on two consecutive days) to standard
treatment alone over 12 weeks, for treatment of cutaneous
cGVHD. The primary endpoint, a lower total skin score
(TSS), had a positive trend, but it did not reach statistical
significance. However, there was a steroid-sparing effect in
the group that received ECP. Patients in the ECP arm were
more likely to achieve both a reduction in steroid dose greater
than 50 % and a total daily dose of 10 mg or less. The differ-
ence in the reduction of the steroid dose became apparent
after week 8, though improvement in the TSS was noted ear-
lier [30]. A steroid-sparing benefit of ECP also has been
demonstrated in other studies [31-33].

As with other salvage therapies for cGVHD, comparison
of the published literature for ECP is limited because of the
heterogeneity of the disease and organ-specific outcome
measures, as well as the variability in the schedule of ECP
administration. Nonetheless, the skin appears to be among
the organs most responsive to this treatment modality. A
meta-analysis of ECP for steroid-refractory cGVHD found
that ECP has the greatest benefit in skin, oral, liver, and mus-
culoskeletal disease, with pooled response rates of 74 %,
72 %, 68 %, and 64 % respectively. Response rates were
lower for other organs [32]. Similarly, a systematic review of
ECP for acute or chronic steroid-refractory or steroid-
dependent GVHD found a pooled ORR of 71 % for cutane-
ous chronic GVHD, which was higher than for other target
organs with cGVHD [31].

ECP s generally a safe therapeutic option for cGVHD. The
most commonly reported AEs are nausea, headache, and
fever. Serious infections, including line infection, are rare,
and relapse of malignancy has not been reported [27, 33, 34].
Both the U.K. Photopheresis Expert Group [33] and the
Ontario Stem Cell Transplant Steering Committee [35] have
developed consensus statements that recommend ECP as
second-line therapy for cGVHD. The U.K. consensus state-
ment recommends delivery of ECP on two consecutive days
every other week, tapering to every 4 weeks once a response
is seen. At this time, there is no biologic marker of disease
response, so clinical assessment is the standard outcome
measure. The clinical response of cGVHD to ECP is slow;
4 months is the recommended timeframe for response assess-
ment [33].
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Fig. 10.6 Clinical improvement of sclerosis from extracorporeal pho-
topheresis (ECP) therapy. (a) Localized rippling and nodularity from
subcutaneous cGVHD on the left arm. (b) Decreased nodularity after
6 months of ECP

Phototherapy

Treatment of skin disease with ultraviolet (UV) radiation is
commonly used for dermatologic conditions. As with many
cGVHD therapies, high-quality trial data on the use of pho-
totherapy is rare. In addition, different types of disease (e.g.,
lichenoid vs sclerotic) would be expected to have different
responses, given the therapeutic penetration of UV light. No
prospective studies have been carried out to provide recom-
mendations for the type, dose, or schedule of UV therapy.
Psoralen plus ultraviolet A (PUVA) is the best-studied pho-
totherapy in cGVHD. In a retrospective analysis of 40
patients with cGVHD, 77 % had a local response (cutaneous
or oral), with 40 % experiencing a complete response [36].
However, all but one of the patients included had concomi-
tant systemic therapy. UVAI, a subset of the UVA wave-
length (340—400 nm), has been evaluated in three small
studies [37-39]. Overall, 24 of 25 total patients in the three
studies responded, including those with both lichenoid and
sclerotic cGVHD. Calzavara Pinton et al. [37] reported that
all patients with lichenoid cGVHD relapsed within a month
and required maintenance phototherapy. Only two studies
have evaluated UVB (280-320 nm) as a local therapy for
cGVHD [40, 41]. Brazzelli et al. [41] administered narrow
band UVB (311-312 nm) to 10 pediatric patients, 5 with
c¢GVHD and 5 with overlap GVHD. Of the 10 patients, 8 had
a complete response, which was sustained in 71 % of the
responders at 2 years.

Phototherapy is generally well tolerated. Photosensitizing
medications (e.g., voriconazole, trimethoprim-sulfamethoxazole,
and furosemide) should be discontinued prior to initiating
phototherapy. Erythema is a common short-term AE. Oral
psoralens may induce nausea, vomiting, dizziness, and hepa-
totoxicity, which can limit tolerability. Bath PUVA avoids
the systemic side effects of psoralens, but is time-intensive.
Strict sun protection (including eye protection) is required on
the day psoralens are taken. Long-term phototherapy may
cause accelerated photoaging and increase the risk of skin
cancer, particularly with PUVA. Patients treated with PUVA
develop squamous cell carcinoma more often than basal cell
carcinoma or melanoma [42].

Imatinib Mesylate

Imatinib is a tyrosine kinase inhibitor (TKI) that targets the
platelet-derived growth factor receptor (PDGFR) among
other tyrosine kinases [43]. Stimulatory autoantibodies to
the PDGFR were reported in patients with sclerotic cGVHD
and in patients with systemic sclerosis, suggesting a poten-
tial pathway of skin fibrosis targetable by this drug [44, 45].
In addition, in vitro studies have demonstrated that treat-
ment of fibroblasts with imatinib inhibited proliferation
[46]. Clinical studies have reported an ORR in sclerotic
GVHD ranging from 26 % to 63 % [47-52]. Comparisons
between studies is challenging because of the heterogeneous
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disease manifestations and the range of end points used to
determine efficacy. Even within studies, the benefit of this
antifibrotic therapy was not consistent among patients with
sclerotic GVHD.

Imatinib appears to be less well tolerated in the cGVHD
setting than in chronic myeloid leukemia (CML) and other
indications. AEs have been reported at doses as low as
100 mg in sclerotic GVHD patients, despite dosing of 400 to
800 mg in the CML setting [51]. Hematologic AEs include
neutropenia, thrombocytopenia, leukopenia, and anemia.
Nonhematologic AEs include fatigue, nausea, diarrhea, elec-
trolyte abnormalities, fluid retention (peripheral and perior-
bital), and muscular cramps. Sclerotic cGVHD patients are
particularly sensitive to discomfort from fluid retention and
muscular cramps, as they often experience these symptoms
as part of their primary disease.

Dasatinib, a second-generation TKI, has been evaluated
as an alternative agent in patients with sclerotic cGVHD who
are resistant or intolerant to imatinib. Three patients with
sclerotic cGVHD who could not take imatinib were treated
with dasatinib [53]. All three achieved a partial response and
corticosteroids were decreased in all patients. In contrast to
imatinib, the patients did not experience dose-limiting tox-
icities from dasatinib. There is overlap in the observed AEs
between imatinib and dasatinib, but it appears that individual
patients develop differing AEs to the two different drugs
[54]. This limited experience in cGVHD suggests that dasat-
inib warrants further investigation as a better-tolerated treat-
ment for some patients with sclerotic cGVHD.

Mammalian Target of Rapamycin (mTOR)

Inhibitors

Sirolimus and its derivative everolimus are macrolide antibi-
otics that act through inhibition of the mTOR pathway. They
act as immunosuppressive drugs and may also act via inhibi-
tion of proliferation of fibroblasts and smooth muscle cells.
Additionally, they have a role in reconstitution of regulatory
T cells in cGVHD [55]. mTOR inhibitors have been sug-
gested as alternatives to CNIs for treatment of cGVHD
because of the protective effect on skin cancer development
that has been demonstrated in recipients of solid-organ trans-
plants [56]. Data regarding the efficacy of mTOR inhibitors
specifically for cutaneous cGVHD are scarce. One prospec-
tive study reported a response rate of 65 % in skin cGVHD,
and one retrospective study of sclerotic cGVHD reported an
ORR of 76 % [57, 58]. Additionally, mTOR inhibitors have
demonstrated a steroid-sparing benefit.

The combination of CNIs and mTOR inhibitors is asso-
ciated with increased risk of transplant-associated microan-
giopathy and renal toxicity [57]. Other toxicities seen with
mTOR inhibitors include hyperlipidemia, infection, and
cytopenias. mTOR inhibitors are substrates for cytochrome
p450 3 A4, indicating that potential drug interactions may

occur in GVHD patients, who often take multiple
medications. Potential impairment of wound healing should
also be considered for patients with skin breakdown or
ulceration [59].

Low-Dose Interleukin (IL)-2

Regulatory T cells (Tregs), CD4+ T cells that play an impor-
tantrole in immune tolerance, are decreased in cGVHD. Tregs
are stimulated by cytokines, including IL-2, which results in
Treg expansion and survival [60]. Low-dose subcutaneous
IL-2 has been evaluated in phase I and phase II prospective
trials of patients with steroid-refractory cGVHD [61, 62].
IL-2 was given daily for 8—12 weeks. Although there were no
complete responders in the trials, 94 % of patients experi-
enced a partial response (32 of 56 patients) or stable disease
(21 of 56 patients). In the phase II study of 33 evaluable
patients, the best responses were seen in cGVHD of the liver
(46 %) and skin (33 %) [62]. The spectrum of cutaneous dis-
ease that had a measurable response included papulosqua-
mous, lichen planus-like, keratosis pilaris, poikiloderma, and
superficial and deep sclerosis. This therapy allowed for
reduction in dose of glucocorticoids for many patients.
Adverse events from the trials included infection, injection
site induration, constitutional symptoms, TMA, and renal
dysfunction [61, 62]. Validation in randomized, controlled
trials of subcutaneous low-dose IL-2 in cGVHD of the skin
are needed.

Janus Kinase (JAK) Inhibitors

JAK inhibitors are a class of drugs that inhibit one or more
of the Janus tyrosine kinases (JAK1, JAK2, JAK3, TYK?2).
Binding of interferons and other cytokines, such as IL-2,
IL-4, IL-7, IL-9, IL-15, and IL-21, to their receptors results
in activation of Janus kinases and the JAK-signal trans-
ducer and activator of transcription (STAT) pathway.
Although there are no prospective studies of JAK inhibitors
in ¢cGVHD, retrospective studies and case reports are
encouraging [63-65]. Khoury et al. [65] reported 16
patients with cGVHD treated with ruxolitinib, a JAK1/2
inhibitor. Patients with erythematous cGVHD had com-
plete response and those with sclerotic cGVHD had subjec-
tive improvements. The majority (75 %) were able to taper
or discontinue corticosteroids. Zeiser et al. [64] described a
retrospective series of 41 patients with cGVHD from 19
institutions treated with ruxolitinib and found an ORR of
85.4 % (35 of 41 patents) for all sites of cGVHD involve-
ment. Six patients had a complete response. Two patients
had a relapse of cGVHD with a median follow-up of
22 weeks. The most common adverse events included cyto-
penia and CMV reactivation. One patient had a relapse of
the primary malignancy. Larger, randomized, controlled
studies are needed to validate the utility of JAK inhibitors
in cutaneous cGVHD.
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Chronic graft-versus-host disease (cGVHD) affects a substan-
tial proportion of long-term survivors of hematopoietic stem
cell transplantation (HSCT). cGVHD of the skin has a varied
presentation, ranging from mild, local sclerosis to extensive
complex wounds and/or ulcerations. Treatment of cGVHD
affecting the skin requires knowledge of local and systemic
immunosuppressive therapy, along with basic wound care
knowledge Multiple modalities of therapy are often needed.

Introduction

Graft-versus-host disease (GVHD) is a frequent complica-
tion of HSCT, and is a major cause of morbidity and mortal-
ity. Both acute and chronic graft-versus-host diseases are
multisystem disorders that commonly affect the skin. Severe
sclerotic features result in tight, fragile skin prone to poor
wound healing, inadequate lymphatic drainage, and skin
ulcer formation [1]. Adequate skin and wound care are
essential in providing optimal treatment for patients with
cutaneous manifestations.

The incidence of cGVHD following HSCT ranges from 60
to 80 %. The syndrome may occur with or without a history
of acute GVHD, and presents with lichen planus-like or scle-
rotic skin manifestations. Lichen planus-like GVHD is char-
acterized by erythematous to violaceous papules or plaques,
often at the dorsal hands, feet, forearms and trunk. Sclerotic
manifestations may be morphea-like (firm, hyper or hypopig-
mented plaques), or lichen-sclerosus-like (epidermal atrophy,
dermal fibrosis, and the presence of white or gray thin
plaques). Subcutaneous fibrosis and rippled appearance of the
skin, a hallmark of deep sclerosis, may also be present. Other
cutaneous findings of chronic GVHD include poikiloderma,
depigmentation, and both hypo and hyperpigmented areas of
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skin. In the most severe cases, chronic ulceration may
develop. Chronic GVHD-related ulcers are prone to bacterial
infection and may result in frequent hospitalization for
infected wounds.

Pathogenically, cGVHD appears to be the result of auto-
reactive T cells derived from donor hematopoetic cells. Some
host-reactive T cells escape from the elimination mecha-
nisms in the thymus, resulting in persistent alloreactive and
autoreactive T cell clones [2].

The treatment for cutaneous GVHD requires multiple
dimensions of therapy, employing both systemic treatment
and localized wound care. Additionally, such patients must
receive regular preventive skin care, including skin cancer
surveillance, management of pruritus, monitoring for adverse
effects of corticosteroids, infection control measures, and
wound care. Topical therapy is critical in the treatment of
GVHD. Although there are no randomized control studies on
the effect of skin-care protocols in the evolution of the dis-
ease, ancedotal data suggest that adequate skin care improves
prognosis [2]. This chapter reviews the basic principles of
wound care in patients with chronic GVHD affecting the
skin. There is a paucity of published data on this topic and
we have included illustrative cases to provide practical man-
agement strategies for these complex patients.

Cleaning and Compression

Skin care in chronic graft-versus-host disease employs the
basic principles of wound management. To ensure proper
healing, therapy is directed toward promoting vasculariza-
tion, maintaining skin moisture, and preventing infection.
While all wounds are colonized with microbes, not all
wounds are necessarily infected [3].
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Cleaning

Wounds that have devitalized tissue require debridement.
The accumulation of devitalized tissue, decreased angiogen-
esis, hyperkeratosis, exudate, and biofilm formation prevent
healing. Irrigation is important for decreasing bacterial load
and is a recommended part of routine wound management
[4, 5]. Warm, isotonic saline is often used; however, no sig-
nificant differences in rates of infection have been seen when
using tap water rather than saline for wound cleansing [6].
Regular use of soap and warm water should be encouraged in
most patients who do not have profound immunosuppres-
sion. Adding iodine or other antiseptic solutions such as
chlorhexidine or hydrogen peroxide is generally unneces-
sary, as these solutions have minimal action against bacteria
and may prevent wound healing through toxic effects on nor-
mal tissue. Dilute hypochlorite is preferred in cases where
wounds are heavily colonized with resistant bacteria.

Case 1 Many patients are not given any skin or wound care
instructions and are repeatedly admitted to the hospital with
suspected cellulitis (Fig. 11.1). This patient was admitted to
the hospital three times in the prior 6 months with cellulitis.
She was afraid of showering and did not receive any skin or
wound care instructions after discharge. On presentation, she
had nearly confluent sclerotic plaques on her lower extremi-
ties with retention hyperkeratosis and foul-smelling purulent
drainage without frank ulceration (Fig. 11.1a). She demon-
strated dramatic improvement after 2 days of soap and water
cleansing and application of 100 % petrolatum (Fig. 11.1b).
The emollient is helpful to loosen the retained scale and to
facilitate cleansing. Reassurance and education can have piv-
otal roles in the management of these complex patients.
Although her sclerotic plaques did not significantly improve,
this patient was not readmitted for cellulitis in over 2 years of
follow-up.

Excisional debridement is a form of wound cleaning that
uses a scalpel or curette to remove non-viable tissue and
adherent biofilm. The procedure also stimulates contraction
and wound re-epithelialization [7]. Serial surgical debride-
ment in a clinical setting may be associated with an increased
likelihood of healing [8], but for patients with cGVHD,
repeated aggressive surgical debridement often results in
progressively larger ulcers.

Fig.11.1 Cleansing daily with soap and warm water should be encour-
aged for patients with sclerotic chronic GVHD. Before (a) and after (b);
2 days of soap and water cleansing followed by application of good
emollient (100 % petrolatum)
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Compression

Compression bandages and compression hosiery are forms
of static compression therapy. Compression produces benefi-
cial effects in wounds through multifactorial mechanisms.
Traditionally, compression therapy has been most applied to
the treatment of lower extremity venous stasis ulcerations,
though similar principles may be useful in the treatment of
GVHD wounds. Compression increases deep venous blood
flow velocity and improves lymphatic flow and the local
microcirculation. Compression therapy may also decrease
the expression of pro-inflammatory matrix metalloprotein-
ases, resulting in a wound milieu that favors ulcer healing
[9]. Compression therapy is contraindicated in patients with
peripheral artery disease, cellulitis, and acute deep vein
thrombosis.

Compression bandages are generally divided into rigid
(inelastic) and elastic types. The most common example of
inelastic compression therapy is the Unna boot. Inelastic
compression provides a high working pressure with muscle
contraction during ambulation, but does not provide resting
pressure. Elastic compression can be applied using elastic
compression stockings, cotton/elastic wraps, short stretch
bandages, or specialized multi-layered systems. Elastic
compression bandaging systems conform to changes in leg
size and sustain compression during activity and rest.
Compression bandages should be applied by trained person-
nel and changed once or twice a week, depending on the
degree of wound drainage [10].

Traditional compression stockings are often difficult for
patients with sclerotic GVHD because of their restricted
range of motion, neuropathic pain, skin fragility, and ulcer
drainage. GVHD patients may respond better to multilayered
wraps or combination therapy using specialized dressings
directly placed on the ulcer bed that are then wrapped with
compressive bandages.

Case 2 This patient, with extensive sclerotic chronic GVHD,
was treated at a local wound center with serial debridement.
At presentation, his legs demonstrated confluent sclerotic
plaques with superficial and extensive erosions (Fig. 11.2a).
He had poorly palpable pulses and pitting edema bilaterally.
After starting a combination therapy including oral doxycy-
cline, topical clindamycin and topical clobetasol ointment, he
had significant improvement after 2 weeks (Fig. 11.2b).
Although he had been given compression stockings by his
hematologist and wound care physician, he could not apply
them himself (due to his inability to bend at the hip or knees),
and when placed by a caregiver the stockings would tear his
fragile skin, worsening the erosions and causing additional
pain. We recommended using cotton/elastic bandage wraps,

which can be easily applied without causing additional trauma
and can be adjusted to modify the amount of compression.
Once his legs improved, we transitioned him to full length
(foot, leg, and thigh) wraps secured with Velcro® straps that
were much easier to apply and remove.

Fig. 11.2 (a, b) Surgical debridement is common in wound care cen-
ters but can lead to worsening chronic GVHD ulcers due to poor heal-
ing. A combination of topical steroid and compression was used for this
patient, who demonstrated significant and lasting improvement
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Topical and Intralesional Steroids
Topical Steroids

Topical corticosteroids are an appropriate first-line therapy
for patients with mild cutaneous disease. As skin atrophy is
known to be a major side-effect of long-term treatment, care
should be taken in prolonged use, particularly for the face
and intertriginous areas of the body. However, for many of
these patients, the benefit of decreasing systemic immuno-
suppression far outweighs the risk of epidermal atrophy.
Systemic absorption of topical steroids may be a concern in
pediatric patients, but in these patients benefits also gener-
ally outweigh these risks [11]. Treatment should start with
high-potency topical steroids. In unresponsive patients,
short-term occlusion with damp dressings increases skin
hydration and steroid penetration.

Topical treatment of mild GVHD is important especially
for patients with a high risk of relapse, as increasing sys-
temic immunosuppression may interfere with the desired
graft-versus-malignancy effect [11]. In moderate-to-severe
GVHD, topical immunosuppression may be used in conjunc-
tion with systemic immunosuppression to increase local
response rates. Furthermore, topical immunosuppressive
therapies for cGVHD are associated with less toxicity com-
pared with systemic treatment, and may allow for dose
reduction of systemic immunosuppression [11].

Intralesional Steroids

Intralesional steroids may be helpful for localized cutaneous
GHVD refractory to high-dose topical steroid therapy. Mid-
potency steroids such as triamcinolone 1 mg/kg is often used,
and often requires multiple treatments. While effective in
clinical practice, its use is often limited by a lack of consensus
guidelines and patient discomfort associated with the proce-
dure. However, in patients who have refractory localized dis-
ease, intralesional injections can resolve their lesions and
allow them to discontinue systemic immunosuppression.

Case 3 A 10-year-old male patient had extensive sclerotic
cGVHD affecting 60-70 % BSA. He developed chronic
ulcerations of his scalp that were resistant to systemic immu-
nosuppression. At presentation, he had numerous crusted
erosions localized to the scalp (Fig. 11.3, left panel).
Numerous topical therapies were attempted without signifi-
cant improvement, including antibiotics, steroids, and calci-
neurin inhibitors. After extensive discussion of the risks and
benefits, we elected for a trial of intralesional steroids. The
patient required sedation for the procedure and a total of
1 mg/kg was injected into four trial areas. After significant
improvement was noted in these lesions, the patient
underwent three additional treatments using 1-2 mg/kg of
intralesional triamcinolone at each treatment. He had com-
plete resolution of his lesions (Fig. 11.3, right panel) and was
weaned completely off systemic immunosuppression. Of
note, he also exhibited partial reversal of his alopecia.
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Fig.11.3 (a, b) When ulcers are localized, intralesional steroids can be
used to heal chronic ulcers and decrease systemic immunosuppression

Topical Calcineurin Inhibitors

For patients who fail topical or intralesional therapy, topical
calcineurin inhibitors (CNIs) may be considered. Topical
CNIs (e.g., tacrolimus and pimecrolimus) are useful local-
ized steroid-sparing medications. However, most patients
who initially respond to topical calcineurin inhibitors even-
tually require additional treatment. Topical CNIs may be of
particular benefit for sites at high risk of skin atrophy (lips,
eyelids, and intertriginous surfaces). CNIs are generally
poorly tolerated at areas of very active skin involvement with
erosions [12].

Complex Wounds

Complex, chronic wounds, such as those associated with
cGVHD, contain a persistently high amount of inflammatory
exudate, an environment that impedes the proliferation of
fibroblasts [13]. Local therapy plays an important role in
diminishing skin inflammation and promoting wound heal-
ing. Ideal dressings are those that control exudate, prevent
bacterial proliferation, and absorb excessive wound drainage
while preventing drying.

Collagen Gel and Matrix

Collagen is a primary component of the extracellular matrix
and plays a vital role in connective tissue support within the
skin. Collagen (applied to a wound as either a gel or matrix)
supplies the wound with intact bovine or porcine collagen.
The collagen is thought to serve as a sacrificial substrate for
matrix metalloproteinases—enzymes associated = with
chronic wound inflammation and poor healing. Additionally,
collagen may possess chemotactic properties resulting in
fibroblast and keratinocyte recruitment.

Case 4 The patient developed chronic ulcerations localized
to his back. He was started on systemic immunosuppression
and extracorporeal photophoresis, with little improvement of
the lesions. A series of topical treatments and dressings were
applied, including silver sponge dressings and collagen gel
(Fig. 11.4). His ulcers healed after 3 months of twice weekly
dressing changes.
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Fig. 11.4 Many collagen wound care products are available. (a, b) In
this patient, a combination of collagen gel and silver alginate dressings
led to significant resolution of the ulcers

Silver Dressings

Addition of a silver-containing collagen scaffold dressing
may assist in replenishing some of the structure, compo-
nents, and signaling mechanisms needed for wound healing
[14]. Silver dressings are used by many clinicians to decrease
heavy bacterial burden within wounds. Silver-impregnated
foam dressings are absorbent and have broad-spectrum anti-
microbial activity. They are slightly adherent on one side,
facilitating application and allowing the dressing to be left
on wounds for up to 7 days. The dressing consists of a
silicone-based wound contact layer, an absorbent polyure-
thane foam pad comprised of silver sulfate and activate car-
bon, and a vapor-permeable waterproof film. Silver ions
target thiol groups on bacterial enzymes causing unraveling;
the ions also inhibit bacterial growth, damage the cell wall,
and cause structural abnormalities in bacterial nucleic acids.
The bactericidal properties of silver have led to its common
use in burn patients.

Case 5 The patient presented with sclerotic cGVHD affect-
ing primarily the lower extremities. She had an ulcer on her
right lower extremity that slowly enlarged over a period of
10 months. She was a poorly controlled diabetic and had
multiple hospitalizations for lower extremity cellulitis with
bacteremia. She underwent surgical debridement, intrave-
nous antibiotics, and 4 weeks of negative pressure-wound
therapy followed split-thickness skin graft. Five months
later, the ulcer recurred (Fig. 11.5a). We used a combination
of collagen matrix and silver sponge dressings with com-
pression (Fig. 11.5b). The ulcer resolved completely within
3 months and did not recur (Fig. 11.5¢).
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Fig.11.5 (a—c) This patient responded rapidly to a combination of col-
lagen silver matrix dressings (white) and silver sponge dressings (gray)
with compression

Maggot Debridement Therapy

An effective method of wound debridement utilizes larvae of
the Australian sheep blow fly (Lucilia cuprina) or green bot-
tle fly (Lucilia sericata). Maggot therapy is often used for
debridement of chronic wounds when surgical debridement
is not available or cannot be performed. Maggot therapy may
also decrease the duration of antibiotic use in certain patients,
though this has not been well studied in the setting of GVHD
[15]. Larvae secrete proteolytic enzymes that degrade
necrotic tissue, which the maggots then ingest; healthy tissue
is preferentially left intact. Maggot therapy has also shown
benefit through antimicrobial action and stimulation of
wound healing [16]. Maggot therapy has been classically
used in the treatment of pressure ulcers, chronic venous sta-
sis ulcers, diabetic ulcers, and other chronic wounds includ-
ing GVHD-related ulcers. However, no consistent reductions
have been demonstrated in the time elapsed to wound heal-
ing compared to standard wound therapy [17].

Case 6 The patient presented with extensive sclerotic
c¢GVHD primarily involving the lower extremities. He devel-
oped bilateral dorsal feet ulcers recalcitrant to systemic ther-
apies including steroids, photophoresis, tacrolimus,
sirolimus, and mycophenolate mofetil. Topically, we also
tried liquid collagen, collagen matrix, silver alginate, silver
sponge, collagenase, and cadexomer iodine with minimal
improvement. After more than 1 year of worsening ulcers
(Fig. 11.6a), we discussed maggot debridement therapy.
Maggots are placed directly onto the ulcer bed with a mesh
“cage” constructed around the ulcer (Fig. 11.6b). He com-
pleted two treatment cycles (2—3 days) and the ulcer bed was
clean with healthy granulation tissue following each debride-
ment (Fig. 11.6¢c). He had significant improvement after 3
months (Fig. 11.6d) and near complete resolution after 6
months (Fig. 11.6e).
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Fig.11.6 (a—e) Maggot debridement therapy is an effective and rapid method of non-surgical debridement that facilitates ulcer improvement and
resolution
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Summary

The skin is the most commonly affected organ in graft-
versus-host disease. Cutaneous cGVHD has a varied clinical
presentation ranging from mild, localized sclerosis to poorly
healing wounds with large areas of ulceration. Multiple treat-
ment options for cutaneous cGVHD exist, though lack of
standardized treatment algorithms makes clinical decisions
challenging. A multifaceted approach to treatment, employ-
ing both systemic immunosuppression and aggressive local-
ized wound care, is often the most effective course of action.
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Atypical Manifestations
of Graft-Versus-Host Disease
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Christine M. Cornejo and Robert G. Micheletti

The cutaneous manifestations of graft-versus-host disease
(GVHD) are protean and often diagnostically challenging.
Acute GVHD (aGVHD) of the skin most often presents with a
morbilliform exanthem, which may progress to generalized
erythema and bullae in severe cases, bearing striking resem-
blance to toxic epidermal necrolysis. The manifestations of
chronic GVHD (cGVHD) are more diverse and often resemble
other dermatologic conditions. For example, diagnostic signs
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of ¢cGVHD, based on the NIH Consensus Criteria, include
poikiloderma, lichen planus-like features, sclerotic features,
morphea-like features, and lichen sclerosus-like features [1].
More atypical presentations of cutaneous GVHD also often
mimic other disorders, in which case histologic findings sup-
portive of GVHD can help establish the diagnosis. This chapter
highlights the many atypical and under-recognized manifesta-
tions of both acute and chronic cutaneous GVHD (Table 12.1).
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Table 12.1 Signs and symptoms of acute and chronic cutaneous GVHD

Common manifestations

Atypical manifestations

aGVHD

cGVHD*

aGVHD

cGVHD

Maculopapular rash

Poikiloderma

Eczematous eruptions
(contact dermatitis [2],
eczema craquele [3])

Eczematous eruptions [4, 5] (atopic
dermatitis [6], eczema craquele [7],
and eczematoid [8])

Generalized erythroderma

Lichen planus-like features

Psoriasiform [9, 10]

Psoriasiform [1, 4, 5, 11, 12]

Bullae

Sclerotic features

Type II PRP [13]

PR [14] and inverse PR [3]

Morphea-like features

Acquired ichythosis [15, 16]

Reactive erythema (EM [12, 17]
and EAC [4])

Lichen sclerosis-like features

Extensive follicular eruption
[18-20]

Erythroderma and exfoliative
dermatitis [4, 8, 12, 21]

Papulosquamous lesions

Total body leukoderma [22]

Extensive follicular or comedonal
eruption [3, 23-26]

Depigmentation

Wolf isotopic pattern [27]

Acral keratosis [2, 28]

Alopecia

Angiomatous papules [29-33]

Hypo- and hyper-pigmentation

LE [4, 34, 35] and hypertrophic LE
[34]

Sweat impairment

Dermatomyositis [36]

Ichthyosis

Blaschko-linear [37-44]

Keratosis pilaris

Dermatomal (Wolf isotopic pattern)
[12, 35, 39, 45-56]

Erythema

Wolf isotopic pattern (non-
dermatomal) [46, 47, 54, 57, 58]

Maculopapular rash

Koebner isomorphic pattern [5, 46,
52, 54, 59-62]

Pruritus

Isoradiotopic pattern [46, 63—66]

Total body leukoderma [67, 68]

Calcinosis cutis universalis [69]

Bullae [70]

Ulceration [71-79]

EAC erythema annulare centrifugum, EM erythema multiforme, LE lupus erythematosus, PR pityriasis rosea, PRP pityriasis rubra pilaris
“Based on National Institutes of Health (NIH) Consensus Criteria [1]. Diagnostic features of cGVHD based on NIH Consensus Criteria are shown

in bold
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Eczematous Eruptions

Chronic cutaneous GVHD may present with eczematous
eruptions [4, 5] and variants such as atopic dermatitis-like
[6] and eczematoid GVHD [8]. This manifestation is not
associated with a history of atopy in patients or donors. It is
characterized by pronounced pruritus and either widespread
or limited areas of dry skin, erythema, papules, and perifol-
licular accentuation. Peripheral eosinophilia and elevated
IgE levels are common in cases of atopic dermatitis-like
GVHD [6]. Histology demonstrates findings consistent with
GVHD in addition to features of eczematous dermatitis in
most cases. Atopic dermatitis-like chronic GVHD is associ-
ated with a favorable outcome, with a good response to topi-
cal therapies such as emollients, topical corticosteroids, and
topical tacrolimus, as well as to ultraviolet phototherapy and
prednisone, with or without immunosuppressant agents for
GVHD [6]. Conversely, eczematoid GVHD, which has been
described as a more aggressive variant that often progresses
to erythroderma, can be difficult to manage and is associated
with a poor prognosis [8]. It is important to note that some
have suggested that eczematoid GVHD may be more accu-
rately classified as a variant of late-onset acute GVHD based
on precipitating factors and histopathologic findings [80].

There have also been reports of GVHD presenting as
eczema craquele in both acute [3] and chronic GVHD [7],
with diffuse or localized areas of reticulated erythema on
exam (Fig. 12.1), and findings of GVHD and eczema on
histology.

Acute cutaneous GVHD presenting as a contact dermati-
tis has been reported in one case of an infant who developed
a hyperemic belt-shaped eruption in the diaper region fol-
lowing allogeneic stem cell transplant [2]. The clinical pre-
sentation in this case was progressive and fatal.

Fig. 12.1 Chronic GVHD presenting as reticulated erythema with fine
scale mimicking eczema craquelé

Papulosquamous Eruptions

Psoriasiform eruptions have been described in both acute [9,
10] and chronic [1, 4, 5, 11, 12] cutaneous GVHD. Typical
skin findings include discrete guttate, annular, or confluent
erythematous scaly patches and plaques with micaceous
scale that may involve any part of the body, including the
scalp, face, hands, and feet [1, 4, 5, 10, 11]. Histology dem-
onstrates features of GVHD as well as psoriasis in most
cases. This manifestation is not associated with a history of
psoriasis in either donors or patients.

An eruption resembling type II (atypical adult) pityriasis
rubra pilaris (PRP) has been described as a very rare variant
of acute GVHD, with only one reported case [13]. Clinically,
this variant reveals a pattern of PRP with erythematous fol-
licular hyperkeratotic papules coalescing to form diffuse red-
orange plaques with islands of unaffected skin, palmoplantar
keratoderma, and marked ichthyosiform scaling. Histology
shows typical changes of acute GVHD, such as basal vacu-
olar degeneration, scattered apoptotic keratinocytes at the
dermoepidermal junction, and lymphocyte satellitosis adja-
cent to dyskeratotic keratinocytes, as well as some character-
istics of PRP, including psoriasiform hyperplasia,
parakeratosis, and follicular plugging. The patient in this
report achieved a partial response with treatment [13].

Few cases of pityriasis rosea (PR)-like [14] and inverse
PR-like [3] chronic GVHD have been reported (Fig. 12.2). A
herald patch preceded the development of a more diffuse erup-
tion in half of the reported PR-like cases [14]. Histopathology
in these cases demonstrated features of both PR and GVHD.

Fig.12.2 A case of chronic cutaneous GVHD mimicking inverse pity-
riasis rosea
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Reactive Erythema

Reactive erythemas such as erythema multiforme [12, 17]
and erythema annulare centrifugum [4] have been reported
as unusual variants of chronic GVHD.

Erythroderma and Exfoliative Dermatitis

Erythroderma and exfoliative dermatitis have been reported
as a variant of chronic GVHD [4, 8, 12, 21]. This is often
preceded by papulosquamous, morbilliform, or annular
eruptions [4]. While exfoliative dermatitis can be seen in
progressive acute GVHD, this manifestation does not neces-
sarily reflect a progression of disease in chronic GVHD.

Ichthyosiform GVHD

Ichthyosis is an acknowledged feature of chronic cutaneous
GVHD [1]. Acquired ichthyosis has also been reported as a
manifestation of acute GVHD and is typically preceded by
or associated with other signs of cutaneous and extracutane-
ous GVHD [15, 16]. A personal or family history of ichthyo-
sis is not felt to be a relevant factor in this presentation.

Extensive Follicular Eruptions in GVHD

Follicular erythema and follicular keratosis or keratosis
pilaris-like lesions can be early manifestations of acute and
chronic GVHD, respectively. However, a follicular eruption
as a major clinical manifestation of acute or chronic GVHD
is uncommon (Fig. 12.3). In acute follicular GVHD, diffuse
eruptions of erythematous, follicular papules develop early
in the course of disease and precede or are simultaneous with
the classic morbilliform rash. In some reported cases, the
eruption was progressive and persistent, and the patients died
shortly after the diagnosis was made; however, because of
the small number of reports, it is unknown if acute follicular
GVHD indicates a more severe course than other types of
acute GVHD [18-20]. In contrast, chronic follicular GVHD
develops late in the course of disease and is considered a
clinical variant with more favorable prognosis [3, 23-25].
Another variant of chronic follicular GVHD that resembles
open and closed acne-like comedones, termed comedonal-
GVHD, has been reported in a few patients (Fig. 12.4). Like
other forms of chronic follicular GVHD, this variant has
been associated with a good clinical outcome [26].

Fig. 12.3 Chronic GVHD manifesting as follicular hyperkeratosis on
the flank
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A

Fig. 12.4 (a, b) Chronic GVHD presenting with comedone-like lesions on the back
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Atypical Acral Lesions in GVHD

While acral involvement in general is not uncommon in
GVHD, lesions can be variable. These include less common
presentations such as vesicles and scales resembling eczema
[12, 81]; acral keratoses resembling warts [2, 28]; and targe-
toid lesions resembling erythema multiforme [17].

GVHD-Associated Angiomatosis

Eruptive angiomas are an uncommon and poorly understood
manifestation of cGVHD [29-33]. The term “GVHD-asso-
ciated angiomatosis” (GVHD-AA) has been proposed to
describe this entity, which is believed to fall within the spec-
trum of reactive angiomatosis [30]. In GVHD-associated
angiomatosis, patients with sclerotic cGVHD develop vascu-
lar plaques and nodules within areas of skin fibrosis [30].
Histologically, these lesions display hemorrhagic crust,
irregular epidermal acanthosis, or atrophy overlying vague
lobular architecture with endothelial proliferation and
fibroblast-rich stroma, without atypia [30]. The pathogenesis
of these lesions is not clearly understood but may involve
increased lymphatic pressure, elevated angiogenic cytokines,
and aberrant endothelial damage and repair in the setting of
tissue chimerism [30]. These lesions have been associated
with a poor prognosis, primarily because of their association
with active GVHD and their recalcitrant nature. Data on the
management of GVHD-AA are limited, and modalities such
as shave, excision, cryotherapy, radiotherapy, thalidomide,
and electrocautery have been largely unsuccessful [29-33].
Some success has been demonstrated with combination siro-
limus and propranolol [30].

GVHD-Mimicking Connective Tissue
Diseases

Chronic cutanecous GVHD may present with an eruption
resembling cutaneous lupus erythematosus (LE) [4, 34, 35].
Skin exam may demonstrate a variety of clinical features
similar to LE, including a malar rash [4, 35], lesions resem-
bling hypertrophic LE [34], and annular plaques resembling
subacute cutaneous lupus erythematosus (SCLE) (Fig. 12.5).
Skin biopsy demonstrates features of lichenoid cGVHD, but
may also show characteristics seen in LE [34, 35]. This clini-
cal presentation can be associated with a poor prognosis,
with either development of sclerotic GVHD or a relapse of
hematological disease, as seen in one case series of five
patients who presented with malar rash [35]. While auto-
antibodies such as antinuclear antibody, anti-Ro, and anti-La
are variably positive in chronic GVHD, their significance is
unknown. This presentation is not associated with the devel-
opment of systemic LE symptoms.

Chronic cutaneous GVHD resembling dermatomyositis
has been described in a patient who developed a heliotrope
rash, edema of the eyelids, erythema of the knuckles, and
weakness of proximal muscles with myalgias. Muscle biopsy
was characteristic of dermatomyositis, and skin biopsy had
features of both GVHD and dermatomyositis [36]. Similarly,
chronic cutaneous GVHD can also rarely present with over-
lapping features of both dermatomyositis and LE [82].

Fig. 12.5 Chronic GVHD mimicking the annular lesions of subacute
cutaneous lupus
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Unusual Distributions of GVHD

There have been numerous cases of chronic lichen planus-
like GVHD presenting along Blaschko’s lines (Fig. 12.6)
[37—44]. One hypothesis explaining the linear and whorled
distribution of these lesions is an unmasking of genetic
mosaicism by the donor’s lymphocytes recognizing altered
cell surface antigens which were previously tolerated by the
patient’s own lymphocytes [43].

Chronic sclerotic-type and lichen planus-like GVHD may
rarely occur in a dermatomal distribution [12, 35, 39,
45-56], often, but not always, at the site of antecedent zoster
eruption. It has been hypothesized that viral proteins could
play a role by altering the surface antigenicity of keratino-
cytes, which then serve as targets for the donor effector cells
[38, 49, 50, 63, 83]. Interestingly, there has been one reported
case of extensive chronic GVHD sparing dermatomes previ-
ously affected by herpes zoster, demonstrating a Renbok or
inverse Koebner isomorphic phenomenon [84].

Chronic GVHD, typically sclerotic-type, has also demon-
strated other isotopic and isomorphic responses, with lesions
developing at sites of skin friction (waistband, brassiere) [,
46, 59, 60], previous central venous catheter placement, with
[46] or without [60] cellulitis, repeated needle sticks [46], suc-
tion blisters [54], Bacillus Calmette Guerin vaccination [54],
influenza vaccination [52], subcutaneous interferon alpha
injections [61], healed lesions of aGVHD [47, 54], previous
measles exanthem [57], striae distensae [62], external beam
radiotherapy [46, 63—65], sun or ultraviolet exposure [66], and
other sites of prior trauma or scar (Fig. 12.7). There has been
one reported case of sclerotic-type cGVHD presenting as
annular plaques in a patient with prior similar annular mor-
phology of his cutaneous lymphoma [58]. Whether this repre-
sents a true isotopic response is unclear. These responses are
not necessarily limited to chronic GVHD. There has been one
reported case of acute GVHD affecting only the lesional skin
of a patient with piebaldism [27]. Overall, these isomorphic,
isotopic, and isoradiotopic responses may be unified by the
concept of the cutaneous immunocompromised district [85].
The cutaneous immunocompromised district, as described by
Ruocco et al., is an area of skin where the local effective
immunity has been altered, permitting the development of
infection, tumor, or a dysimmune reaction, such as GVHD
[85]. Though the exact mechanism of GVHD development at
these sites remains unknown, this concept may provide some
insight into the pathophysiology of cGVHD.

Fig. 12.6 Chronic lichen planus-like GVHD occurring along
Blaschko’s lines
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Fig. 12.7 Cutaneous GVHD presenting at the site of a scar from prior
skin graft

Atypical Oral Manifestations

Under-recognized oral manifestations of GVHD include
black hairy tongue and thick-appearing white tongue. Black
hairy tongue (BHT), or lingua villosa, is an unusual condi-
tion in adults characterized by marked accumulation of kera-
tin on the dorsum of the tongue, resulting in a hair-like
appearance that has been reported as an unusual manifesta-
tion of GVHD [86]. BHT-like GVHD presents with pro-
nounced black-brownish pigment of the dorsal tongue, with
the appearance of elongated filiform papillae. Histopathology
of tongue biopsy specimens reveals acanthosis and hyper-
keratosis with evident filiform projections in the epidermis,
consistent with BHT, as well as basal cell hydropic degen-
eration, lymphocyte satellitosis, and scattered apoptotic
keratinocytes in the basal part of the epithelium and lamina
propria, consistent with GVHD. In the reported cases, BHT
was generally accompanied by other manifestations of cuta-
neous GVHD or preceded its onset. Cornejo et al. reported
development of an entirely white and thick-appearing tongue
as a striking end-complication of oral lichen planus-like
cGVHD that has been seen in the context of extensive cuta-
neous GVHD (Fig. 12.8) [3].

Fig. 12.8 Thick-appearing white tongue as a manifestation of oral
lichen planus-like GVHD
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Unusual Sequelae of Cutaneous GVHD

While partial depigmentation or vitiligo is considered a dis-
tinctive feature of chronic GVHD, total body leukoderma
with leukotrichia is extremely unusual, with only three
reported cases [22, 67, 68]. Onset of depigmentation can
occur after or alongside other manifestations of active GVHD
and can progress to total depigmentation within weeks [68] to
months [67]. Histopathology in these cases reveals a total
absence of melanocytes in the skin [22, 68, 69], as well as
features consistent with GVHD [67]. The presence of cyto-
toxic anti-melanocyte antibodies in the blood has been
reported [67]. It has been hypothesized that total leukoderma
occurs as a selective immune response against melanocytes in
the skin and hair, as in vitiligo [67]. The clinical presentation
in these cases is associated with an otherwise benign course,
though total leukoderma is persistent. No successful treat-
ments for reversal of post-transplant total leukoderma have
been reported in the literature to date. However, Jacobsohn
et al. suggested one could consider treating these patients
with therapies approved for vitiligo, given the histological
similarities between the two conditions [68]. As in vitiligo
and other depigmenting conditions, it is important for these
patients to follow adequate sun protective measures and have
close follow-up for cutaneous malignancies.

Dystrophic calcinosis cutis caused by chronic skin inflam-
mation in the setting of sclerotic cGVHD is another impor-
tant complication to recognize [69]. Calcinosis cutis can
cause significant pain and may lead to skin breakdown and
infection, restrictions in joint mobility, and overall reduced
quality of life. Treatment of this condition is difficult and
highlights the importance of prevention with aggressive,
early treatment of GVHD.

Bullae formation and subsequent breakdown of the skin
into ulcers is an additional, potentially serious complication of
scleroderma-like cGVHD. While these lesions can occur any-
where on the trunk or extremities, they typically involve the
lower limbs, where there is concomitant edema (Fig. 12.9)
[70]. These ulcers are often painful and slow to heal and can
serve as nidi for infection, severely affecting the patient’s qual-
ity of life and prognosis. Sclerosis and ulceration can be par-
ticularly extensive in some cases (Fig. 12.10). There are no
standardized approaches for the treatment of GVHD-
associated bullae or ulcers. Though ulcers are often unrespon-
sive to traditional therapy, wound care and local therapy play a
major role. Split-thickness skin transplantation from an HLA-
matched donor can be a successful permanent option [71].

R

Fig. 12.9 Tense bullae superimposed on scleroderma-like changes of
chronic GVHD

Fig.12.10 Severe, end-stage ulcerations in a patient with scleroderma-
like GVHD
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Summary

Reports describing atypical presentations of GVHD gener-
ally describe small numbers of patients, limiting our under-
standing of the pathogenesis of these presentations and their
significance with respect to disease course and prognosis.
Some subjectivity also exists in regard to classifying these
manifestations, and in cases that mimic other disorders, there
is an assumption that a single disease process exists.
However, it is possible that two separate diseases, one of
which is GVHD, co-exist at the same location, altering the
clinical appearance. Or, one disease may develop and then
induce GVHD at the same site. Complex mechanisms,
including not only the Koebner phenomenon, but also the
role of viral infections, such as in zosteriform or pityriasis
rosea-like GVHD, and epidermal mosaicism, as in
Blaschkoid GVHD, may play a role.

Recognizing the many protean manifestations of GVHD
presents a diagnostic challenge. Although histologic findings
of GVHD can be nonspecific, skin biopsy with close clinico-
pathologic correlation may enable diagnosis of likely GVHD
in these unusual cases. Early recognition and diagnosis of
GVHD facilitates initiation of proper management to mini-
mize the morbidity associated with severe or long-standing
mucocutaneous disease. This chapter illustrates the impor-
tance of maintaining a high index of suspicion when evaluat-
ing typical and atypical-appearing rashes in patients with a
history of stem cell transplantation.
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hair (alopecia), 88
histologic features, 52
angiomatosis, 54
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Chronic graft-versus-host disease (cGVHD) (cont.) systemic sclerosis, 101
comedone-like pattern, 53 T cells
eczematous pattern, 53 CD4 T helper cells, 15
follicular keratosis/keratosis pilaris—like pattern, 53 differentiation status, 15
lupus-like pattern, 53 Tregs, 15-16
pityriasis rosea—like pattern, 53 tense bullae superimposed, 157
psoriasiform pattern, 53 toxic oil syndromes, 101-102
histologic patterns, 50 treatment, 8, 97, 130
histopathology, 100 extracorporeal photopheresis, 133
ichthyosiform GVHD, 152 imatinib mesylate, 134-135
immunophenotype and molecular findings, 101 janus kinase (JAK) inhibitors, 135
in pediatric patients low-dose interleukin (IL)-2, 135
clinical features, 115-116 mammalian target of rapamycin (mTOR) inhibitors, 135
differential diagnosis, 117 phototherapy, 134
histopathology and laboratory evaluation, 117 rituximab, 133
incidence, 114 symptomatic, 131
outcomes, 120 systemic therapy, 131-132
risk factors, 114 vascular tumors, 102
treatment, 117-119 with comedone-like lesions, 153
inflammatory cytokine biomarkers, 17-19 wound care in management
keratosis pilaris, 84 cleaning, 140
lesions, 86, 87 collagen gel and matrix, 143
lichen planus-like, 127 compression, 141
lichen sclerosus, 94, 101 intralesional steroids, 142
lichen sclerosus-like plaque, 130 maggot debridement therapy, 145-146
lichenoid-type, 50-51 silver dressings, 144
lupus panniculitis, 101 topical calcineurin inhibitors, 142
morpheaform type, 94-95, 101 topical steroids, 142
nail changes, 89-90 Collagen gel and matrix, 143
natural killer (NK) cells, 17 Comedone-like pattern cGVHD, 53
nephrogenic systemic fibrosis, 101 Corticosteroid-refractory aGVHD, 65
new-onset ichthyosis, 84 Cutaneous graft-versus-host disease, unusual sequelae, 157

NIH consensus project severity scoring, 130
NIH Pathology Working Group, 50

non-skin-directed therapeutics D
calcineurin inhibitors, 99 Depigmentation, cGVHD, 82-83
conventional immunosuppression, 99 Desquamation, aGVHD, 26

corticosteroids, 99
extracorporeal photopheresis, 99

ibrutinib, 100 E
imatinib, 99 Eczematous pattern cGVHD, 53
low-dose interleukin-2, 100 Eczematous/ichthyosiform, chronic GVHD, 116
rituximab, 99 Engraftment syndrome (ES), 61
ruxolitinib, 99—100 Erosive graft-versus-host disease, 35
steroid-sparing immunosuppressants, 99 Erythema, 21-23

papulosquamous eruptions, 80-82, 151 Erythroderma, 25

pathology, 100 Extracorporeal photopheresis (ECP), 65, 133

poikiloderma, 86, 126
prognosis, 97

prophylaxis, 136 F
reactive erythema, 84, 152 Follicular accentuation, 23
risk factors, 8 Follicular keratosis/keratosis pilaris—like pattern cGVHD, 53

sclerotic, 50-51
scoring systems, 97-98

signs and symptoms, 70, 150 G

skin scoring, 70 Genetic polymorphism, 19

skin-directed therapeutics Genital graft-versus-host disease, 35
calcineurin inhibitors, 98 differential diagnosis, 37
narrow-band UVB, 98 Glucksberg grading, 62
photochemotherapy/PUVA, 98 Graft-versus-host disease (GVHD), 1
phototherapy, 98 angiomatosis, 154
topical corticosteroids, 98 atypical acral lesions, 154
UVAL, 98-99 atypical manifestations, 149
vitamin D analogues, 98 atypical oral manifestations, 156

subcutaneous fat (panniculitic), 96 erosive, 35

superficial dermis, 94 extensive follicular eruptions, 152
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genital, 35
differential diagnosis, 37
mimicking connective tissue diseases, 154
mucosal site, 29
clinical and histopathologic features, 38
National Institutes of Health Guidelines, 39
recommended prevention and monitoring, 40—41
scoring, 39
topical therapies, 4041
ocular, 30
differential diagnosis, 36
oral, 31
differential diagnosis, 36
prophylaxis, 7
treatment, 7
treatment failure causes, 9
unusual distributions, 155
unusual sequelae of cutaneous, 157
Graft-versus-leukemia (GVL) effects, 1

H
Hair (alopecia), cGVHD, 88
Hematopoietic stem cell transplantation (HSCT)
children (see Pediatric graft-versus-host disease)
conditioning regimens, 6
definition, 1
historical perspective, 2
indications, 2-3
myeloablative regimens, 6
reduced-intensity conditioning, 67
sources
bone marrow hematopoietic stem cells, 4
peripheral blood mobilized stem cells, 4
umbilical cord blood stem cells, 4
stem cell donors
matched related donor, 5
matched unrelated donor, 5-6
supportive care, 10
treatment failure causes, 9
Human leukocyte antigens (HLA), 1

1
Ichthyosis, cGVHD, 84
Imatinib mesylate, 134—135
Inflammatory cytokine biomarkers, cGVHD, 17-19
Interface dermatitis
concept of, 44
histologic grading and microscopic findings, 4445

J
Janus kinase (JAK) inhibitors, 135

K
Keratosis pilaris, cGVHD, 84

L

Lesions, cGVHD, 86, 87

Lichen planus-like cGVHD, 71-77
Lichen sclerosus-like cGVHD, 78-79
Low-dose interleukin (IL)-2, 135
Lupus-like pattern cGVHD, 53

M
Maggot debridement therapy, 145-146

Mammalian target of rapamycin (mTOR) inhibitors, 135

Morbilliform lesions, aGVHD, 24
Morpheaform sclerotic chronic GVHD, 115
Mucosal graft-versus-host disease, 29
clinical and histopathologic features, 38
National Institutes of Health Guidelines, 39
recommended prevention and monitoring, 4041
scoring, 39
topical therapies, 4041

N
Nail changes, cGVHD, 89-90
Natural killer (NK) cells, cGVHD, 17
NIH Pathology Working Group, 50
Non-skin-directed therapeutics, cGVHD
calcineurin inhibitors, 99
conventional immunosuppression, 99
corticosteroids, 99
extracorporeal photopheresis, 99
ibrutinib, 100
imatinib, 99
low-dose interleukin-2, 100
rituximab, 99
ruxolitinib, 99-100
steroid-sparing immunosuppressants, 99

(0]
Ocular graft-versus-host disease, 30
differential diagnosis, 36
Oral graft-versus-host disease, 31
differential diagnosis, 36
palatal changes, 33
post-transplant patients
tongue change in, 34
ulcerations in, 32

P
Papules, aGVHD, 27
Papulosquamous eruptions, cGVHD, 80-82
Pediatric graft-versus-host disease
acute GVHD
classification, 109
clinical features, 106107
differential diagnosis, 108
histopathology and laboratory evaluation, 109
incidence, 105
outcomes, 114
risk factors, 106
treatment, 110-113
chronic GVHD
clinical features, 115-116
differential diagnosis, 117
histopathology and laboratory evaluation, 117
incidence, 114
outcomes, 120
risk factors, 114
treatment, 117-119
Phototherapy, 134
Pityriasis rosea—like pattern cGVHD, 53
Platelet-derived growth factor receptors (PDGFR), 17
Poikiloderma, cGVHD, 86
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Pterygium nail deformity, chronic GVHD, 116

R

Rabbit antithymocyte globulin, aGVHD, 65-66
Reactive erythema, cGVHD, 84

Recipient antigen presenting cells (rAPCs), 13
Reduced intensity conditioning (RIC) regimens, 1
Regulatory T cells (Tregs), 15-16

Reticulated patterns, aGVHD, 25

Rituximab, 133

S
Silver dressings, 144
Skin-directed therapeutics, cGVHD
calcineurin inhibitors, 98
narrow-band UVB, 98
photochemotherapy/PUVA, 98
phototherapy, 98
topical corticosteroids, 98
UVAL, 98-99
vitamin D analogues, 98
Solar lentigos and actinic keratose, 120
Subcutaneous fat (panniculitic) cGVHD, 96
Symptomatic chronic graft-versus-host disease, 131
Systemic lupus erythematosus (SLE), 47
Systemic sclerosis, cGVHD, 101

T
T cells, cGVHD
CDA4 T helper cells, 15
differentiation status, 15
Tregs, 15-16
T-cell-depleted (TCD) bone marrow, 49
Thymic stromal lymphoprotein (TSLP), 49
Topical calcineurin inhibitors, 142
Topical steroids, 142
Toxic erythema of chemotherapy, 48
aGVHD, 61
Toxic oil syndromes, cGVHD, 101-102
Tregs. See Regulatory T cells (Tregs)

v
Vitiliginous changes, chronic GVHD, 115

w

Wound care, cGVHD management
cleaning, 140
collagen gel and matrix, 143
compression, 141
intralesional steroids, 142
maggot debridement therapy, 145-146
silver dressings, 144
topical calcineurin inhibitors, 142

topical steroids, 142
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