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Abstract Hematopoietic stem cell transplant, a life-saving
therapeutic option for some patients with malignant and
non-malignant disease, may be complicated by a variety of
cutaneous and systemic sequelae. Dermatologists are an inte-
gral part of the multidisciplinary effort involved in the care of
stem cell transplant patients, as skin tissue may be the initial,
and/or only, site of graft-versus-host disease (GVHD).
Consequently, prompt diagnosis and treatment of cutaneous
eruptions in the early post-transplant period may contribute to
a reduction in morbidity and mortality. An important con-
founding issue is the clinical and histopathologic overlap of
features among common cutaneous eruptions in stem cell
transplant patients, with particular difficulties associated with
differentiating GVHD from both cutaneous reactions to drugs
(CRDs) as well as viral exanthema, including viral reactiva-
tion. We review challenges in the initial diagnosis of cutane-
ous eruptions following hematopoietic stem cell transplanta-
tion and provide an update on approaches to the differential
diagnosis for GVHD, CRDs, and viral exanthema.
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Abbreviations
GVHD Graft-versus-host disease
HSCT Hematopoietic stem cell transplantation
aGVHD Acute graft-versus-host disease
BSA Body surface area
SGOT Serum glutamic oxaloacetic transaminase
CRDs Cutaneous reactions to drugs
DIHS Drug-induced hypersensitivity syndrome
DRESS Drug rash with eosinophilia and systemic

symptoms
TEN Toxic epidermal necrolysis
SJS Stevens-Johnson syndrome
HHV-6 Human herpesvirus-6
EBV Epstein-Barr virus
CMV Cytomegalovirus
HSV Herpes simplex virus
PCR Polymerase chain reaction
DNA Deoxyribonucleic acid
HAEM Herpes-associated erythema multiforme

Introduction

Stem cell transplantation is the definitive therapy for a variety
of malignant and non-malignant hematologic diseases. Graft-
versus-host disease (GVHD) is a common complication of
allogeneic hematopoietic stem cell transplantation (HSCT)
occurring in 30–70 % of patients and its prevalence continues
to increase with increasing prevalence of HSCT [1, 2••].
Important skin complications after stem cell transplantation
include GVHD, cutaneous reactions to drugs (CRDs), and
viral exanthema, especially as may be related to viral reacti-
vation. HSCT patients are a uniquely vulnerable patient pop-
ulation; their weakened immune system makes them more
susceptible to infection and more likely to undergo
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polypharmacy treatment approaches that lead to increased risk
for CRDs [3].

The differential diagnosis for morbilliform eruptions post-
HSCT includes GVHD, CRDs, and viral exanthema, all of
which might share indistinguishable clinical and histopatho-
logic findings [4]. Evaluation of such patients by a dermatol-
ogist, particularly as part of a multidisciplinary team, is essen-
tial to the effort to decrease morbidity and mortality attribut-
able to cutaneous eruptions following HSCT [5•]. The com-
mon scenario of trying to differentiate acute graft-versus-host
disease (aGVHD) from drug eruptions and viral exanthema
highlights the importance of dermatology consults and skilled
dermatopathologists [6].

Acute Graft-Versus-Host Disease

GVHD is an immunologic reaction of immunocompetent do-
nor immune cells against non-identical host cells targeting
mainly the skin, gastrointestinal tract, and liver [7]. In 2014,
the NIH Chronic GVHD Consensus Criteria revised the 2005
consensus criteria to clarify GVHD diagnosis and subcate-
gories, differentiating acute and chronic GVHD based on clin-
ical symptoms, and not on the time elapsed since transplant
[2••]. Common cutaneous features/symptoms of aGVHD in-
clude erythema, maculopapular lesions, and pruritus with oral
mucosal involvement manifested by gingivitis, mucositis, er-
ythema, and pain. Although skin may sometimes be the only
organ targeted, the gastrointestinal tract and liver are also com-
monly involved [8]. aGVHD severity is uniformly assessed as
stage 1–4 in each target organ by measuring affected skin
body surface area (BSA) in the skin, bilirubin and serum
glutamic oxaloacetic transaminase (SGOT) levels in the liver,
and diarrhea output in the gut (Table 1) [9, 10]. A composite
score of skin, liver, and gut staging is used to determine the
aGVHD grade from I to IV. Systemic symptoms such as fever,
nausea, vomiting, diarrhea, weight loss, and elevations in liver
enzymes and bilirubin levels are variably present [2••].

Cutaneous aGVHD is classically described as a sudden
onset, symmetric, morbilliform eruption, predominantly in-
volving the upper back, palms, soles, pinnae, and cheeks
[2••, 8]. Acral involvement of the palms and soles as well as
an erythematous to violaceous discoloration of the ears are
highly suggestive of GVHD [7]. Severe GVHDmight present

with confluence of lesions and evolution to generalized
erythroderma, bullae formation, a positive Nikolsky sign,
and erosive mucosal changes [7, 8, 11•].

Skin eruption is recognized by the Glucksberg criteria and
the 2005 NIH Consensus Conference as integral to the diag-
nosis of aGVHD; however, specific morphologic and anatom-
ic features have not been systematically categorized [12••].
Given the clinical variability of cutaneous aGVHD, atypical
presentations occur frequently and are important to differenti-
ate [1]. Atypical morphologic presentations of aGVHD have
included eczematous (craquele-like), psoriasiform, follicular,
lichenoid, contact dermatitis-like, and pityriasis rubra pilaris-
like [1]. Recent attempts have been made to elucidate the
clinical morphology and primary anatomic sites for aGVHD.
A retrospective review of 42 patients with aGVHD following
HSCT described the morphology of skin aGVHD skin erup-
tion as morbilliform in 55 %, patchy erythema in 38 %, con-
fluent in 33 %, follicular accentuation in 29 %, purpuric/
violaceous in 24 %, desquamative in 14 %, reticulated in
10 %, bullous in 5 %, and erythrodermic in 5 % [12••]. In this
same study, favored anatomic sites for cutaneous eruptions
included the trunk in 69 %, arms/legs in 67 %, face in 62 %,
ears in 38 %, and palms in 38 %. A retrospective review of 22
patients with aGVHD by Byun et al. found that involvement
of the face, especially in conjunction with the palms and soles,
favors a diagnosis of aGVHD [3].

Histological criteria for grading cutaneous aGVHD include
vacuolization of the basal epithelial layer (grade 1), keratinocyte
apoptosis and satellitosis (grade 2), subepidermal clefting (grade
3), and epidermal separation (grade 4) [8]. Recent NIH guide-
lines found the minimum requirement for diagnosis of skin
aGVHD to be apoptosis within the basilar or lower spinosum
layers of the epidermis and recommend focusing on interpreta-
tion of vacuolar changes and apoptotic keratinocytes in cases of
minor alteration [13•]. Dermatopathology is an important factor
in the diagnostic workup for patients lacking clear and distinct
clinical features of aGVHD [8, 11•, 13•].

The sensitivity and specificity of dermatopathology for
aGVHD is unknown [1]. Although there is no pathognomonic
histologic finding for aGVHD, the consensus criteria for histo-
logic diagnosis of aGVHD were released by an NIH working
group, recognizing the fact that making a definitive diagnosis is
highly subject to histologic interpretation within a particular

Table 1 Acute graft-versus-host disease clinical stage [9]. This table is adapted from Przepiorka et al [10].

Skin Liver Gut

Stage 1 Rash affecting <25 % of skin Bilirubin 2.0–3.0 mg/100 ml and SGOT 150–750 international units Diarrhea >500 ml/day

Stage 2 Rash affecting 25–50 % of skin Bilirubin 3–6.0 mg/100 ml +/− increased SGOT Diarrhea >1000 ml/day

Stage 3 Generalized erythroderma Bilirubin 6–15.0 mg/100 ml +/− increased SGOT Diarrhea >1500 ml/day

Stage 4 Generalized erythroderma + bullae
+/− desquamation

Bilirubin >15.0 mg/100 ml +/− increased SGOT Diarrhea >2000 ml/day, severe
abdominal pain +/− ileus
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clinical context [5•, 11•, 13•]. It has been suggested that in order
to improve the standardization and reproducibility of a histo-
pathologic diagnosis of aGVHD, it is important to give careful
attention to the presence of interface changes consistent with
dermatitis as well as the presence of apoptotic keratinocytes in
adnexal structures [11•]. Analysis of dermatopathology results
was found to be most accurate for aGVHD with samples of
sufficient size and taken from an anatomic site with a dense
presence of sweat glands or hair follicles in order to best allow
for evaluation of interface alteration [11•]. The diagnosis of
aGVHD cannot be made in isolation, and the usefulness of
correlating histological and clinical findings has been previous-
ly demonstrated with the percentage of correct diagnosis of
aGVHD increasing from 33 to 80 % when dermatopathology
is informed with clinical data [11•].

The utility of skin biopsies early post-HSCT has been chal-
lenged given the nonspecific lesional morphology, inconsistent
correlation to disease severity, and evidence that clinical man-
agement may not greatly differ regardless of specific diagnosis
[5•, 7, 14, 15]. In a retrospective study evaluating
dermatopathology from 352HSCT recipients, a discordance rate
of 55 % between pre-biopsy and post-biopsy diagnosis was
found, but biopsy results led to therapeutic management changes
in only 16 % of patients [14]. Although clinical management
was not altered in the majority of patients, this propensity for
change from pre-biopsy to post-biopsy diagnosis suggests that
the biopsy remains an important tool that serves to establish a
definitive diagnosis in post-HSCT recipients with skin rash.

Cutaneous Reactions to Drugs

Post-transplantation, patients typically require drugs and bio-
logic agents, several of which are associated with cutaneous
reactions that may be difficult to differentiate from aGVHD
[15]. CRDs are idiosyncratic drug or biologic agent which
induced skin reactions (unrelated to dose or pharmacological
action) that appear 7–10 days, or more, after initial exposure to
the inciting agent, and typically appear more acutely with re-
exposure [4]. Themost common agents associated with CRDs
post-HSCTare antibiotics, particularly penicillin moieties and
sulfonamide moieties [16]. Typically, CRDs are described as
morbilliform, exanthematous, and centrifugal rashes, begin-
ning on the trunk and spreading peripherally to proximal ex-
tremities. Urticarial, bullous, and pustular subtypes are not as
common; pruritus is typically present; in severe cases, conflu-
ent erythema may proceed to erythroderma and widespread
exfoliation [3, 4, 16]. Severe rash may also be accompanied
by constitutional and non-specific gastrointestinal symptoms
that may mimic non-drug causes of HSCT rash [3, 4, 16].

Drug-induced hypersensitivity syndrome (DIHS) and drug
rash with eosinophilia and systemic symptoms (DRESS) are
multi-organ disorders that usually present as morbilliform or
erythrodermic cutaneous features, peripheral eosinophilia, and

hypogammaglobulinemia [17]. Classic histologic findings in-
clude perivascular lymphocytic infiltration with extravascular
eosinophils, and rarely epidermal necrosis or degeneration of
the basal layer [17]. Although both DIHS/DRESS and
aGVHD share histologic findings of interface dermatitis, apopto-
tic keratinocytes, spongiosis, and vacuolar degeneration, such
findings may be of greater severity in aGVHD, perhaps due to
significantly higher ratio of regulatory FoxP3+ T cells/CD3+ T
cells in DIHS/DRESS compared to aGVHD skin lesions [17].

Toxic epidermal necrolysis (TEN) and Stevens-Johnson
syndrome (SJS) are acute mucocutaneous eruptions that can
present with extensive blistering and desquamation, which
can be difficult to differentiate from aGVHD [18]. Reports
have described stage IV aGVHD as both clinically and histo-
logically mimicking TEN, making a definitive diagnosis dif-
ficult [3, 7]. Skin biopsy results can be indistinguishable
among stage IV aGVHD and early TEN, with full thickness
epidermal necrosis as a hallmark for both entities [18]. It has
been suggested that aGVHD and TEN have a shared mecha-
nism involving autoreactive CD8+ T cell activation and up-
regulation of interleukin-2 and interleukin-2 receptor that may
account for similar clinical and histological findings in early
TEN and stage IV aGVHD [7, 19].

Viral Exanthema

The immunocompromised state of HSCT patients and resultant
impaired cell-mediated immunity frequently results in reactiva-
tion of human herpesvirus 6 (HHV-6), Epstein-Barr virus
(EBV), cytomegalovirus (CMV), enteroviruses, adenoviruses,
parvovirus-B19, and herpes simplex virus (HSV); such reacti-
vation may manifest as skin eruptions similar to drug exanthe-
ma as well as aGVHD [4, 16, 20]. Common systemic compo-
nents of viral reactivation include fever, gastrointestinal symp-
toms similar to those often found in aGVHD and some drug
reactions, as well as myalgias and pneumonitis [21].

For many HSCT patients, viral reactivation is a difficult
diagnosis due to non-specific cutaneous findings, atypical pre-
sentation, or a lack of classically associated symptoms [20].
Cutaneous presentation is most often a non-specific
morbilliform rash [16, 20]. If present, findings of a petechial
exanthema with fever, malaise, myalgia, cervical lymphade-
nopathy, and non-exudative pharyngitis all favor a diagnosis
of CMV, while findings of fever, cervical lymphadenopathy,
pharyngitis, periorbital edema, and palatal petechiae all favor
EBV [20]. Dermatopathologic findings unique to viral infec-
tion, such as the presence of intranuclear inclusions
surrounded by a halo in CMV, allows for diagnosis; however,
most often, biopsy findings are non-specific and therefore
cannot be differentiated from aGVHD and drug eruptions
such that further testing to detect viruses such as polymerase
chain reaction (PCR) may prove to be useful in obtaining a
definitive diagnosis for viral exanthema [16, 20].
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The relationship between viruses and aGVHD appears to
be bidirectional and is an area of active exploration [20].
HHV-6 is associated with a morbilliform rash similar to that
of aGVHD, and the virus has also been linked to the develop-
ment of aGVHD [21, 22]. Kitamura et al. found that HHV-6
deoxyribonucleic acid (DNA) levels in peripheral blood cor-
related with development of a skin rash that was diagnosed as
aGVHD [21]. Differentiating HHV-6 reactivation from
aGVHD post-HSCT is complicated by the uncertain role that
HHV-6may play in the development of aGVHD [21, 22]. Due
to difficulty in distinguishing between HHV-6-induced skin
lesions and aGVHD, it has been reported that HHV-6 should
be included in the differential diagnosis of aGVHD and that
serum HHV-6 viral load should be ascertained [20, 21, 23].
HHV-6 reactivation is typically associated with non-specific
systemic symptoms; however if present, pneumonitis or neu-
rologic symptoms may allow for recognition and assist with
diagnosis of viral infection with skin rash post-HSCT [23].

Herpes-associated erythema multiforme (HAEM) can clin-
ically and histologically appear similar to aGVHD [24].
HAEM and aGVHD lesions were found to express HSV Pol
protein antigen and DNA, but the possibility that the skin
lesions diagnosed as aGVHD were actually virus-associated
lesions in the HAEM family could not be excluded, highlight-
ing the inability to easily differentiate aGVHD from viral ex-
anthema [24]. In some patients, HAEM, which was
misdiagnosed as aGVHD, was found to have lesional Pol
expression with Pol levels that correlated to lesional severity,
but not to the histopathologically diagnosed aGVHD grade
[25]. These studies are supportive of the fact that viral exan-
thema remain particularly difficult to differentiate from
aGVHD and underscores the importance of dermatology con-
sultation as well as the need for further exploration to under-
stand the relationship of these factors in HSCT patients with
skin rash.

Differential Diagnosis

Common causes of morbilliform rash post-HSCT include
aGVHD, CRDs, and viral exanthema, including reactivation,
all of which invoke a challenge to correctly diagnose a post-
HSCTskin rash given their overlapping clinical and histologic
features and considering that aGVHD is a clinical diagnosis
and often one of exclusion.

Clinical Approach

Clinical evaluation of post-HSCT skin lesions for prominent
characteristics of aGVHD is recommended as an initial ap-
proach [4, 8]. It has been noted that the rash of aGVHD is
characteristically accentuated in anatomical sites located on
the face, palms, soles, pinnae, and cheeks [3, 8]. More distinct

characteristics of aGVHD rash include violaceous discolor-
ation of the pinnae and follicular prominence.

Extracutaneous clinical findings may be correlated to skin
findings to aid in diagnosis. Diarrhea and hyperbilirubinemia
are often associated with aGVHD, but may also be associated
with other post-HSCTconditions including drug reactions and
viral reactivations [3, 16, 18]. In a study comparing 22 patients
with aGVHD and 17 patients with CRDs post-HSCT, com-
bined diarrhea and hyperbillirubinemia were only present in
the aGVHD cohort, leading to a conclusion that post-HSCT
skin rashes present for more than 2 to 3 days in the absence of
diarrhea or hyperbilirubinemia are less likely to be GVHD [3].
Moreover, although respiratory and neurologic findings may
favor viral origin, any internal organ can be affected in asso-
ciation with CRDs, including the lungs, liver, kidney, pancre-
as, heart, and thyroid [4, 23].

Diagnostic Tests

Although dermatopathology is an important aspect of the dif-
ferential diagnosis for cutaneous eruptions following HSCT, it
is important to note that biopsies alone cannot consistently
render a definitive diagnosis [11•, 13•]. The 2015 NIH
Consensus guidelines noted that false-positive diagnosis of
aGVHD might result from concurrent infections, drug erup-
tions, or inflammatory reactions unrelated to aGVHD [13•].
To diagnose aGVHD in equivocal cases, it is important to
focus on vacuolar changes and apoptotic keratinocytes within
the adnexal epithelia [11•, 13•]. It is useful to note that in a
study comparing aGVHD and CRDs, aGVHD was found to
lack spongiosis and have fewer dermal eosinophils [5•].

Quantitative eosinophil analysis has been proposed as a
method for differentiating CRDs from aGVHD as it has been
noted that there is a lower density of eosinophils in aGVHD
compared to what is typically seen for CRDs [15]. An NIH
consensus project concluded that the presence of tissue eosin-
ophils demonstrated in the histological examination of skin
cannot reliably diagnose drug hypersensitivity as eosinophils
may also be present in skin affected by aGVHD [13•].
Moreover, relying on eosinophils to exclude aGVHD may
result in an incorrect diagnosis and potentially life-
threatening delays in treatment [13•, 15].

Aviral exanthema in HSCT patients relies on evidence from
viral culture, serologic testing, antigen detection, and nucleic
acid detection via PCR in order to differentiate viral exanthema
from aGVHD [20, 26]. For example, although histologic find-
ings are often non-specific, a definitive diagnosis of CMV viral
exanthema is made if enlarged endothelial cells with
intranuclear inclusions surrounded by a halo are visible [16].

Serum biomarkers for the diagnosis of aGVHD are an im-
portant area of research interest. While there are many candi-
date biomarkers for the diagnosis of systemic aGVHD, the
only biomarker specific for skin aGVHD is elafin [27, 28].
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Paczesny et al. found that elafin may be helpful in diagnosis of
skin aGVHD and that its sensitivity and specificity can be
increased when combined with systemic aGVHD biomarkers
[27]. However, a recent study by Bruggen et al. found that
elafin could not differentiate between aGVHD and CRDs
[29]. It remains to be seen if elafin or other aGVHD markers
will be able to reliably differentiate aGVHD skin rash from
other causes of post-HSCT cutaneous eruptions.

Conclusions

A better understanding of aGVHD skin eruption morphology
and anatomic distribution is expected to allow for better differ-
entiation of similar lesions caused by CRDs and viral exanthe-
ma, but systematic investigations are lacking. Given that
aGVHD is diagnosed clinically and that there are limitations
to the utility of skin biopsies for patients presenting with a
morbilliform rash early after HSCT, there has been debate re-
garding the utility of skin biopsy. Skin biopsy was recommend-
ed by only 62 % of a group of dermatopathologists, dermatol-
ogists, transplant-physicians, and transplant-pathologists con-
vened for a consensus regarding aGVHD and the role of skin
biopsy in forming a diagnosis [30]. They concluded that skin
biopsies are most important in cases of atypical clinical features
or for exclusion of other non-aGVHD diagnoses. Taking all
findings into consideration, diagnosis of a morbilliform skin
eruption post-HSCT requires correlation of clinical findings
with dermatopathologic and laboratory findings to help differ-
entiate aGVHD, CRDs, and viral exanthema.
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