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Abstract Graft-versus-host disease (GVHD) is an

immunological reaction and a frequent complication fol-

lowing allogeneic hematopoietic stem cell transplantation.

It is associated with high mortality rates and may have a

significant negative impact on the patient’s quality of life,

particularly in the chronic-stage setting. Many different

organs can be involved, which leads to a wide range of

clinical manifestations. In this context, dermatologists play

a key role by diagnosing and treating GVHD from the

outset since cutaneous features are not just the most com-

mon but are also usually the presenting sign. Several skin-

direct therapies are available and may be indicated as

monotherapy or adjuvant treatment in order to allow faster

tapering and withdrawal of systemic immunosuppression.

Treatment of steroid-refractory patients remains a chal-

lenge and, to date, no consensus has been reached for one

single agent in second-line therapy. This article aims to

review skin involvement as well as provide and update

discussion on therapeutic options for both acute and

chronic cutaneous GVHD.

Key Points

Cutaneous manifestations are the most common and

are often the presenting sign of graft-versus-host

disease (GVHD).

Cutaneous GVHD may mimic well-known

inflammatory and autoimmune disorders.

The frequent overlapping of both clinical and

histopathological findings of cutaneous GVHD with

other entities can make it difficult to establish a

definite diagnosis.

1 Background

Graft-versus-host disease (GVHD) is an immune-mediated

reaction and a major complication following allogeneic

hematopoietic stem cell transplantation (HSCT). It can

affect between 40 and 60% of patients, depending on host

and donor factors, and accounts for 15% of mortality after

HSCT [1, 2]. Although extremely rare, GVHD may also

occur after transfusion of blood products, after solid organ

transplantation, and even after autologous HSCT [3–5].

In the allogeneic HSCT setting, human leucocyte anti-

gen (HLA) mismatch is the strongest determinant of

GVHD occurrence, but minor histocompatibility antigens

are also thought to play a role in its pathophysiology [6].

Additional risk factors include advanced age of the recip-

ient, myeloablative conditioning regimens, gender dispar-

ity between host and donor, donor multiparity,

nonconventional GVHD prophylaxis, and the use of

peripheral blood stem cells as the graft source [2, 7–10].
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In spite of all its negative consequences, GVHD is asso-

ciatedwith a beneficial effect known as graft-versus-leukemia

(GVL) and lower relapse rates of hematologic malignancies.

This is of particular relevance in reduced-intensity condi-

tioning regimens that have limited cytotoxicity, and may not

be able to promote complete destruction of themalignant cells

themselves. From this perspective, depending on the patient’s

underlying disease and conditioning regimen applied, a mild

presentation of GVHD is considered beneficial in order to

ensure an immunological antitumor effect [11].

Dermatologists play a critical role in the context of

allogeneic HSCT, not only by attending patients who can

benefit from this kind of therapy, such as those with cuta-

neous T-cell lymphomas, but also by diagnosing and treating

GVHD from the outset since cutaneous manifestations are

the most common and are often the presenting sign.

2 Classification

GVHD was originally classified as acute or chronic depend-

ing on the time of onset after HSCT. GVHD signs and

symptoms appearing within the first 100 days after trans-

plantation were considered acute, whereas those occurring

beyond 100 days were assumed as chronic, independent of

clinical presentation. However, expanding transplant prac-

tices affecting the recipient’s immune status, such as reduced-

intensity conditioning regimens, infusion of donor lympho-

cytes (DLI), and second allogeneic HSCT, have changed the

classical onset of acute and chronic manifestations [12–14].

In addition, tapering and withdrawal of systemic immuno-

suppression are frequently related to relapse of acute GVHD

after 100 days of HSCT [13, 14]. Since these two forms of

GVHD can differ in terms of prognosis and treatment, a new

classification was considered necessary.

In 2005, the National Institutes of Health (NIH) Working

Group redefined both acute and chronic GVHD, primarily

according to its clinical and histopathological features, and

divided them into two subcategories (classic acute GVHD,

and persistent, recurrent or late-onset acute GVHD; classic

chronic GVHD and overlap syndrome), which were

reviewed and ratified by the 2014 NIH Chronic GVHD

Diagnosis and Staging Consensus (Table 1) [13, 15].

3 Pathophysiology

3.1 Acute Graft-Versus-Host Disease (GVHD)

Pathophysiology

Acute GVHD is mediated by donor T cells that migrate to

lymphoid tissues immediately following graft infusion.

Chemotherapy and radiotherapy used during the conditioning

regimens induce tissue damage and consequently release

exogenous (lipopolysaccharides) and endogenous (e.g.

interleukin [IL]-1, tumor necrosis factor [TNF]-a, IL-6, and
interferon [IFN]-c) molecules that activate the innate immune

response via toll-like receptors [16]. Host antigen-presenting

cells (APCs) in the early post-HSCT phase, and emerging

donor APCs, detect antigen histocompatibility disparity and

provide co-stimulatory molecules for the activation of

alloreactive T lymphocytes, which expand and differentiate

into various subtypes, preferentially T helper (Th) 1/T cyto-

toxic (Tc) 1 and Th17/Tc17 [17, 18]. Cytotoxic effector T

cells exit lymphoid tissues and traffic to the target organs

(mainly the skin, gut, liver, and thymus) through chemokine

receptor, selectin-ligand and integrin-ligand interaction,

causing tissue damage with direct cytotoxic activity and

recruitment of other inflammatory cells [19]. The loss of

normal thymic repertoire selection in addition to an imbal-

ance between the effector and regulatory T cells are also

thought to play a role in its pathophysiology [20–23].

3.2 Chronic GVHD Pathophysiology

Chronic GVHD pathophysiology involves both alloimmune

and autoimmune reactions. The post-fetal thymus is not

effective in eliminating autoreactive T cells and may be

further compromised by the conditioning regimens and

alloreactive T cells during acute GVHD [24]. It has been

proposed that impaired negative selection in the thymus may

be implicated in production of autoreactive and alloreactive

T CD4? cells [24, 25]. In the past, the Th2 pathway was

correlated with fibrosis due to IL-4 and IL-13 binding and

activation of fibroblasts [26, 27]. However, emerging evi-

dence supports the role of the Th17 pathway by showing

increased IL-17 messenger RNA transcripts, and infiltration

of Tc17 in the skin [28]. Other studies suggest that reduced

levels of FOXP3? CD4?CD25? regulatory T cells may

also play a role by revealing decreased frequency and

reduced gene expression of T-regulatory transcription factor

FOXP3 in chronic GVHD patients when compared with

individuals without GVHD or healthy donors [29]. In

addition, increased activity of B lymphocytes with both

autoantibody and alloantibody secretion have been shown to

be implicated [30, 31]. The interaction of these antibodies

with tissue macrophages may explain its aberrant differen-

tiation, resulting in transforming growth factor (TGF)-b
production, myofibroblast activation, and fibrosis [32, 33].

4 Biomarkers

Several studies have sought to identify the role of

biomarkers in GVHD in order to improve clinical and

histopathological diagnosis, prediction of disease
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occurrence, and response to therapy. Although some trials

have demonstrated the value of biomarkers in the GVHD

setting, limited evidence exists to date to support their use

in clinical routine.

Initial studies have failed to demonstrate correlation

between some cytokines (e.g. IL-2, TNFa) and acute

GVHD development and severity due to their lack of

specificity in the context of HSCT [34, 35]. More recent

trials have focused on additional cytokines, cell surface

molecules, and soluble biomarkers that may foretell end-

organ injury. Paczesny et al. showed direct association of

plasmatic levels of elafin, a soluble protein produced by

keratinocytes, and disease severity in cutaneous GVHD

[36], while Ahmed et al., in a cohort study, identified

B-cell-activating factor (BAFF) and the chemokine recep-

tors CXCL10 and CXCL11 as predictors for both acute and

chronic GVHD diagnosis [37]. In a prospective, random-

ized trial, Levine et al. concluded that a biomarker algo-

rithm composed of TFNR1, ST2, and REG3a was able to

better predict 6-month nonrelapse mortality at acute

GVHD diagnosis than Glucksberg grade [38]. Hartwell

et al. reported that an algorithm based on the concentra-

tions of two biomarkers (ST2 and REG3a) 7 days after

HSCT, predicted patients at high risk for lethal GVHD and

nonrelapse mortality [39]. In addition, Pidala et al.

demonstrated that a 3 RNA marker panel (IRS2,

PLEKHF1, and IL1R2) in combination with clinical vari-

ables could distinguish chronic GVHD cases from non-

GVHD controls with a high degree of accuracy [40].

Newer markers have been suggested but need broader

clinical confirmation.

5 Clinical Manifestations

5.1 Acute GVHD Clinical Manifestations

Skin, gut, and liver are the major target organs in acute

GVHD, and therefore the classic triad of exanthema,

diarrhea and elevated bilirubin levels strongly suggest the

diagnosis [41]. On the other hand, each site can also be

individually involved, which may represent a challenge for

physicians dealing with allogeneic bone marrow-trans-

planted patients.

Acute GVHD signs and symptoms are usually present

after neutrophil engraftment, but a relatively rare and

severe hyperacute form of GVHD has been reported within

the first 2 weeks of HSCT [42]. Saliba et al. carried out a

prospective clinical trial with 265 grade II–IV acute GVHD

patients and evidenced that skin involvement was signifi-

cantly more common (88 vs. 44%) and extensive (stages

III–IV, 88 vs. 66%) in hyperacute forms compared with

acute GVHD. In addition, these authors reported higher

mortality and lower response rates to first-line therapy in

the hyperacute group of patients [42].

Cutaneous manifestations are the most common and are

often the presenting sign of the disease. They are classi-

cally described as erythematous maculopapular morbilli-

form eruptions starting on the face, ears, palms, and soles.

Follicular erythema is a frequent acute GVHD early man-

ifestation, and both erythematous macular and papular

rashes can occur [13, 43]. Skin lesions often spread to the

trunk and may evolve to erythroderma, affecting an

extensive body surface area (BSA) (Fig. 1a, b), while

epidermolysis can be present in severe cases resembling

toxic epidermal necrolysis (Figs. 2, 3a, b) [13]. Itching and

dysesthesia are commonly reported, but some patients

remain asymptomatic. Atypical presentations mimicking

pityriasis rubra pilaris, acquired ichthyosis, and psoriasis

vulgaris-like eruption have been previously reported in the

literature [44–46].

When the skin is the only organ involved, the frequent

overlapping of both clinical and histopathological features

of acute GVHD with other entities such as drug hypersen-

sitivity reactions, viral exanthems, and lymphocyte recovery

eruptions makes it difficult to establish a definite diagnosis

[47, 48]. However, the involvement of particular sites, such

as face, palms, and soles, may favor acute GVHD in some

Table 1 Categories of acute and chronic graft-versus-host disease

Category Time of symptoms after

HSCT or DLI

Presence of acute

GVHD features

Presence of chronic

GVHD features

Acute GVHD

Classic acute GVHD B100 days Yes No

Persistent, recurrent, or late-onset acute GVHD [100 days Yes No

Chronic GVHD

Classic chronic GVHD No time limit No Yes

Overlap syndrome No time limit Yes Yes

Adapted from Filipovich et al. [13]

DLI infusion of donor lymphocytes, GVHD graft-versus-host disease, HSCT hematopoietic stem cell transplantation
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cases [41]. In a retrospective study on allogeneic bone

marrow-transplanted patients who had undergone bone

marrow transplant within the first 100 days, Byun et al.

concluded that facial involvement was more common

among acute GVHD patients than those with drug

hypersensitivity reactions (59 vs. 24%). In addition,

involvement of the face, palms, and soles was even more

frequent in acute GVHD individuals when compared with

patients with drug eruptions (36% vs. no occurrence) [41].

Recently, Kaminska-Winciorek et al. carried out a

prospective study using dermoscopy on cutaneous acute

GVHD and demonstrated a pinkish or reddish background

and well-visible, multiple telangiectasias [49].

Although rarely related to conditioning regimens

applied for allogeneic stem-cell transplants, toxic erythema

induced by chemotherapy may resemble cutaneous acute

GVHD and, likewise, involve palms and soles [48, 50].

However, particular histological findings, such as eccrine

squamous syringometaplasia, when present, can be a clue

for this diagnosis [50].

Involvement of the oral mucosa is unusual in the acute

GVHD setting but may predict severe outcome. In a

15-year study of 2578 recipients of allogeneic HSCT, Ion

et al. documented 82% of oral involvement in patients with

grade III or IV acute GVHD [51]. Lesions were charac-

terized by erythema and ulcerations resembling the

mucositis induced by conditioning regimens and recrude-

scent herpes simplex virus [51]. Other mucous membranes

such as ocular, genital, and nasal can also be affected [52].

Photo-induced rashes have been reported as acute

GVHD isomorphic phenomenon triggered by phototherapy

and sun exposure [53]. However, photosensitivity reactions

are not part of the cutaneous GVHD spectrum of mani-

festations, and photosensitizing drugs should be exten-

sively investigated in these cases. Voriconazole deserves

added attention for being a frequent cause of phototoxicity

reactions in patients undergoing HSCT.

Fig. 1 Acute cutaneous graft-

versus-host disease.

a Maculopapular rash;

b erythroderma

Fig. 2 Acute cutaneous graft-versus-host disease affecting the palms

36 K. S. Rodrigues et al.



Skin biopsies should be performed as routine, as per

European consensus recommendations, but they should

never delay management since early treatment is associated

with improved prognosis [54]. No direct relationship exists

between clinical and histological grading (except in late

stages when epidermal detachment occurs), therefore a

clinical-histopathological correlation is essential. Skin

histology reveals interface dermatitis, vacuolar degenera-

tion of the basal layers, dyskeratosis, and superficial infil-

trate, which are characteristic of, but not specific to, acute

GVHD. The combination of histopathological findings of

GVHD and other entities can be a clue for diagnosis in

atypical presentations mimicking well-known dermatolog-

ical disorders [44–46]. Histopathological grading was

defined by Lerner et al. in 1974 and is currently used

(Table 2) [55].

Such recommendations withstanding, some European

transplant centers advocate that skin biopsies should only

be performed for atypical cases or depending on the clin-

ical course of the disease due to the low sensitivity and

specificity of the histopathological findings [54]. Weaver

and Bergfeld revealed that the presence of eosinophils in

histopathological skin samples does not reliably distinguish

drug hypersensitivity reaction from GVHD. In their con-

cept, a very high number of eosinophils per high-power

fields ([16) is necessary to definitely rule out GVHD

diagnosis [56]. Furthermore, Vassallo et al. reported that

normal-looking skin is not necessarily normal in histology

after allogeneic HSCT, and may resemble GVHD features

in approximately 30% of patients [57].

Once diagnosis is confirmed, rash type and extent,

bilirubin levels, and volume of diarrhea must be evaluated

in order to define overall acute GVHD grade, which has

prognostic significance [58]. The modified Seattle

Glucksberg criteria are recommended for grading acute

GVHD (Table 3) [58].

5.2 Chronic GVHD Clinical Manifestations

Previous acute GVHD is a major risk factor for chronic

GVHD, with the skin being the most commonly affected

organ [1]. Involvement of other sites, such as oral, ocular

and genital mucous, liver, gastrointestinal tract, joints,

fascia, and lungs, can occur alone or concurrently, which

leads to a wide variety of clinical manifestations and a

possible significant negative impact on the patient’s quality

of life [13, 15].

Skin involvement presents with many different non-

sclerotic and sclerotic phenotypes and may simulate well-

known chronic inflammatory and autoimmune diseases

[13, 15]. Nonsclerotic GVHD tends to have earlier onset

and may precede sclerotic forms, although it is not a

mandatory prerequisite. Previous studies have associated

detectable autoantibodies and antinuclear antibody (ANA)

patterns with an increased risk for chronic GVHD, partic-

ularly its severe forms [59]; however, more recent trials do

not corroborate these findings. A cross-sectional study with

206 chronic GVHD patients demonstrated no relationship

between autoantibodies and sclerotic manifestations [60].

No correlation was found between platelet-derived growth

Fig. 3 Acute cutaneous

GVHD. a Blisters; b complete

detachment of the epidermis in

acute GVHD mimicking toxic

epidermal necrolysis. GVHD

graft-versus-host disease
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factor receptor autoantibodies and severity of chronic

GVHD in 39 patients [61]. Kuzmina et al. carried out a

cross-sectional prospective study with 280 chronic GVHD

patients and evidenced no association between a panel of

21 autoantibodies and GVHD activity or severity [62].

Only oral chronic GVHD was significantly associated with

the detection of autoantibodies in this study [62].

A lichen planus-like eruption and poikiloderma (skin

atrophy, pigmentary changes, telangiectasia) are the most

typical eruptions in the nonsclerotic chronic GVHD setting.

Lichenoid manifestation may be clinically undistinguish-

able from the idiopathic lichen planus and, likewise, pre-

sent with erythematous or violaceous flat-topped papules

with surface reticulations and shiny appearance (Fig. 4a–c)

[13]. However, GVHD rash tends to involve sites usually

spared by the idiopathic disease, such as the ears, face,

palms, and soles [63]. Dyshidrosis-like lesions on the

palms are reported (Fig. 5) as well as ocular hyperpig-

mentation, which may be a clinical predicting factor for

extensive sclerotic forms [64]. Involvement of the oral

mucosa can also resemble idiopathic lichen planus and

present with white arboriform lines and erosive manifes-

tations (Fig. 6) [13, 15]. Other oral features include painful

ulcers, mucoceles, mucosal atrophy, pseudomembranes,

and symptoms of sicca syndrome that can interfere with

patient food intake [13, 15].

Less specific papulosquamous lesions are reported and

may mimic well-known dermatological entities, including

psoriasis, pityriasis rosea (Fig. 7) and eczema [65–67].

Jang et al. described a generalized psoriasiform chronic

GVHD rash resulting in secondary vitiligo [67].

Autoimmune diseases are also part of the spectrum of

nonsclerotic chronic GVHD despite the lack of specificity

of identified autoantibodies. In an observational prospec-

tive study of 50 chronic GVHD patients, Ĉeović et al.

evidenced rates of vitiligo and alopecia areata of 8 and

12%, respectively [68]. Lupus erythematous-like, der-

matomyositis-like and epidermolysis bullosa acquisita-like

eruptions have also been reported [69–71].

Hyperpigmentation and hypopigmentation usually rep-

resent post-inflammatory signs instead of active disease

and their occurrence has been associated with an increased

risk of sclerosis [72, 73]. Other nonspecific features include

keratosis pilaris, xerosis, acquired ichthyosis, erythema

multiforme-like eruptions, and exfoliative dermatitis [74].

Although granulomatous diseases are not considered for

chronic GVHD diagnosis according to the 2014 NIH con-

sensus, there are reports in the literature of sarcoidosis with

skin involvement following allogeneic HSCT. Manalo

et al. described a case of cutaneous and pulmonary sar-

coidosis occurring concurrently with lichen sclerosus-like

chronic GVHD [75]. Recently, Kinsella et al. reported a

Table 2 Acute graft-versus-

host disease histopathological

grading

Grade Definition

1 Focal or diffuse vacuolar alteration of basal cells

2 Vacuolar alteration of basal cells; spongiosis and dyskeratosis of epidermal cells

3 Formation of subepidermal cleft in association with dyskeratosis and spongiosis

4 Complete loss of epidermis

Adapted from Lerner et al. [55]

Table 3 Acute graft-versus-host disease staging and grading

Extent of organ involvement

Skin Liver Gut

Stage

1 Rash on\25% of skin Bilirubin 2–3 mg/dl Diarrhea[500 ml/day or persistent nausea

2 Rash on 25–50% of skin Bilirubin 3–6 mg/dl Diarrhea[1000 ml/day

3 Rash on[50% of skin Bilirubin 6–15 mg/dl Diarrhea[1500 ml/day

4 Generalized erythroderma with bullous formation Bilirubin[15 mg/dl Severe abdominal pain with or without ileus

Grade

I Stage 1–2 None None

II Stage 3 Stage 1 Stage 1

III Stage 1–3 Stage 2–3 Stage 2–4

IV Stage 4 Stage 4 –

Adapted from Przepiorka et al. [58]
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case of folliculotropic mycosis fungoides in the post-HSCT

setting, first diagnosed as cutaneous sarcoidosis based on

clinical-histopathological correlation. In this study, skin

eruptions presented as a pruritic lichenoid rash evolving to

erythroderma in association with lymphadenopathy [76].

Sclerotic eruptions are characterized by fibrosis, which

may be superficial and localized, resembling lichen scle-

rosus and morphea, or deep and disseminated, mimicking

systemic scleroderma (Fig. 8a, b). Lichen sclerosus-like

and morphea-like GVHD simulate the idiopathic forms,

although the classic ‘lilac ring’ is not reported in morphea-

like GVHD [13]. Diffuse sclerotic GVHD tends to involve

deeper collagen bundles compared with the idiopathic

scleroderma, and skin stiffening without any other evident

cutaneous lesion may be the first symptom. However,

hyperpigmentation or hypopigmentation of the overlying

skin, as well as concurrent nonsclerotic lesions, are also

Fig. 4 Chronic cutaneous graft-

versus-host disease. a–c Lichen

planus-like lesions

Fig. 5 Dyshidrosis-like lesions in chronic cutaneous graft-versus-

host disease

Fig. 6 White arboriform lines resembling oral lichen planus in

chronic cutaneous graft-versus-host disease
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reported [14]. Vascular proliferations within the areas of

sclerosis resembling Kaposi’s sarcoma have been descri-

bed, particularly on the extremities [77]. Recently, Kaf-

fenberger et al. proposed the term GVHD-associated

angiomatosis due to its specificity for sclerotic-type

chronic GVHD when compared with other fibrosing enti-

ties [77].

Diffuse sclerotic GVHD affects both dermis and sub-

cutaneous tissues, causing adnexal loss, alopecia, and

ulcers (Fig. 9). Deep sclerosis may also lead to limitation

of mouth opening, vaginal stenosis, restricted chest-wall

expansion, and the inability to move or pinch the thickened

skin. Involvement of joints and fascia may worsen the

range of motion and induce contractures with severe dis-

ability [14]. Chronic GVHD manifestations mimicking

eosinophilic fasciitis with cellulite-like appearance due to

subcutaneous septal and fascial fibrosis are considered the

deep variant of the disease by some authors [78]. Unlike

the idiopathic systemic scleroderma, Raynaud phenomenon

and sclerodactyly are unusual [14].

For diagnostic purposes, the NIH recommends that each

clinical manifestation, and, likewise, skin involvement (as

well as nails, hair, and mouth), should be further classified

into four categories: diagnostic features, which establish

the presence of chronic GVHD even without skin biopsies

or additional tests and include poikiloderma, lichen planus-

like, lichen sclerosus-like, morphea-like and deep sclerotic

eruptions; distinctive manifestations, which, alone, are not

sufficient for diagnosis and comprise depigmentation viti-

ligo-like and papulosquamous lesions; other features,

referring to nonspecific, rare, or controversial eruptions,

such as ichthyosis, keratosis pilaris, sweat impairment,

hypopigmentation and hyperpigmentation; and common

manifestations to both acute and chronic GVHD, including

erythema, maculopapular rash and pruritus (Table 4) [15].

The presence of at least one diagnostic manifestation

or one distinctive feature confirmed by biopsy, laboratory

tests, or radiology in the same or another organ is nec-

essary for chronic GVHD diagnosis [13, 15]. Cutaneous

histological findings are similar to the acute disease and

reveal interface dermatitis with vacuolar degeneration and

lymphocyte satellitosis. Lichenoid lesions demonstrate

acanthosis and wedge-shaped hypergranulosis mimicking

the idiopathic lichen planus. Hyperparakeratosis is fre-

quently present and clinically corresponds to desquama-

tion, which is not usually present in idiopathic disease.

Sclerotic eruptions are histologically represented by col-

lagen homogenization (sclerosis) of the dermis and/or

subcutaneous tissues with little or no epidermal involve-

ment. In lichen sclerosus-like GVHD, collagen alteration

is confined to the papillary dermis, and associated atro-

phy, hyperkeratosis, and follicular plugging may occur

[79].

Once diagnosis is confirmed, the severity of the affected

organs should be properly scored according to a 4-point

scale (0–3). The 2014 NIH group recommends that the rash

type and its extent be separately evaluated, and the higher

subscore must be considered for the overall skin score [15].

Skin subscores 1, 2, and 3 correspond to 1–18, 19–50 and

[50% of BSA, respectively. Superficial sclerosis refers to

subscore 2, and deep sclerotic eruptions associated with

impaired mobility or ulcers refers to subscore 3. Since

cutaneous pigmentary changes may represent post-inflam-

matory manifestations instead of active GVHD, they

should not be punctuated [15]. In cases of poikiloderma,

only the erythema should be taken into account in BSA

skin score [15].

According to the NIH, the overall chronic GVHD grade

must be defined as mild, moderate, or severe (Table 5) for

prognostic and management purposes [15]. Other validated

skin-scoring approaches have been reported, such as the

Vienna Skin Score, but their use is more appropriate in the

context of clinical studies [80].

Fig. 7 Chronic cutaneous graft-versus-host disease lesions resem-

bling pityriasis rosea
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6 Treatment

Therapeutic options for GVHD are likely to be determined

by different relevant factors such as disease classification,

overall grading, organs involved, and associated symptoms

[81–84]. The importance of an immunological antitumor

effect, depending on the patient’s underlying disease and

the risk factors involved in GVHD severity, should also be

carefully evaluated [11].

Although phototherapy and extracorporeal photophere-

sis (ECP) are established treatment options where avail-

able, direct sun exposure is thought to induce a GVHD flare

effect and should be avoided by patients undergoing allo-

geneic HSCT [53, 83, 84]. In addition, transplanted

recipients are also at increased risk for cutaneous malig-

nancies, and appropriate clothing and high-protection,

wide-spectrum sunscreen should be strongly recommended

[83, 84].

6.1 Acute GVHD Treatment

6.1.1 First-Line Therapy

For grade I acute GVHD patients, management should

include topical therapies in addition to optimizing systemic

levels of calcineurin inhibitors (CNIs) [82]. Oral antihis-

tamines and moisturizers to relieve itching and prevent skin

breakdown may be necessary [82]. The recommended first-

Fig. 8 Chronic cutaneous graft-

versus-host disease. a Morphea-

like eruption; b localized

sclerotic lesion

Fig. 9 Diffuse sclerosis with ulcer in chronic cutaneous graft-versus-

host disease
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line therapy for isolated stages I and II cutaneous acute

GVHD (overall grade I) is topical steroids of varying

potencies [67]. Special concern should be taken in cases of

long-term or high-potency topical steroids, particularly

when applied on extensive BSAs or under occlusion, due to

an increased risk of local and even systemic side effects.

Topical CNIs are reserved for resistant cases and for sites

where long-term use of topical steroids are contraindicated

(e.g. intertriginous areas, face, and lips) [82, 85]. Skin-

burning sensation is a common complaint with the use of

CNIs and may initially be associated with topical steroids

to improve tolerability. Systemic absorption with topical

tacrolimus has been reported and special precaution is

warranted in patients concurrently receiving the drug sys-

temically [86].

In cases of grade II–IV acute GVHD, patients ought to

have CNI levels optimized and are likely to benefit from

other systemic immunosuppressive therapy [82]. Corti-

costeroids are the standard first-line agent, particularly

methylprednisolone at an initial dose of 2 mg/kg/day

intravenously [82]. Rashidi et al. carried out a systematic

review and meta-analysis of randomized trials and con-

cluded that standard treatment is better in terms of overall

survival and response rates when compared with higher

doses of systemic steroids or combined regimens of ster-

oids and antithymocyte globulin (ATG), infliximab, an

Table 4 National Institutes of Health recommended classification of clinical manifestations in chronic graft-versus-host disease

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 Common (seen with

both acute and

chronic GVHD)

Skin Poikiloderma Depigmentation Sweat impairment Erythema

Lichen planus-like features Papulosquamous lesions Ichthyosis Maculopapular rash

Sclerotic features Keratosis pilaris Pruritus

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

Thinning scalp hair, typically patchy,

coarse or dull (not explained by

endocrine or other causes)

Premature gray hair

Mouth Lichen planus-like changes Xerostomia Gingivitis

Mucoceles Mucositis

Mucosal atrophy Erythema

Ulcers Pain

Pseudomembranes

Adapted from Jagasia et al. [15]

GVHD graft-versus-host disease

Table 5 Overall chronic graft-versus-host disease grade according to

the National Institutes of Health

Mild chronic GVHD

1 or 2 organs involved, with a score of no more than 1 PLUS

Lung score 0

Moderate chronic GVHD

3 or more organs involved, with a score of no more than 1

OR

Lung score 1

Severe chronic GVHD

At least 1 organ with a score of 3

OR

Lung score of 2 or 3

GVHD graft-versus-host disease

Adapted from Jagasia et al. [15]
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anti-IL-2 receptor antibody (daclizumab and BT563), a

CD-5-specific immunotoxin, or mycophenolate mofetil

[87]. An initial dose of 1 mg/kg/day for less severe forms

(grade II GVHD) is associated with decreased toxicity

without compromising therapy response or mortality rates,

and should therefore be attempted [88]. Topical treatments

follow grade I GVHD recommendations and may facilitate

steroid dose tapering and withdrawal.

Most centers consider steroid-refractory patients as

those who have progressive symptoms after 3 days or do

not respond to 5–7 days of intravenous methylprednisolone

2 mg/kg in conjunction with CNIs [82]. Despite being the

standard therapy, the response rate to systemic steroids in

acute GVHD is limited to 30–40%, and steroid-refractory

patients are at an increased risk of transplantation related-

mortality [89, 90].

6.1.2 Second-Line Therapy

Since no superiority of one second-line agent over another

has been proven to date, the choice is often made according

to their availability, costs, physician’s experience, and side-

effect profile.

ECP is an attractive, well-tolerated immunomodulatory

therapy that usually spares generalized immunosuppression

and has not been associated with increased infections or

immunosuppression [91]. Treatment consists of exposure

of the peripheral blood mononuclear cells collected by

apheresis to the photosensitizing compound 8-methoxyp-

soralen, and ultraviolet (UV) A radiation, which cause

cross-linking of DNA in cell nuclei, inducing apoptosis.

Apoptotic cells are re-infused to the patient and are thought

to promote immune tolerance by modulating cytokine

production and inducing T-regulatory cells. However,

recently, Denney et al. did not show a correlation between

T-regulatory cells and clinical improvement post-ECP

treatment, suggesting that other mechanisms may also play

a role in the responsiveness to ECP [92]. Greinix et al.

carried out a prospective phase II study of steroid-refrac-

tory grade II–IV acute GVHD patients treated with ECP

and demonstrated complete responses in 82% of those with

skin involvement [93]. In a phase II randomized trial

comparing steroids alone with steroids plus ECP as first-

line therapy for grade II–IV acute GVHD patients, Alousi

et al. showed higher response rates in the ECP arm, in

addition to a faster reduction in steroid dosage. They also

demonstrated ECP to be more beneficial for cutaneous

GVHD (72 vs. 57% response rates) compared with the

involvement of other organs (47 vs. 43%) [94].

Mycophenolate mofetil exerts selective antiproliferative

effects on lymphocytes by acting as a reversible inhibitor

of inosine monophosphate dehydrogenase. Inagaki et al.

reported a 79% complete response rate for children with

steroid-refractory acute GVHD treated with mycophenolate

mofetil [95], while Hattori et al. evidenced better responses

to mycophenolate mofetil in patients with skin steroid-re-

fractory acute GVHD compared with those with only liver,

only gut, skin and liver, or skin and gut involvement [96].

TNF antagonists (infliximab, etanercept) are mainly

used for acute steroid-refractory GVHD with gastroin-

testinal tract involvement [97]. However, in a small retro-

spective study, Nogueira et al. evidenced all cutaneous

steroid-refractory acute GVHD patients responding to

infliximab [98]. High rates of severe infections were

demonstrated and were confirmed by further studies

[97–99].

The use of antibodies against IL-2 receptors has been

reported for steroid-refractory acute GVHD patients, with

variable response rates in the literature. In a recent single-

center study with 64 patients, Tao et al. demonstrated

complete and partial responses in 58 and 25%, respec-

tively, of steroid-refractory acute GVHD individuals trea-

ted with daclizumab [100].

ATG has been used as a second-line agent in acute

GVHD, mainly due to its T-lymphocyte depletion activity.

MacMillan et al. carried out a retrospective study of 79

patients treated with equine ATG for steroid-refractory

acute GVHD and revealed better response rates for skin

involvement, in addition to 20 and 34% complete and

partial response rates, respectively [101]. Recently, Nishi-

moto et al. reported efficacy of very-low-dose rabbit ATG

therapy for acute steroid-refractory GVHD in a single-

center analysis [102].

When only the skin is involved, phototherapy modalities

have been shown to be beneficial for steroid-refractory and

steroid-dependent acute GVHD patients [103–106]. The

immunomodulating effects of UV irradiation may allow for

reduction of systemic immunosuppressive agents, conse-

quently minimizing its side effects [103–106]. On the other

hand, the increased risk for skin malignancies due to

cyclosporin therapy, in addition to other immunosuppres-

sive agents related to HSCT, should be considered.

Since UVA-1 and UVB-based phototherapy do not

require oral psoralen and are less associated with skin

cancer compared with psoralen plus ultraviolet A (PUVA),

they should be prioritized for the treatment of acute

GVHD. If available, UVA-1 therapy is the modality of

choice in these cases as the target structure is the inflam-

matory infiltrate in the upper dermis. Schlaak et al. retro-

spectively evaluated 70 acute GVHD patients treated with

UVA-1 therapy and evidenced 70 and 24.3% complete and

partial response rates, respectively [103]. Furthermore,

Feldstein et al. reported 57% complete response rates and

21% partial response rates in steroid-refractory and steroid-

dependent cutaneous acute GVHD patients, respectively,

treated with narrowband UVB [104]. Using flow
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cytometry, Ivama et al. demonstrated that NB-UVB ther-

apy induces expansion of regulatory T cells in the

peripheral blood of patients [105].

6.2 Chronic GVHD Treatment

6.2.1 Skin-Direct Therapy

For mild chronic GVHD, topical therapies to relieve

symptoms are usually prioritized, mainly if a GVL effect is

sought [107]. Systemic steroids alone may be considered if

the organs involved, such as the liver and fascia, are not

reached by topical agents, or in the setting of thrombocy-

topenia or direct progression from acute GVHD, which is

related to worse outcome [60, 107].

For cutaneous chronic GVHD, several skin-direct ther-

apies are available and may be indicated as monotherapy or

as adjuvant treatment for more severe cases in order to

allow faster tapering and withdrawal of systemic

immunosuppression by improving local responses

[81, 84, 107–112].

For intact skin, lubrication is helpful in relieving itching

and preventing skin breakdown. Moisturizers containing

urea and glycerol are very effective for skin hydration but

may not be well-tolerated [84]. Despite the lack of ran-

domized trials regarding the use of topical steroids, they

are the mainstay of therapy for mild chronic GVHD with

skin involvement [81, 84, 108]. From the neck down, mid-

strength, potent, or very potent topical steroids should be

prescribed twice daily for both lichenoid and scleroder-

moid eruptions. Lower potency steroids are preferred for

the face, axillae, and groin due to the risk of skin atrophy

and striae [112]. The evidence for topical CNIs is sup-

ported by case reports and case series, and they are of

special relevance in areas where high-potency topical

steroids should be avoided, such as the face and intertrig-

inous areas, and for steroid-dependent individuals [113].

Choi and Nghiem reported that tacrolimus ointment 0.1%

was effective in treating itching and erythema in 13 of 18

patients (72%) with chronic GVHD [114]. Although topi-

cal CNIs as monotherapy are usually reserved for mild

chronic GVHD, Ziemer et al. reported successful treatment

with topical pimecrolimus alone in an infant with extensive

chronic GVHD [115].

For nonintact skin, tissue cultures and other methods for

ruling out infectious causes or other differential diagnosis

should be performed when indicated. Wound care follows

the same recommendations for patients without chronic

GVHD [84].

When an extensive BSA is involved, ointments may not

be feasible and phototherapy may be a good option, both as

monotherapy or adjuvant treatment for cutaneous steroid-

refractory and steroid-dependent patients [107–112].

Grundmann-Kollmann et al. reported on a steroid-refrac-

tory chronic sclerodermoid patient successfully treated

with UVA-1 in combination with mycophenolate mofetil

[110]. In a retrospective study of 16 cutaneous chronic

GVHD patients treated with PUVA or UVB narrowband,

Ballester-Sánchez et al. evidenced nine and seven patients

achieving complete and partial response rates, respectively

[111].

Regarding the oral mucosa, high-potency steroid

preparations are the mainstay of topical therapy [84, 116].

Solutions are usually prioritized for diffuse involvement,

whereas creams, ointments, and gels are preferred for

localized lesions [84]. In a randomized, double-blind

clinical trial, Noce et al. concluded that topical clobetasol

was significantly more effective than topical dexametha-

sone for symptomatic oral chronic GVHD [116]. Intrale-

sional injections of triamcinolone steroids may be helpful

for ulcerative disease, and topical analgesia may be

required when painful lesions interfere with patient food

intake [84]. Topical tacrolimus is of particular relevance in

chronic cases due to its steroid-sparing effects [84, 117].

Successful treatments with phototherapy were also reported

in the literature for oral involvement [117, 118].

6.2.2 Systemic Therapy

For moderate and severe chronic GVHD, standard first-line

therapy is 1 mg/kg day of prednisone alone or in combi-

nation with a CNI, which is particularly important in severe

cases due to its steroid-sparing effect [107]. Steroid dose

must be maintained for 2 weeks and then reduced to 1 mg/

kg on alternate days over a period of 6–8 weeks. The dose

may then be tapered by 10–20% monthly, or sustained for 2

or 3 months, depending on the clinical response [119].

Although corticosteroids are established as the mainstay

therapy, Solomon et al., in a prospective phase II trial,

showed 88% response rates for chronic GVHD patients

initially treated with a combination of rituximab,

mycophenolate mofetil, and either tacrolimus or sirolimus

[120]. For sclerodermatous GVHD, or in cases with fascia

involvement, physiotherapy must be considered as adju-

vant therapy [108, 112].

To date, limited evidence exists supporting the use of

second-line agents for steroid-refractory and steroid-de-

pendent patients, and no consensus has been reached in the

recommendation for the best option in these cases.

ECP has been widely used as second-line therapy for

mucocutaneous chronic GVHD, particularly for sclerotic

lesions, with high response rates in the literature (60–80%).

The best evidence is supported by Flowers et al. in a

multicenter, phase II, randomized study that demonstrated

a significant steroid-sparing effect. No statistically signifi-

cant improvement in the total skin score at week 12 was
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observed, likely due to the short duration of treatment;

however, unblinded investigators evidenced significant

higher response rates (both complete and partial) in the

ECP arm compared with the control group [121]. In a

crossover, randomized study, Greinix et al. showed pro-

gressive improvement in cutaneous and extracutaneous

chronic GVHD after a 24-week course of ECP, supporting

previous evidence suggesting that prolonged ECP may be

necessary for optimal therapeutic effects [122].

Mycophenolate mofetil has also been successfully used

for steroid-refractory chronic GVHD patients. Iida et al.

evidenced that 69.1 and 75.9% of chronic GVHD patients

treated with mycophenolate mofetil improved symptoms

and reduced the dosage of other immunosuppressants,

respectively [123], while Baudard et al. reported 9 of 13

cutaneous chronic GVHD patients responded to

mycophenolate mofetil, with no difference between liche-

noid or sclerodermatous lesions [124].

Imatinib mesylate is an inhibitor of several tyrosine

kinases and has recently been reported to be used for the

treatment of steroid-refractory sclerotic chronic GVHD due

to its inhibitory activity against platelet-derived growth

factor. Baird et al. performed an open-label, pilot, phase II

trial of imatinib in children and adults with steroid-re-

fractory sclerotic GVHD and showed that 79% of patients

experienced improvement in their range of motion [125].

Rituximab is an anti-CD20 monoclonal antibody that

has also shown beneficial effects in the treatment of ster-

oid-refractory sclerotic cutaneous chronic GVHD since B

cells have been implicated in its pathophysiology. In 2006,

Cutler et al. designed a phase I/II study with rituximab for

steroid-refractory chronic GVHD patients with cutaneous

and musculoskeletal manifestations, and reported a 70%

response rate [126]. In a prospective, multicenter, ran-

domized, phase II, crossover trial, Arai et al. recently

compared imatinib and rituximab for cutaneous sclerotic

GVHD, and concluded that both agents had similar results

and low clinical response rates after 6 months (26 and

27%, respectively) [127].

Rapamycin is an inhibitor of the mammalian target of

rapamycin kinase that acts as a potent immunosuppressive

drug which increases regulatory T cells. Couriel et al.

carried out a phase II trial of sirolimus in combination with

tacrolimus for steroid-refractory chronic GVHD patients

and demonstrated a 65% response rate for cutaneous

involvement [128].

Low doses of methotrexate exert an anti-inflammatory

effect and it has been shown to be efficacious for chronic

GVHD, particularly for skin or sole organ involvement.

Wang et al. reported a 90% response rate for cutaneous

chronic GVHD patients treated with low-dose methotrexate

as first-line therapy in combination with other immuno-

suppressive agents [129].

6.3 Cutting-Edge Therapy

Recent progress in our understanding of GVHD patho-

physiology has led to the identification of new therapeutic

targets with the potential to significantly impact disease

treatment outcomes. Possible synergistic effects of com-

bining some of these drugs with ECP are presently being

explored but are not documented in any extensive manner.

Ibrutinib acts as an irreversible inhibitor of both Bru-

ton’s tyrosine kinase and IL-2-inducible kinase (ITK),

enzymes responsible for the phosphorylation and activation

of downstream effectors in the B- and T-cell receptor

signaling pathways, respectively. The drug is usually used

for the treatment of relapsed chronic lymphocytic leukemia

(CLL) in the post-HSCT setting [130]. Ryan et al. reported

that ibrutinib is related to, and increased, GVL effect by

enhancing donor Th1 cell-mediated effects, without caus-

ing GVHD due to depletion of pre-germinal B and Th2

cells [130]. These authors evidenced that none of the 27

CLL patients treated with ibrutinib developed GVHD, and

one patient with mucocutaneous chronic GVHD improved

symptoms during therapy [130]. Schutt et al. showed that

ibrutinib was effective in preventing chronic GVHD, with

minimal toxicity in mouse models [131], while Dubovsky

et al. demonstrated ibrutinib to be remarkably effective in

treating both sclerodermatous and nonsclerodermatous

features in murine models [132].

Janus kinase (JAK) inhibitors represent a class of

immunosuppressive agents, including ruxolitinib (JAK 1/2

inhibitor) and tofacitinib (JAK 3 inhibitor), that act by

inhibiting the signal transduction and activation of tran-

scription (STAT) pathway, which is essential for the

downstream of growth factors and inflammatory cytokines.

Spoerl et al. demonstrated that ruxolitinib could potently

reduce proinflammatory cytokine production, T-cell

expansion, and differentiation into Th17 subsets, in addi-

tion to increasing FoxP3 regulatory cells in mice models

[133]. These authors also reported a potent reduction of

GVHD symptoms and serum cytokines in six patients with

acute and chronic steroid-refractory GVHD [133]. Maffini

et al. described a patient with steroid-refractory grade IV

acute GVHD treated with ruxolitinib with complete reso-

lution of symptoms [134]. Additionally, Zeiser et al. car-

ried out a retrospective multicenter survey with 95 GVHD

steroid-refractory patients treated with ruxolitinib, and

showed overall and complete response rates of 81.5 and

46.3%, respectively, for acute GVHD, and 85.4 and 7.3%,

respectively, for chronic GVHD [135]. Okiyama et al.

suggested that tofacitinib may be a therapeutic option for

mucocutaneous GVHD by demonstrating that the drug

could reduce expansion and activation of T CD8? cells in

addition to inhibition of the expression of IFNc-inducible
chemoattractants by keratinocytes in murine models [136].
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Histone deacetylase inhibitors act by enhancing the

expression of indoleamine 2,3 dioxygenase in a STAT3-

dependent manner, which consequently suppress the

function of APCs, T-regulatory cells, and natural killer

cells. Choi et al. conducted a single-arm, phase I/II study

and demonstrated a lower incidence of grade II–IV acute

GVHD 100 days after HSCT (22%), compared with the

literature, by including vorinostat as a prophylactic agent

for patients undergoing related donor-reduced intensity

conditioning regimen allogeneic HSCT [137].

7 Conclusion

The management of both chronic and acute GVHD is

indeed a complex task requiring a high degree of inter-

disciplinary coordination. Since the cutaneous manifesta-

tions of GVHD are at the forefront of its presentation the

treating dermatologist must be thoroughly familiar with

these manifestations and the most appropriate available

therapeutic approaches.
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108. Marks C, Stadler M, Häusermann P, Wolff D, Buchholz S, Stary

G, et al. German–Austria–Swiss Consensus Conference on

clinical practice in chronic graft-versus-host disease (GVHD):

guidance for supportive therapy of chronic cutaneous and

musculoskeletal GVHD. Br J Dermatol. 2011;165(1):18–29.

109. Lazzeri L, Tripo L, Pescitelli L, Ricceri F, Prignano F. A

pediatric case of sclerodermatous graft-versus-host disease

responsive to ultraviolet al phototherapy. Pediatr Dermatol.

2016;33(9):e99–102.

110. Grundmann-Kollmann M, Behrens S, Gruss C, Gottlöber P, Peter
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