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KEYWORDS Abstract Graft-vs-host disease (GVHD) is a multisystem disease that arises as a complication
Cutaneous of allogeneic hematopoietic stem cell transplant. It is due to recognition of the recipient’s
graft-versus-host tissues by immune cells from the donor. The skin and mucous membranes are the organs most
disease; commonly affected. GVHD is classified as acute or chronic depending on the pathophysiology
Hematopoietic stem and clinical presentation. Acute GVHD typically presents with the triad of rash, diarrhea, and
cell transplant; hyperbilirubinemia, and treatment is based on systemic corticosteroid and immunosuppressant
Dermopathology therapy. The cutaneous manifestations of chronic GVHD are divided into sclerodermiform and

nonsclerodermiform, and the mucous membranes and skin appendages may also be affected.
The diagnosis is mainly clinical, but skin biopsy can help in doubtful cases. Treatment can be
topical, systemic, or physical, depending on the size, site, and depth of the lesions and the
involvement of other organs.
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PALABRAS CLAVE Aproximacion a la enfermedad injerto contra huésped cutanea

Enfermedad injerto

contra huésped Resumen La enfermedad injerto contra huésped (EICH) es una enfermedad multisistémica
cutanea; que aparece como complicacion de un trasplante de progenitores hematopoyéticos alogénico.
Trasplante de Se basa en el reconocimiento de tejidos del receptor por parte de la inmunidad heredada del
progenitores donante. La piel y las mucosas son los érganos mas frecuentemente afectados. Se clasifica en
hematopoyéticos; aguda y crénica, en funcion de su fisiopatologia y presentacion clinica. La forma aguda se mani-
Dermatopatologia fiesta tipicamente con la triada de exantema, diarrea e hiperbilirrubinemia, y el tratamiento se

basa en el uso de corticoides e inmunosupresores sistémicos. Las manifestaciones cutaneas de la
forma cronica se dividen en esclerodermiformes y no esclerodermiformes. Puede afectar tam-
bién a mucosas y faneras. El diagnodstico es fundamentalmente clinico, aunque en casos dudosos
la biopsia cutanea puede ayudar a confirmarlo. El tratamiento puede ser topico, sistémico o
fisico, en funcion de la extension, localizacion, profundidad de las lesiones y afectacion de
otros 6rganos.
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Graft-vs-host disease (GVHD) is a multisystem complica-
tion of allogeneic hematopoietic stem cell transplantation
(HSCT), which is the only curative treatment for certain
blood diseases. HSCT replaces a patient’s ineffective stem
cells with a healthy donor’s effective ones, derived from
bone marrow, peripheral blood, or umbilical cord blood.’
In spite of measures to prevent HSCT from developing, the
incidence of this complication remains high." Any organ can
be affected, but the skin and mucous membranes are most
often involved (in 20% to 70% of cases). Cutaneous lesions
are also the most quickly noticed and easiest biopsied.

GVHD contributes in great measure to the morbidity
and mortality associated with allogeneic HSCT. If the blood
tumors that motivated HSCT recur, the most frequent cause
of death is this complication, which continues to be the main
obstacle to more widespread use of a cell replacement pro-
cedure that offers the only curative treatment for a variety
of diseases of the blood and other organs.'

GVHD develops when the donor’s immune cells recognize
the recipient’s tissues as foreign as a result of interac-
tion between the recipient’s antigen-presenting cells and
the donor’s mature T-cells," leading to immune dysregula-
tion that triggers inflammation and the destruction of the
recipient’s cells. This alloimmune and autoimmune disorder
results in an immunodeficient state that affects both qual-
ity of life and survival.?* Although the phenomenon of GVHD
has negative consequences for the patient, there is also a
beneficial effect for patients with blood tumors given that
primary tumor cells are targeted as well as healthy tissues
(the concept of antitumor vigilance).* For this reason, when
treating GVHD a balance is sought. The goal is to control
the phenomenon but not abolish it completely so that the
potent antitumor effect is preserved.

GVHD is classified as either acute or chronic, tradition-
ally distinguished by a cutoff of 100 days after HSCT. Today,
however, they are defined by pathophysiological mecha-
nisms and clinical presentation® (Table 1). The inflammatory

GVHD Classification.

Types Time Elapsed
Since HSCT
Acute GVHD
Classic <100d
Persistent, recurrent, or late-onset >100 d

Chronic GVHD

Classic No time limits
Lichenoid Earlier
Sclerodermoid Later

Overlap syndrome

Adapted from Filopovich et al.’

Acute GVHD: rash, Gl and liver
involvement

Chronic GVHD: skin, eye, mouth,
Gl, liver, lung and musculoskeletal
involvement

Alloreactivity »
Autoimmunity

Immunodeficiency

v

v

Classic acute Late-onset acute
Overtap_syndrome

Classic chronic

Day 0 50 100 180 1a 2a 3a 5a

>

>
Inflammatory Fibrotic
activity Lesion Repair damage

Schematic depiction of the courses of acute and
chronic GVHD. GVHD refers to graft-vs-host disease; Gl, gas-
trointestinal. Adapted from http://ccr.cancer.gov/resources/
gvhd/about.asp.

changes that predominate in the initial phases are mainly
due to a reaction to the graft. Autoimmune reactions and
immunodeficiency develop in later phases, and over time the
reparative process leads to fibrotic tissue damage (Fig. 1).
Although inflammation and repair are dynamic and overlap-
ping processes, patients do not necessarily present signs of
both and they are not explained by the same pathophysio-
logical mechanisms. Therefore, the 2 processes are studied
separately.

Acute GVHD is described by a 3-phase model consisting of
1) a conditioning regimen involving damage to keratinocytes
in a proinflammatory environment, 2) induction of antigens
against the donor’s T cells by the host’s dendritic cells, fol-
lowed by activation of the donor-derived T cells, and 3)
activation of a type-1 helper T cell (TH1) response that leads
to necrosis of keratinocytes.®

The pathophysiology of chronic GVHD involves both allo-
geneic and autoimmune reactions. Once the thymus is
damaged in the conditioning regime and/or by acute GVHD,
the organism’s tolerance of its own cells is impaired. In
the complex response that develops, CD4* and CD8* T
cells, regulatory T cells, and B cells participate in produc-
ing autoantibodies. TH1, TH2 and TH17 responses produce

Signs and Symptoms
of Acute GVHD?

Signs and Symptoms
of Chronic GVHD?

Yes No
Yes No
No Yes
Yes Yes

Abbreviations: GVHD, graft-vs-host disease; HSCT, hematopoietic stem cell transplant

@ Maculopapular rash, diarrhea, or cholestatic hepatitis
b Multiple organs (fibrosis).
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proinflammatory cytokines that cause fibrosis and organ
failure.”® High rates of elevated autoantibody titers (of
antinuclear antibodies, antibodies to double-stranded DNA,
and anti-smooth muscle antibodies) have been observed in
patients with chronic GVHD, and although this finding is
unrelated to specific organ involvement, it has been associ-
ated with higher risk for extensive, sclerotic chronic GVHD
in some studies. 02

Acute Graft-vs-Host Disease

The patient’s environment must be studied during the first
stage after HSCT to guide diagnosis and treatment. In
the 100 days after a transplant, the patient undergoes
intense, induced immunosuppression. The immune system
is gradually reconstituted in a process regulated by vari-
ous hematopoietic cell series once the graft takes root. The
patient is also given multiple myeloablative, immunosupp-
ressant, and antiinfective agents. Infectious complications
and drug-related adverse reactions are frequent.

The most important risk factors for acute GVHD are HLA
disparity, advanced donor or recipient age, donor alloimmu-
nization (prior transfusions, pregnancy), use of peripheral
blood as the source of progenitor hematopoietic cells, and
the number of T cells in the graft.°

Symptoms, Staging, and Classification

Although GVHD is a multisystem disease, the skin and
mucosal tissues are the most commonly affected organs.
Cutaneous signs and symptoms typically develop early;

therefore, they often hold the key to diagnosis. Liver and
intestinal involvement is the second most common source of
signs. Thus, skin rash, elevated bilirubin levels, and diarrhea
form the characteristic clinical triad."

Skin symptoms may present as the dysesthesia, itching,
erythema, or edema that develop into a progressive morbil-
liform or generalized folliculotropic rash that is found mainly
on the trunk, spreads centrifugally, and becomes confluent.
A rash on the palms, soles and skin behind the ear is typi-
cal (Fig. 2). In severe eruptions, blisters (dermal-epidermal
detachment) may form. Also typical is oral, genital, nasal,
or ocular mucositis.

GVHD is staged (0 to 4) according to signs and symptoms
and the percentage of body surface area (BSA) involved."
Liver involvement is also staged from 0 to 4 according to
blood and intestinal bilirubin levels and the severity of diar-
rhea.

Acute GVHD is considered classic if onset occurs within
100 days of HSCT, persistent if it lasts beyond 100 days,
recurrent if it resolves but reappears after 100 days, and
late-onset if symptoms start after 100 days (Table 1 and
Fig. 1).°

Diagnosis and Differential Diagnosis

The diagnosis of acute GVHD is based on clinical evidence
of the characteristic triad (skin rash, elevated bilirubin lev-
els, and diarrhea), although all organs are not necessarily
involved.

In the early phase following HSCT, other common
complications that also present with rash must be con-
sidered. Adverse drug reactions affecting the skin and

Figure 2

Signs and symptoms of acute graft-vs-host disease. A, Confluent, foliculotropic macular rash on the trunk. B, Eruption
behind the ear. C, Close view of the rash. D, Palmar involvement.
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infectious rashes (often viral) must be included in the
differential diagnosis.' Palmar-plantar erythrodysesthesia,
syringometaplasia, and toxic epidermal necrolysis are rel-
atively common toxic drug reactions in these patients
and must be distinguished from GVHD. When viral rashes
develop after HSCT, the usual culprits are reactivated
cytomegalovirus, Epstein-Barr virus, herpes simplex virus
types 1 and 2, varicella zoster virus, and human herpesvirus
types 6, 7 and 8.

The diagnosing physician should bear in mind the clinical
context and timing of lesion appearance, drugs taken and
other systemic manifestations. Nevertheless, differentiating
these processes is often dauntingly difficult.

Histopathology and Pathologic Staging

Histopathologic evaluation of a skin biopsy can aid the diag-
nosis of acute GVHD, but there is no specific finding that
confirms the diagnosis.'> It is helpful to include hair fol-
licles in the biopsy. Characteristic findings are vacuolar
interface dermatitis with necrotic keratinocytes surrounded
by lymphocytes (Fig. 3). When the condition is advanced,
dermal-epidermal detachment and subepidermal blisters
can be seen.

Histopathologic observations are graded from 0 to 4
(similarly to clinical signs) according to the degree of
dermal-epidermal involvement.'®

The same obstacles are encountered in histologic diag-
nosis as in clinical diagnosis: essentially acute GVHD must
be distinguished from toxic drug reactions and infectious

rashes. Certain histopathologic features can be helpful.
Whether or not eosinophil counts are useful for differ-
ential diagnosis is controversial.”>'” A finding of adnexal
involvement would favor a diagnosis of GVHD, whereas
the presence of spongiosis, a dense inflammatory infiltrate,
and extravasation of blood would point to a drug reaction.
Enzyme-linked immunosorbent assay findings have demon-
strated elafin overexpression throughout the epidermis,'®
and this biomarker might therefore prove useful for the
differential diagnosis of drug reactions, in which only the
granular layer would stain.

Chronic GVHD

The onset of chronic GVHD occurs once the first phase (the
100 days after HSCT) is over. The mean lag period is between
4 and 6 months." In the later phase, immunosuppression is
less marked but still present as a result of both immuno-
suppressants and the effects of HSCT itself. Patients are
also being exposed to several drugs, whose side effects may
appear immediately or with the passing of time.

The risk factors for developing chronic GVHD are as fol-
lows: earlier acute GVHD, advanced donor or recipient age,
a female recipient of a graft from a male donor, an unrelated
donor or HLA disparity, use of progenitor hematopoietic cells
derived from peripheral blood (which confer greater risk
than cells from bone marrow, which in turn confer greater
risk than cells from umbilical cord blood), a diagnosis of
chronic myeloid leukemia, and infusion of white blood cells
from the donor.®

Figure 3  Histopathology of cutaneous GVHD.

A and B, Acute GVHD. Hematoxylin and eosin (H&E), original magnification x 200 and H&E, original magnification x 400, respectively.
Interface dermatitis with necrotic keratinocytes surrounded by lymphocytes (lymphocyte satellitosis). C and D, Chronic GVHD. H&E,
original magnification x 100 and H&E, original magnification x 200. Interface dermatitis with dermal-epidermal detachment and

follicular involvement.
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Factors related to poor prognosis are as follows: pro-
gressive onset, involvement of more than 50% of the BSA
at diagnosis, thrombocytopenia (platelet count< 100000
cells/pL), lung involvement (bronchiolitis), and multiple
organ involvement.?’

It is important to mention that strategies for lowering the
incidence of acute GVHD have not affected the incidence of
the chronic form.?’

Symptoms, Staging, and Classification

Chronic GVHD can appear as an extension of acute GVHD
(the progressive chronic form), or it can follow a disease-
free period (the quiescent form) or develop without prior
GVHD signs (the de novo form).23

The classic presentation (with the distinctive signs and
symptoms of chronic GVHD but with no limits on timing)
is distinguished from overlap syndrome (where acute and
chronic signs and symptoms are both present).®

Chronic GVHD is a multisystem disease that can affect any
organ, either one or several at a time. The involvement of
the skin and oral mucosa is most common.?? Other affected
organs in decreasing order of frequency are the liver, the
eyes (dry-eye syndrome), the intestines, and the lungs.

Cutaneous signs and symptoms affecting skin, mucosal
tissue, or adnexa can vary greatly. Sclerodermiform and non-
sclerodermiform manifestations are distinguished.?*** The
first type comprises (from superficial to deeper signs) lichen
sclerosus et atrophicus, morphea, and fasciitis. The second
includes lichen planus, poikiloderma, and keratosis pilaris.
Other less common clinical presentations are panniculitis,
changes in pigmentation and sweating, erythema, rash,
pruritus, ulceration, vitiligo and alopecia areata, among
others? (Fig. 4). Lichenoid lesions tend to appear earlier
and may evolve into sclerotic lesions, although not all such
lesions have a lichenoid derivation, nor do all lichenoids
evolve in this way." It is not unusual for lesions to appear
on skin previously damaged by burns, radiotherapy, or her-
pes infection (isotopic response) or where there has been
repeated trauma (isomorphic response).?

Although nail involvement is of relatively little impor-
tance, it affects half of patients with chronic GVHD.
Manifestations might take the form of nail dystrophy, thick-
ening, thinning onycholysis, vertical striae, or pterygium.
Similarly, the scalp is often involved, through alopecia
(scarring or nonscarring), although the root causes are usu-
ally multiple (e.g., chemotherapy, radiotherapy, hormone
changes, deficits, GVHD).??

Figure 4

Signs of chronic cutaneous and mucosal graft-vs-host disease.
A, Poikiloderma. B, Nongenital lichen sclerosus et atrophicus. C, Lichenoid eruption. D, Morphea. E, Fasciitis. F, Keratosis pilaris.
G, Oral lichen planus. H, Oral erosion and ulcers. |, Hyperkeratosis and fissures.
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Signs and Symptoms of Chronic GVHD.

Diagnostic Features

Distinctive Features

Features Common to
Both Acute and
Chronic GVHD

Other Features

Skin Poikiloderma Depigmentation Changes in Erythema
Lichen planus-like features sweating Maculopapular rash
Sclerotic changes Pruritus
Morphea
Lichen sclerosus
Mouth Lichen planus Xerostomia Gingivitis
Hyperkeratosis Mucoceles Mucositis
Sclerosis Mucosal atrophy Erythema
Pseudomembranes Pain
Ulcers
Genitalia Lichen planus Erosions
Vaginal stenosis Fissures
Ulcers
Nails Dystrophic nails
Brittle nails, striations
Onycholysis
Pterygium
Nail loss
Scalp Alopecia Fine, uneven or

Papulosquamous

lesions

Oral mucosa may be affected by oral lichen planus,
hyperkeratosis, sclerosis, xerostomia, mucocele, mucosal
atrophy, pseudomembranes, and ulcers, among other
conditions?® (Fig. 4).

Genital mucosal involvement is less common and the
patient does not usually ask about it spontaneously. Direct
questioning and a complete physical examination is there-
fore required to rule out this manifestation, which is often
an obstacle for sexual relations. Genital lichen planus, vagi-
nal stenosis, erosions, fissures, or ulcers may be present.?

Table 2 lists the cutaneous and mucosal signs and symp-
toms of chronic cutaneous GVHD.

Chronic GVHD is graded in order to indicate severity
and evaluate response to treatment. Grading systems are

US NIH Grading System for Chronic GVHD.

dull hair
Early graying

available for specific organs or to evaluate GVHD glob-
ally according to type and number of organs involved
and severity. The most widely used system in clini-
cal practice, because assessment is rapid and simple, is
that of the US National Institutes of Health (NIH).26-%
A severity level of 0 to 3 assigned for each affected
organ takes into consideration the impact on func-
tion. Table 3 shows the NIH grading system for the
skin and oral and genital mucosa. Other more complex
scales are available for use in clinical trials, although
comparative studies have not demonstrated they are
superior to the NIH’s for determining disease activity,
the physician and patient’s perception, or relation to
survival.??30

No signs or symptoms
Mild symptoms, not significantly

Moderate symptoms with partial

Score Skin Mouth
0
1 Skin signs on < 18% of the BSA,
without sclerosis limiting oral intake
2 Skin signs on 19% to 50% of the
BSA, with superficial sclerosis limitation of oral intake
3 Skin signs on > 50% of the BSA Severe symptoms with major

Deep sclerosis
Impaired mobility, ulceration,
or severe itching

limitation of oral intake

Genital tract

Mild symptoms with no impact on
sexual function

Moderate signs, with discomfort on
examination

Advanced signs (vaginal stenosis,
labial agglutination, severe ulcers)
and severe pain during coitus

Abbreviations: BSA, body surface area; GVHD, graft-vs-host disease; NIH, National Institutes of Health.
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The signs and symptoms of chronic GVHD are classified by
type as follows®':

- Diagnostic: sufficient to establish a diagnosis of chronic
GVHD without resort to other tests

- Distinctive: insufficient alone for establishing a firm diag-
nosis without complementary tests or evidence of lesions
on other organs

- Other features, or unclassified ones: also insufficient for
establishing a diagnosis

- Common features: seen in both chronic and acute GVHD

Table 2 summarizes skin and mucosal signs and symptoms
according to these categories.

A diagnosis of chronic GVHD requires the following
findings®':

- The presence of at least 1 diagnostic sign or symptom, or
the presence of at least 1 distinctive sign or symptom plus
histologic confirmation

- The exclusion of other possible diagnoses

- Differential diagnosis with acute GVHD

It is important to remember that not all skin lesions in
patients who have undergone HSCT are signs of GVHD. Like
other patients, graft recipients can also develop drug reac-
tions, inflammatory lesions, infections, benign or malignant
tumors, or other conditions. Therefore, the physician must
consider the correlation of clinical and pathologic features
and timing when diagnosing any skin lesion.

A skin biopsy is recommended to confirm diagnosis, although
it is not absolutely necessary if the patient has a sign or
symptom considered diagnostic. Biopsies are suggestive but
not specific for either chronic or acute GVHD, although a
histologic report that findings are ‘‘compatible with’’ or
**diagnostic for’’ GVHD is sufficient to confirm the diagnosis
if the patient has manifestations classified as distinctive.?'
The minimum histologic criteria that must be met for diagno-
sis are the presence of apoptosis in the basement membrane
of the epidermis or the external root sheath of a hair follicle
or the acrosyringium. These findings may be accompanied by
a lichenoid infiltrate, vacuolar changes or lymphocytes sur-
rounding necrotic keratinocytes (lymphocyte satellitosis).
There are additional specific criteria according to type of
chronic GVHD* (Fig. 3).

Following HSCT, all patients should keep skin well hydrated,
undertake moderate exercise, and avoid sun exposure by
using sun blockers and sun glasses.?

Dry mouth and genitalia are very common symptoms
of GVHD and can be alleviated through topical and oral
medications>::

- Dry mouth syndrome: artificial saliva and oral pilocarpine
(5mg every 6-8h)**
- Dry genitals: humectants and hormonal therapy.

Given that acute GVHD is a multisystem disease that appears
in immunocompromised patients, and customarily presents
during hospitalization for HSCT, the treating physician is
usually a hematologist. The first line of therapy is methyl-
prednisolone, and if there is no response, a second drug
(e.g., antithymocyte globulin, mycophenolate mofetil, anti-
tumor necrosis factor agents, or sirolimus) can be added,
using departmental regimens and a tailored approach.?®
However, the main approach to acute GVHD is to prevent
it, through the use of corticosteroids, ciclosporin, and/or
methotrexate.

Topical treatments for skin manifestations of GVHD are
inadequate. Phototherapy may be useful in cases that are
resistant to conventional treatment.’~#

Dermatologists play a more important role in managing and
treating chronic GVHD. Certain issues must be considered
before choosing an approach. Once again, we should recall
the multisystem nature of the disease and always investi-
gate the involvement of other organs. It is also important to
distinguish sclerodermiform and nonsclerodermiform types,
verify depth (epidermal, dermal, or subcutaneous involve-
ment), note the extension of manifestations (localized vs
generalized), and consider location when evaluating cuta-
neous signs. Manifestations involving more than 50% of the
BSA predict a poor prognosis.*

When skin manifestations are localized, epidermal, or der-
mal, topical preparations can be used. Corticosteroids®?
and tacrolimus*“ can be useful; the second is particularly
appropriate for the face and skin folds and as a way to reduce
corticosteroid use. Topical medications can also be used on
the oral and genital mucosa.“®*’ Different corticosteroids
are prescribed according to their potency at the affected
site and lesion depth.

Formulations that are useful inside the mouth are 0.1%
triamcinolone acetonide (mouthwash or oral adhesive gel),
0.05% clobetasol (oral adhesive gel), and 0.1% tacrolimus
(ointment); a ciclosporin mouthwash can be useful in
patients on long-term corticosteroids.“®

Systemic therapy should be considered whenever topical
treatments targeting the skin have failed (i.e., signs or
symptoms do not improve or become worse), multiple organs
or a high percentage of the BSA is involved, or cutaneous or
fascial sclerosis has been demonstrated.?>3" The patient’s
concomitant conditions, general state of health, disease
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phase, and risk of infection must be factored into the deci-
sion.

Oral prednisone at a dose of 1mg/kg is the first line
of treatment. There is no standardized rescue treatment
if prednisone fails. The choice of alternatives should be
individualized according to clinical manifestations of GVHD
and other patient-related factors. Sirolimus, mycophenolate
mofetil, rituximab, imatinib, azathioprine, thalidomide,
methotrexate, and others can be used. Of all these
alternatives, imatinib mesylate at a dose of 100 to
200 mg/d is the most specific for sclerodermiform cutaneous
GVHD.#-5" In all cases in which systemic treatment is being
considered, the hematologist and other specialists treating
the patient should be consulted and consensus sought.

1. Phototherapy. Psoralen plus UV-A (PUVA), UV-A1, UV-
B, and narrow-band UV-B phototherapies have been
used.’> These alternative therapies can be useful for
patients with generalized lesions that are refractory to
other measures, or they can be used as a corticoid-
sparing strategy.>* The choice of type of phototherapy
is based mainly on the depth of lesions and the patient’s
concomitant conditions. Sclerotic lesions respond best
to PUVA, whereas superficial lesions respond to narrow-
band UV-B treatment. A finding of ocular GVHD would
contraindicate PUVA. The dermatologist should take
care to investigate any photsensitizing drugs (especially
voriconazole) the patient might be taking as well as a
positive antinuclear antibody test result.>

2. Extracorporeal photopheresis. This therapy is particu-
larly appropriate for cutaneomucosal forms of GVHD

and patients who have become dependent on cortico-
steroids or have hepatic or pulmonary involvement.>:%
The technique requires placement of a central venous
catheter for apheresis of white blood cells and platelets
from whole blood. After treatment with PUVA, the con-
centrated collected blood is reinfused. The procedure,
which is repeated twice a week for several months, is
time-consuming. Although few side effects develop dur-
ing treatment, risk of infection and sepsis is present.

Figure 5 shows a flow chart of available treatments for
chronic cutaneous GVHD.

No validated, standardized criteria are available for mea-
suring response to therapy for chronic cutaneous GVHD. This
situation complicates the management of this condition and
the design of clinical trials.

Disease activity must be measured at 2 time points in
order to quantify and compare response. It is important
to assess skin lesions, depth of involvement (epidermis,
dermis, or subcutaneous tissue), and BSA expressed as a
percentage.

Definitions for complete response (all lesions have dis-
appeared), partial response (only improvement can be
perceived), and progression (the condition has worsened)
have been proposed.?' However, the definitions are subjec-
tive and reproducibility is a problem. Furthermore, clinical
manifestations are varied (dry mouth, sclerotic cutaneous
lesions, etc.) and the fact that some are irreversible makes
it difficult to standardize response criteria.

| Chronic cutaneous GVHD |
| Generalized | | Localized |
Sclerotic Nonsclerotic Sclerotic Nonsclerotic
Dermal Subcutaneous/ Skin Multiple Skin Multiple Skin Multiple
fascial organs organs organs
Systemic Systemic Topical + Systemic PUVA Systemic Topical Topical
systemic
+ PUVA Rehabilitation Narrow band + Narrow band | | Systemic + PUVA Systemic
UV-B/PUVA UV-B/ PUVA
CT CT CT CT CT CT

Flow chart for treatment of chronic cutaneous GVHD.

GVHD refers to graft-vs-host disease; CT, clinical trial; PUVA, psoralen plus UV-A; NB-UV-B, narrow-band UV-B.

Adapted from Hymes et al.??
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Outlook for the Future

Acute GVHD

Acute GVHD continues to represent the main limiting fac-
tor affecting the use of allogeneic HSCT. Biomarkers for
early risk assessment and diagnosis are needed.”” The treat-
ment of acute GVHD is less than optimal, and we need new
approaches to prevention and management that preserve
the antitumor effects of the graft.

Chronic GVHD

The pathogenesis of chronic GVHD is still poorly understood.
Interest in the role of cytokines in the development of clini-
cal signs and their influence on severity has increased given
that greater understanding might suggest potential thera-
peutic targets.”®

Assessing response to chronic GVHD therapy is one of the
greatest challenges we face. Available grading systems are
unable to assess disease extension and severity or measure
the effect of treatment. There are no clinical or labora-
tory findings that can distinguish active chronic GVHD from
residual fibrosis.

Nor is there a laboratory test for a biomarker that
can predict risk of developing chronic GVHD, response to
treatment, or survival. Such biomarkers are essential for
identifying risk and initiating treatment early as well as for
closely monitoring response. They can also be helpful for
measuring disease activity and the balance between chronic
GVHD and the antileukemia effect of the graft. Biomarkers
are currently being developed and their use validated, but
none have been applied routinely in clinical practice.>® ¢

Conclusions

GVHD is a multisystem disease that can affect any organ and
should therefore be managed through a multidisciplinary
approach.

Improving our understanding of GVHD and validating
biomarkers of disease activity can help us maximize the
therapeutic potential of HSCT and minimize the risk of
GVHD.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

We thank Pau Alonso and Conrad Pujol of the hematology
section of the pathology department of Hospital Universi-
tario y Politécnico de la Fe in Valencia, Spain.

References

1. Appelbaum FR. Haematopoietic cell
immunotherapy. Nature. 2001;411:385-9.

transplantation as

18.

20.

21.

. Sullivan KM, Agura E, Anasetti C, Appelbaum F, Badger C, Bear-

man S, et al. Chronic graft-versus-host disease and other late
complications of bone marrow transplantation. Semin Hematol.
1991;28:250-9.

. Sullivan KM, Mori M, Sanders J, Siadak M, Witherspoon RP,

Anasetti C, et al. Late complications of allogeneic and
autologous marrow transplantation. Bone Marrow Transplant.
1992;10:127-34.

. Welniak LA, Blazar BR, Murphy WJ. Immunobiology of allogeneic

hematopoietic stem cell transplantation. Annu Rev Immunol.
2007;25:139-70.

. Filipovich AH, Weisdorf D, Pavletic S, Socie G, Wingard JR, Lee

SJ, et al. National Institutes of Health consensus development
project on criteria for clinical trials in chronic graft-versus-
host disease. |. Diagnosis and staging working group report. Biol
Blood Marrow Transplant. 2005;11:945-56.

. Ferrara JL, Levine JE, Reddy P, Holler E. Graft-versus-host dis-

ease. Lancet. 2009;373:1550-61.

. Sakoda Y, Hashimoto D, Asakura S, Takeuchi K, Harada M, Tan-

imoto M, et al. Donor-derived thymic-dependent T cells cause
chronic graft-versus-host disease. Blood. 2007;109:1756-64.

. Zorn E, Kim HT, Lee SJ, Floyd BH, Litsa D, Arumugarajah S,

et al. Reduced frequency of FOXP31 CD41 CD251 regulatory T
cells in patients with chronic graft-versus-host disease. Blood.
2005;106:2903-11.

. Zhang C, Todorov |, Zhang Z, Liu Y, Kandeel F, Forman S, et al.

Donor CD41T and B cells in transplants induce chronic graft-
versus-host disease with autoimmune manifestations. Blood.
2006;107:2993-3001.

. Shimada M, Onizuka M, Machida S, Suzuki R, Kojima M, Miya-

mura K, et al. Association of autoimmune disease-related gene
polymorphisms with chronic graft-versus-host disease. Br J
Haematol. 2007;139:458-63.

. Quaranta S, Shulman H, Ahmed A, Shoenfeld Y, Peter J, McDon-

ald GB, et al. Autoantibodies in human chronic graft-versus-host
disease after hematopoietic cell transplantation. Clin Immunol.
1999;91:106-16.

. Patriarca F, Skert C, Sperotto A, Zaja F, Falleti E, Mestroni

R, et al. The development of autoantibodies after allogeneic
stem cell transplantation is related with chronic graft-vs-
host disease and immune recovery. Exp Hematol. 2006;34:
389-96.

. Przepiorka D, Weisdorf D, Martin P, Klingemann HG, Beatty P,

Hows J, et al. 1994 Consensus Conference on Acute GVHD Grad-
ing. Bone Marrow Transplant. 1995;15:825-8.

. Penas PF, Zaman S. Many faces of graft-versus-host-disease.

Australas J Dermatol. 2010;51:1-10.

. Marra DE, McKee PH, Nghiem P. Tissue eosinophils and the per-

ils of using skin biopsy specimens to distinguish between drug
hypersensitivity and cutaneous graft-versus-host disease. J Am
Acad Dermatol. 2004;51:543-6.

. Lerner KG, Kao GF, Storb R, Buckner CD, Clift RA, Thomas ED.

Histopathology of graft-vs-host reaction (GvHR) in human recip-
ients of marrow from HL-A-matched sibling donors. Transplant
Proc. 1974;6:367-71.

. Weaver J, Bergfeld WF. Quantitative analysis of eosinophils in

acute graft-versus-host disease compared with drug hypersen-
sitivity reactions. Am J Dermatopathol. 2010;32:31-4.
Paczesny S, Braun TM, Levine JE, Hogan J, Crawford J, Coffing
B, et al. Elafin is a biomarker of graft-versus-host disease of the
skin. Sci Transl Med. 2010;2:1-19.

. Przepiorka D, Anderlini P, Saliba R, Cleary K, Mehra R, Khouri I,

et al. Chronic graft-versus-host disease after allogeneic blood
stem cell transplantation. Blood. 2001;98:1695-700.

Horwitz ME, Sullivan KM. Chronic graft-versus-host disease.
Blood Rev. 2006;20:15-27.

Laughlin MJ, Eapen M, Rubinstein P, Wagner JE, Zhang MJ, Cham-
plin RE, et al. Outcomes after transplantation of cord blood or


http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0305
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0310
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0315
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0320
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0325
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0330
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0335
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0340
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0345
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0350
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0355
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0360
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0365
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0370
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0375
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0380
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0385
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0390
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0395
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0400
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405

192

R. Ballester-Sanchez et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

bone marrow from unrelated donors in adults with leukemia.
New Engl J Med. 2004;351:2265-75.

Lee SJ, Klein JP, Barrett AJ, Ringden O, Antin JH, Cahn JY,
et al. Severity of chronic graft-versus-host disease: Associ-
ation with treatment-related mortality and relapse. Blood.
2002;100:406-14.

Hymes SR, Alousi AM, Cowen EW. Graft-versus-host disease. J
Am Acad Dermatol. 2012;66:515.

Hausermann P, Walter RB, Halter J, Biedermann B, Tichelli A,
Itin P, et al. Cutaneous graft-versus-host disease: A guide for
the dermatologist. Dermatology. 2008;216:287-304.

Zuo RC, Naik HB, Steinberg SM, Baird K, Mitchell SA, Kuzmina
Z, et al. Risk factors and characterization of vitiligo and alope-
cia areata in patients with chronic graft-vs-host disease. JAMA
Dermatol. 2015;151:23-32.

Jagasia M, Giglia J, Chinratanalab W, Dixon S, Chen H, Frangoul
H, et al. Incidence and outcome of chronic graft-versus-host
disease using National Institutes of Health. Biol Blood Marrow
Transplant. 2007;13:1207-15.

Cho BS, Min CK, Eom KS, Kim YJ, Kim HJ, Lee S, et al. Feasibility
of NIH consensus criteria for chronic graft-versus-host disease.
Leukemia. 2009;23:78-84.

Pavletic SZ, Martin P, Lee SJ, Mitchell S, Jacobsohn D, Cowen
EW, et al. Measuring therapeutic response in chronic graft-
versus-host disease: National Institutes of Health consensus
development project on criteria for clinical trials in chronic
graft-versus-host disease: IV. Response Criteria Working Group
report. Biol Blood Marrow Transplant. 2006;12:252-66.
Jacobsohn DA, Kurland BF, Pidala J, Inamoto Y, Chai X, Palmer
JM, et al. Correlation between NIH composite skin score,
patient-reported skin score, and outcome: Results from the
Chronic GVHD Consortium. Blood. 2012;120:2545-52.
Hildegard TG, Pohlreich D, Maalouf J, Soukup P, Supper V,
Kalhs P, et al. A single-centre pilot validation study of a new
chronic GVHD skin scoring system. Biol Blood Marrow Transplant.
2007;13:715-23.

Solano C, Martinez C, Carreras E. Manual de la enfermedad
injerto contra huésped cronica. Adaptacion de las recomenda-
ciones del Grupo de Consenso en EICHc del NIH. Primera edicion.
Molins de Rei: Antares; 2009.

Shulman HM, Kleiner D, Lee SJ, Morton T, Pavletic SZ, Farmer
E, et al. Histopathologic diagnosis of chronic graft-versus-host
disease: National Institutes of Health consensus development
project on criteria for clinical trials in chronic graft-versus-host
disease. Il. Pathology working group report. Biol Blood Marrow
Transplant. 2006;12:31-47.

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 consensus 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.

Singhal S, Powles R, Treleaven J, Rattenbury H, Mehta J. Pilo-
carpine hydrochloride for symptomatic relief of xerostomia due
to chronic graft-versus-host disease or total-body irradiation
after bone-marrow transplantation for hematologic malignan-
cies. Leuk Lymphoma. 1997;24:539-43.

Martin PJ, Schoch G, Fisher L, Byers V, Appelbaum FR,
McDonald GB, et al. A retrospective analysis of therapy for
acute graft-versus-host disease: Secondary treatment. Blood.
1991;77:1821-8.

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.

37.

38.

39.

40.

1.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Schlaak M, Schwind S, Wetzig T, Maschke J, Treudler R, Basara
N, et al. UVA (UVA-1) therapy for the treatment of acute GVHD
of the skin. Bone Marrow Transplant. 2010;45:1741-8.

Wetzig T, Sticherling M, Simon JC, Hegenbart U, Nieder-
wieser D, Al-Ali HK. Medium dose long-wavelength ultraviolet
A (UVA1) phototherapy for the treatment of acute and chronic
graft-versus-host disease of the skin. Bone Marrow Transplant.
2005;35:515-9.

Furlong T, Leisenring W, Storb R, Anasetti C, Appelbaum FR,
Carpenter PA, et al. Psoralen and ultraviolet A irradiation
(PUVA) as therapy for steroid-resistant cutaneous acute graft-
versus-host disease. Biol Blood Marrow Transplant. 2002;8:
206-12.

Wiesmann A, Weller A, Lischka G, Klingebiel T, Kanz L, Einsele
H. Treatment of acute graft-versus-host disease with PUVA (pso-
ralen and ultraviolet irradiation): Results of a pilot study. Bone
Marrow Transplant. 1999;23:151-5.

Grundmann-Kollmann M, Martin H, Ludwig R, Klein S, Boehncke
WH, Hoelzer D, et al. Narrowband UV-B phototherapy in the
treatment of cutaneous graft versus host disease. Transplanta-
tion. 2002;74:1631-54.

Feldstein JV, Bolanos-Meade J, Anders VL, Abuav R. Narrowband
ultraviolet B phototherapy for the treatment of steroid refrac-
tory and steroid dependent acute graft-versus-host disease of
the skin. J Am Acad Dermatol. 2011;65:733-8.

Arora M, Klein JP, Weisdorf DJ, Hassebroek A, Flowers ME,
Cutler CS, et al. Chronic GVHD risk score: A Center for Inter-
national Blood and Marrow Transplant Research analysis. Blood.
2011;117:6714-20.

. Elad S, Or R, Resnick I, Shapira MY. Topical tacrolimus: A novel

treatment alternative for cutaneous chronic graft-versus-host
disease. Transpl Int. 2003;16:665-70.

Choi CJ, Nghiem P. Tacrolimus ointment in the treatment of
chronic cutaneous graft-vs-host disease: A case series of 18
patients. Arch Dermatol. 2001;137:1202-6.

Eckardt A, Starke O, Stadler M, Reuter C, Hertenstein B. Severe
oral chronic graft-versus-host disease following allogeneic bone
marrow transplantation: Highly effective treatment with topi-
cal tacrolimus. Oral Oncol. 2004;40:811-4.

Spiryda LB, Laufer MR, Soiffer RJ, Antin JA. Graft-versus-host
disease of the vulva and/or vagina: Diagnosis and treatment.
Biol Blood Marrow Transplant. 2003;9:760-5.

Epstein JB, Reece DE. Topical cyclosporin A for treatment of
oral chronic graft-versus-host disease. Bone Marrow Transplant.
1994;13:81-6.

Magro L, Mohty M, Catteau B, Coiteux V, Chevallier P, Ter-
riou L, et al. Imatinib mesylate as salvage therapy for
refractory sclerotic chronic graft-versus-host disease. Blood.
2009;114:719-22.

Olivieri A, Locatelli F, Zecca M, Sanna A, Cimminiello M, Rai-
mondi R, et al. Imatinib for refractory chronic graft-versus-host
disease with fibrotic features. Blood. 2009;114:709-18.

Baird K, Comis LE, Joe GO, Steinberg SM, Hakim FT, Rose JJ,
et al. Imatinib mesylate for the treatment of steroid-refractory
sclerotic-type cutaneous chronic graft-versus-host disease. Biol
Blood Marrow Transplant. 2015;21:1083-90.
Garbutcheon-Singh KB, Fernandez-Pefas P. Phototherapy for the
treatment of cutaneous graft versus host disease. Australas J
Dermatol. 2015;56:93-9.

Ballester-Sanchez R, Navarro-Mira MA, de Unamuno-Bustos B,
Pujol-Marco C, Sanz-Caballer J, Botella-Estrada R. The role of
phototherapy in cutaneous chronic graft-versus-host disease: A
retrospective study and review of the literature. Actas Dermosi-
filiogr. 2015;106:651-7.

Vadnerkar A, Nguyen MH, Mitsani D, Crespo M, Pilewski J, Toy-
oda Y, et al. Voriconazole exposure and geographic location are
independent risk factors for squamous cell carcinoma of the


http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0405
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0410
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0415
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0420
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0425
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0435
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0440
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0445
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0450
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0460
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0465
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0470
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0475
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0480
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0485
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0490
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0495
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0500
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0505
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0510
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0515
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0520
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0525
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0530
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0535
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0540
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0545
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0550
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0555
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0560
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0565
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570

Review of Cutaneous Graft-vs-Host Disease

193

55.

56.

57.

skin among lung transplant recipients. J Heart Lung Transplant.
2010;29:1240-4.

Couriel DR, Hosing C, Saliba R, Shpall EJ, Anderlini P, Rhodes B,
et al. Extracorporeal photochemotherapy for the treatment of
steroid-resistant chronic GVHD. Blood. 2006;107:3074-80.
Marshall SR. Technology insight: ECP for the treatment of GvHD-
can we offer selective immune control without generalized
immunosuppression? Nat Clin Pract Oncol. 2006;3:302-14.
August KJ, Chiang KY, Bostick RM, Flanders WD, Waller EK,
Langston A, et al. Biomarkers of immune activation to screen for
severe, acute GVHD. Bone Marrow Transplant. 2011;46:601-4.

58.

59.

60.

Henden AS, Hill GR. Cytokines in graft-versus-host disease. J
Immunol. 2015;194:4604-12.

Paczesny S. Discovery and validation of graft-versus-host dis-
ease biomarkers. Blood. 2013;121:585-94.

Shultz KR, Miklos DB, Fowler D, Cooke K, Shizuru J, Zorn E,
et al. Toward biomarkers for chronic graft-versus-host disease:
National Institute of Health consensus development Project on
criteria for clinical trials in chronic graft-versus-host disease: Ill.
Biomarker Working Group Report. Biol Blood Marrow Transplant.
2006;12:126-37.


http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0570
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0575
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0580
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0585
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0590
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0595
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600
http://refhub.elsevier.com/S1578-2190(16)00026-3/sbref0600

	Review of Cutaneous Graft-vs-Host Disease
	Introduction
	Pathophysiology and Classification
	Acute Graft-vs-Host Disease
	Symptoms, Staging, and Classification
	Diagnosis and Differential Diagnosis
	Histopathology and Pathologic Staging

	Chronic GVHD
	Symptoms, Staging, and Classification
	Diagnosis and Differential Diagnosis
	Histopathology and Pathologic Staging

	Treatment
	Prophylaxis and Life Support
	Acute GVHD
	Chronic GVHD
	Topical Treatments
	Systemic Treatments
	Physical Therapies

	Measuring Therapeutic Response

	Outlook for the Future
	Acute GVHD
	Chronic GVHD

	Conclusions
	Conflicts of Interest
	Acknowledgments
	References


