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Some challenges have arisen in the manipulation of human
Tregs during allogeneic HSCT when isolation procedures are based
solely on CD4 and CD25 coexpression. Although the expression of
the intracellular protein, Foxp3, typically is used in conjunction
with CD4 and CD25 to define Treg populations, permeabilization
of cells to assess Foxp3 expression precludes the use of Foxp3 as a
marker suitable for cell isolation procedures without impairing cell
viability and function. More recently, a combination of CD4,
CD25, and CD127 (IL-7R!) has permitted the isolation of a highly
purified Treg population that included both CD4"CD25" and
CD4"CD25# T-cell subsets, both of which were as suppressive as
the classic CD4"CD25hi Treg subset.77,78 However, it is unknown
whether the expansion of this Treg subpopulation will permit
retention of as high a level of suppressor function as the
CD4"CD25" population.79 Besides these important technical prob-
lems and despite the encouraging rodent data, future studies will be
needed to determine whether Treg infusion in persons undergoing
HSCT adversely affects an allogeneic graft-versus-tumor response.
Furthermore experimental data both in mice and humans have
demonstrated the extraordinary potential of T-helper cell subsets
(Th1, Th2, and Th17) and of Tregs to exhibit plasticity, shifting
from one phenotype to another (reviewed in Annunziato and
Romagnani80; and Rowell and Wilson81). This aspect of “plasticity”
may also be of concern when Tregs will move from the bench to
the bedside.

NKT cells

A second inhibitory population shown to inhibit acute GVHD
lethality is the natural killer T (NKT) subset that coexpresses NK-
and T-cell surface determinants.82 In rodents, total lymphoid
irradiation combined with antithymocyte globulin has been shown
to induce host NKT cells that also promote the generation of Tregs
and the production and release of anti-inflammatory cytokines.83 In
humans undergoing HSCT, recent studies indicate that the reduced
acute GVHD lethality seen despite the infusion of high numbers of
T cells contained in a granulocyte colony-stimulating factor–
mobilized peripheral blood stem cell graft is associated with
increased donor NKT cells.84,85

Th17 cells

Finally, Th17 cells86 have recently emerged as a new player in
GVHD. Although the role of this new T-cell subset has been
dissected in certain experimental models including inflammatory
bowel disease, and lung and skin GVHD, the study of its role in
experimental GVHD has led to seemingly discordant GVHD
lethality results that may be ascribed to different experimental
conditions.87-89 As yet, the potent role of Th17 cells in humans is
unknown. Preliminary data from one of us (G.S., unpublished
observations, September 2009) indicate that Th17 cells in human
intestinal GVHD Th17 cells are not as numerous as in Crohn
disease.

T-cell trafficking

How T cells are recruited into tissues could be pivotal for
understanding the stereotypical involvement of skin, liver, and
bowel in GVHD (Figure 4). Although the migration of T cells into
secondary lymphoid organs during GVHD and other inflammatory
responses has been well characterized, the migration of leukocytes
into parenchymal organs is less well understood. This process may
involve changes in vascular permeability and, in certain systems,
has been shown to require specific selectin-ligand, chemokine-
receptor, and integrin-ligand interactions (reviewed in Wysocki et
al11). During a GVHD reaction, donor T cells initially migrate to
spleen and peripheral lymphoid tissues within hours.90 Naive donor
T cells traffic to lymphoid tissues, where the subset of alloreactive
T cells receives activation signals by APCs, and then subsequently
migrate to specific GVHD target organ sites, essential for the
induction and pathogenesis of acute GVHD.91 Almost all tissues
express transplantation antigens; however, acute GVHD pathology
is primarily limited to only a few locations—gut, skin, liver, lung,
secondary lymphoid organs, and thymus. With respect to GVHD
target organ-specific migration, the combination of CD62L and
beta7 integrin expression is required to induce acute colitis and
facilitate entry of CD4" donor T cells in the mesenteric nodes
associated with lethal GVHD in allogeneic hosts.92,93 $7#/# donor

Figure 4. Step 4: T-cell trafficking. In rodents, second-
ary lymphoid organs are known to facilitate GVHD initia-
tion. In both rodents and humans, GVHD tissue injury
requires migration of such activated donor T cells into
GVHD target organs that is orchestrated by chemokines,
selectin, and adhesion molecules. An example of the
homing process into the skin is depicted. The red boxes
below the mouse and the human recipient serve to
highlight distinct features between these species. Ques-
tion marks denote uncertain conclusions. In the center
red box, we note that clinical translational approaches to
prevent GVHD by blocking individual chemokine/receptor
interactions may be difficult due to known redundancies
that exist for many pathways.
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Acute	
  GVHD:	
  clinical	
  presentaJon	
  
•  skin	
  rash,	
  cutaneous	
  blisters	
  
•  crampy	
  abdominal	
  pain	
  with	
  or	
  without	
  diarrhea,	
  
•  persistent	
  nausea	
  and	
  vomiRng	
  
•  eleva%on	
  of	
  bilirubin	
  and/or	
  liver	
  enzymes.	
  	
  
	
  
Typically,	
  these	
  symptoms	
  occur	
  a;er	
  engra;ment	
  and	
  	
  
before	
  day	
  100	
  a;er	
  the	
  HSCT	
  (or	
  later).	
  	
  

	
  
Hyperacute	
  GVHD	
  occurrs	
  within	
  	
  

the	
  first	
  14	
  days	
  a_er	
  SCT	
  
(DD	
  with	
  Engra_ment	
  Sindrome)	
  	
  



Dermatologic involvement 
 

characteristic maculopapular rash can spread over the rest of 
the body. In severe cases, the skin may blister and ulcerate 

 

Apoptosis at the base of dermal crypts is 
characteristic dermal perivascular lymphocytic 

infiltration 

(Table I). ‘‘Late acute’’ disease is further classified as
‘‘persistent’’ (continuation of an acute GVHD epi-
sode past day 100), ‘‘recurrent’’ (a relapse of an
earlier episode of acute GVHD), or ‘‘late-onset
acute,’’ which often occurs after withdrawal of
immune suppression. Classic de novo chronic
GVHD occurs after day 100 with no previous history
of acute disease. The usefulness of the new classifi-
cation is still being determined; however, retrospec-
tive studies have determined that many patients
previously classified as chronic GVHD would now
be reclassified as late acute GVHD or overlap syn-
drome under the new guidelines, and these patients
may have poorer outcomes.15-17

ACUTE GRAFT-VERSUS-HOST DISEASE
Key points
d The incidence of acute graft-versus-host dis-
ease depends upon a number of transplant-
related factors, particularly the degree of
human leukocyte antigenecompatibility be-
tween donor and recipient

d The three primary clinical features of acute
graft-versus-host disease are skin rash, bili-
rubin elevation, and diarrhea

d Eosinophils do not reliably distinguish his-
tologic findings of drug exanthem from
acute graft-versus-host disease

The incidence of acute GVHD varies between 20%
and 70%, based on histocompatibility differences
between the donor and recipient, the intensity of the
conditioning regimen, the age of the recipient, and
the stage of primary disease, among other factors.18-22

The primary target organs of acuteGVHDare the skin,
liver (cholestatic jaundice), and gastrointestinal (GI)

tract (nausea, vomiting, and diarrhea). Acute GVHD
organ involvement is graded quantitatively (I to IV)
based on extent and type of skin involvement,
degree of bilirubin elevation, and volume of diarrhea
(Table II).23

Early cutaneous signs and symptoms include
pruritus, dysesthesias, or subtle macular erythema
and edema. This may be followed by a folliculocen-
tric or morbilliform eruption, often beginning on the
trunk, that becomes increasingly confluent over
time.24 The development of bullae or a positive

Table II. Clinical staging of acute graft-versus-host disease

Stage Skin Liver Gut

0 No rash related to GVHD Bilirubin,\2 mg/dL None
1 Maculopapular rash\25% of body surface area

without associated symptoms
Bilirubin, 2 to\3 mg/dL Diarrhea,[500 to 1000 mL/d,

nausea and vomiting
2 Maculopapular rash or erythema with pruritus or

other associated symptoms covering $ 25 and
\50% of body surface area or localized
desquamation

Bilirubin, 3 to\6 mg/dL Diarrhea,[1000 to 1500 mL/d,
nausea and vomiting

3 Generalized erythroderma or symptomatic
macular, papular, or vesicular eruption with
bullae or desquamation covering $ 50% of
the body

Bilirubin, 6 to\15 mg/dL Diarrhea,[1500 mL/d, nausea
and vomiting

4 Generalized exfoliative dermatitis, ulcerative
dermatitis or bullae

Bilirubin, $ 15 mg/dL Severe abdominal pain with or
without ileus

Adapted from Przepiorka et al.23

GVHD, Graft-versus-host disease.

Fig 1. Acute graft-versus-host disease. A, Morbilliform
eruption on the arm. B, Morbilliform eruption with bullae
and epidermal denudation on the central back.
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Nikolsky sign heralds the onset of more severe
disease characterized by epidermal denudation (Fig
1). Other epithelial surfaces, including the eye and
mucous membranes, can also become extensively
involved.

Pathologic changes in the skin may confirm a
clinical suspicion of GVHD but do not impact the
grading or staging of the disease. Distinguishing
between GVHD, drug reactions, or infectious
exanthem is often difficult on clinical grounds
alone, and although histologic confirmation is
sometimes helpful, it is often nonspecific.25

Initially, vacuolar changes are present at the basal
cell layer, accompanied by a sparse lymphocytic
infiltrate. The presence of scattered eosinophils, a
hallmark feature of drug-induced and other hy-
persensitivity reactions, should not delay a diag-
nosis of acute GVHD if there is a strong clinical
suspicion.25 A recent review found that a very
high number of eosinophils (average 16 eosino-
phils/10 high power fields) was needed to rule
out the possibility of GHVD with 100% specific-
ity.26 Dyskeratotic epidermal cells, which may be
contiguous to a ‘‘satellite lymphocyte,’’ are char-
acteristic of more advanced GVHD, but are also
not specific to GVHD.27,28 Disease progression
results in clefts at the dermoepidermal junction
followed by complete epidermal separation
(Table III).29

Pathophysiology
Animal models have been instrumental in under-

standing the pathophysiology of acute GVHD. These
models suggest that acute GVHD arises from a three-
phase process; first, recipient tissue damage occurs
as a result of toxicity from the conditioning chemo-
therapy or radiotherapy, leading to the release of
inflammatory cytokines. Second, mature donor lym-
phocytes contained within the graft enter into an
environment of inflammatory molecules, leading to
expansion and activation of donor lymphocytes

when contact is made with host and donor antigen-
presenting cells (APCs) expressing disparate host
antigens (eg, minor histocompatibility antigens
[MiHC]). Finally, alloreactive T cells expand into
cytotoxic effector T cells that induce tissue injury
and release additional inflammatory cytokines.30

CHRONIC GRAFT-VERSUS-HOST DISEASE
Key point
d The pathogenesis of chronic graft-versus-host
disease remains poorly understood but likely
involves components of alloreactivity and
autoimmunity

Approximately 60% to 70% of patients who re-
ceive an allogeneic transplant manifest chronic
GVHD at some point in their posttransplant course.31

In one large series, the 5-year cumulative incidence
for chronic GVHD ranged from 9% to 75% based on a
number of risk factors, including older recipient age,
history of acute GVHD, a multiparous female donor
for a male recipient, and transplant performed for
chronic myelogenous leukemia.32 Additional risk
factors for chronic GVHD include a higher degree
of HLAmismatching, granulocyte colony-stimulating
factoremobilized peripheral blood progenitor cell
grafts, history of splenectomy, cytomegalovirus se-
ropositivity in the donor or the recipient, and second
allogeneic transplants.16,33,34 The long-term conse-
quences for patients who develop chronic GVHD are
profound and are a primary determinant of survival
and quality of life after allogeneic HCT.35

Pathophysiology
The absence of animal models that reproduce the

complexity of chronic GVHD, including its delayed
onset and protean manifestations, has impeded our
understanding of the pathophysiology of chronic
GVHD.36,37 Disease-specific autoimmune models
are often used based on the clinical similarities
between chronic GVHD and autoimmune conditions
such as systemic sclerosis and Sj€ogren syndrome.
However, these animal models recapitulate isolated
organ involvement, and an adequate murine model
of chronic GVHD revealingmultisystem involvement
is lacking.

Patients with chronic GVHD have a high inci-
dence of detectable autoantibodies (including
antinuclear, double-stranded DNA, and smooth-
muscle antibodies) and disease-related gene poly-
morphisms common to patients with autoimmune
disorders.38-40 However, in contrast to classic auto-
immune diseases, the autoantibodies detected in
patients with chronic GVHD generally do not
correlate with organ-specific manifestations. While

Table III. Histopathologic staging of acute graft-
versus-host disease

Grade Histopathologic features

0 Normal epidermis
1 Focal or diffuse vacuolar alteration of the basal

cell layer
2 Grade 1 plus dyskeratotic squamous cells in the

epidermis and/or hair follicle
3 Grade 2 plus subepidermal vesicle formation
4 Complete separation of the epidermis from

dermis

Adapted from Lerner et al.29
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with GVHD can be watery, mucoid and in large volumes; 
can be accompanied by vomiting, gastrointestinal bleeding 
and severe abdominal pain[28]. Infectious etiologies ac-
count for only 10%-15% of  cases, yet diarrhea at any time 
after transplant should still prompt obtaining stool studies 
for Clostridium difficile toxin[29,30] as well as bacterial, viral 
and parasitic cultures if  indicated. Abdominal imaging 
with CT may show bowel wall edema and/or pneumatosis 
intestinalis which may be associated with either GVHD 
or CMV infection (Figure 2). If  cultures are negative, pa-
tients are usually treated with loperamide 4 mg po once 
followed by 2 mg/24 h as needed up to 24 mg/24 h. If  
diarrhea persists, strategies include scheduling loperamide 
every 4-6 h, adding atropine and diphenoxylate or tincture 
of  opium. Octreotide starting at 150 mg iv every 8 h can 
be considered for protracted cases and can be titrated to 
response[31]. Other critical measures include maintaining 
adequate hydration and electrolyte supplementation, treat-
ing infections, discontinuation of  medications causing 
diarrhea and assessment of  nutritional status. Persistent 
symptoms despite the above measures and/or new diar-
rhea presenting after engraftment should be investigated 
with endoscopy and biopsy. 

Visual findings of  acute GVHD may include mucosal 

engraftment. Keratinocyte growth factor (palifermin) has 
been shown to decrease the incidence of  mucositis by 
40% in patients receiving autologous stem cell transplant 
with aggressive total body irradiation (TBI)-based regi-
mens[25,26]. It is administered iv for 3 d before and after 
cytotoxic therapy. Other supportive measures include 
saline and bicarbonate rinses, mucosal coating agents 
(such as aluminum hydroxide), topical anesthetics such as 
lidocaine rinse and/or narcotic analgesia, topical nystatin 
for signs of  candidiasis and proton-pump inhibitor pro-
phylaxis. Total parenteral nutrition should be considered 
for patients who are unable to tolerate oral supplementa-
tion for more than 7 d. 

DIARRHEA 
Diarrhea occurs in almost half  of  patients receiving high-
dose chemotherapy conditioning and radiotherapy. It is 
most commonly associated with toxicity of  conditioning 
regimens within the first 2 wk after transplant (Figure 1). 

Alkylating agents, busulfan and combination regimens are 
frequent etiologies and cause diarrhea due to mucosal in-
flammation. Several other etiologies should be considered 

in patients having diarrhea in the post-transplant period 
(Table 2). Acute GVHD is the most common reason for 
diarrhea after engraftment (> 15 d) in allogeneic trans-
plants[27]; persistent or new diarrhea beyond 3 wk of  trans-
plant should be investigated for GVHD. The diarrhea 

Table 2  Differential diagnosis of post-transplant diarrhea 

Conditioning regimen-related

Acute GVHD
Drug toxicity

Antibiotic-related
Opioid withdrawal
Mycophenolate mofetil toxicity
Tacrolimus (thrombotic microangiopathy)
Proton pump inhibitors
Promotility agents
Magnesium salts
Metoclopramide

Infectious
Clostridium difficile

CMV
Rotavirus
Adenovirus
EBV
HSV
Astrovirus
Norovirus
Bacterial infections including ESBL
Fungal infections
Parasitic infections (Cryptosporidium, Microsporidia, Giardia)
Mycobacterial infections

Others
Lactose intolerance
Malabsorption
Pancreatic insufficiency

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; HSV: Herpes simplex virus; 
GVHD: Graft-versus-host disease; ESBL: Extended spectrum  lactamase. 

Figure 2  Bowel wall edema in a patient with gastrointestinal graft-versus-
host disease. 

Figure 3  Histologic findings of acute graft-­versus-­host disease of the co-
lon (hematoxylin and eosin stain, x 400). Thin arrow marks apoptotic bodies; 
thick  arrow  marks  pericryptal  acute  inflammation.    

Tuncer HH et al . Gastrointestinal and hepatic complications of stem cell transplantation

Acute	
  GVHD	
  is	
  	
  
the	
  most	
  common	
  

reason	
  	
  
for	
  diarrhea	
  a?er	
  
engra?ment	
  

Acute GvHD: GIT  

           The European Group for Blood and Marrow Transplantation 

• Approximately 50% of cases 
• Nausea, vomiting and anorexia  
• Watery diarrhoea (typically green) and abdo cramps 

progressing to ileus and bloody diarrhoea 
• Endoscopy: patchy ulceration  
• CT scan: luminal dilatation with thickening of small 

bowel wall (ribbon sign), may have fluid levels 
• Pathology: apoptotic bodies in base of crypts, crypt 

abscesses, loss and flattening of surface epithelium 
 
 

 
 
 

apoptoJc	
  bodies	
  in	
  base	
  of	
  crypts,	
  crypt	
  
abscesses,	
  loss	
  of	
  surface	
  epithelium	
  

Pathology	
  

CT scan: thickening of bowell wall 

Shimoni et al. The British Journal of Radiology 2012;85:416 



Liver	
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Acute GvHD: Liver  

           The European Group for Blood and Marrow Transplantation 

• Approximately 50% of cases 
• Cholestatic hyperbilirubinaemia 
• Difficult to distinguish from other causes of hepatic 

toxicity i.e. veno-occlusive disease, drugs, viral 
infections, sepsis, iron overload 

• Pathology: endothelialitis, lymphocytic infiltrate of 
portal areas, pericholangitis, bile duct destruction 

• Biopsy often not performed because of concurrent 
thrombocytopenia 
 
 

 
 
 

Biopsy	
  	
  
o?en	
  not	
  performed	
  	
  

because	
  of	
  	
  
concurrent	
  

	
  thrombocytopenia	
  
6%	
  of	
  cases	
  of	
  aGVHD	
  
present	
  with	
  	
  exclusive	
  	
  

Liver	
  involvement	
  



Acute GvHD: Staging  

           The European Group for Blood and Marrow Transplantation 

stage skin Liver 
(bil:µmol/l) 

Gut 
diarrhoea 

1 <25% 34-50 >500 ml 

2 25-50% 51-102 >1000 

3 >50% 103-255 >1500 

4 Bullous 
disease 

>255  pain++ 

*In	
  pediatric	
  pts	
  
To	
  be	
  determined	
  	
  

according	
  to	
  the	
  Vol/kg	
  

*	
  

2-­‐3	
  mg/dl	
  
	
  
	
  
3-­‐6	
  mg/dl	
  
	
  
	
  
6-­‐15	
  mg/dl	
  
	
  
	
  
>15	
  mg/dl	
  



•  Grade	
  0:	
  No	
  stage	
  1–4	
  of	
  any	
  organ	
  
	
  

•  Grade	
  1:	
  Stage	
  1–2	
  skin	
  rash	
  and	
  no	
  liver	
  or	
  GI	
  
involvement	
  

•  Grade	
  2:	
  Stage	
  3	
  skin	
  rash,	
  or	
  Stage	
  1	
  liver	
  involvement,	
  or	
  
Stage	
  1	
  GI	
  involvement	
  

	
  

•  Grade	
  3:	
  Stage	
  0–3	
  skin	
  rash,	
  with	
  Stage	
  2-­‐3	
  liver	
  
involvement,	
  and/or	
  Stage	
  2–3	
  GI	
  involvement	
  

•  Grade	
  4:	
  Stage	
  4	
  skin	
  rash,	
  liver,	
  and/or	
  GI	
  involvement	
  

Overall	
  Clinical	
  Grade	
  	
  



           The European Group for Blood and Marrow Transplantation 

Impact of aGvHD on survival 

Gratwohl et al, Blood, 2002 

Impact	
  of	
  aGVHD	
  on	
  survival	
  	
  



Acute	
  GvHD:	
  PrevenJon-­‐1	
  
•  Methotrexate	
  
•  InhibiRon	
  of	
  cytoplasmic	
  calcineurine:	
  
Cyclosporine/Tacrolimus	
  (FK506)	
  	
  

•  Mycophenylate	
  mofe%l:	
  Inhibits	
  inosine	
  	
  	
  
	
  monophosphate	
  dehydrogenase	
  	
  

•  Sirolimus	
  (m-­‐TOR	
  inhib)	
  

•  AnRthymocyte	
  globulin	
  	
  	
  
•  Cyclophosphamide	
  (PTCy	
  in	
  Haplo	
  seQng)	
  



Acute	
  GvHD:	
  PrevenJon-­‐2	
  
	
  •  Monoclonal	
  anJbodies:	
  	
  

-­‐CD20:	
  rituximab	
  	
  
-­‐CD52:	
  alemtuzumab	
  	
  
-­‐CD3:	
  OKT3,	
  visilizumab-­‐CD147:	
  ABX-­‐CBL-­‐	
  	
  
-­‐alpha/beta-­‐	
  Tcell	
  depleJon	
  
-­‐an%-­‐TNF:	
  infliximab,	
  etanercept,	
  adalimumab,	
  	
  
-­‐am%-­‐IL6	
  (Tocilizumab)	
  
-­‐an%-­‐IL2/IL2R	
  (CD25):	
  daclizumab,	
  inolimomab,	
  
basiliximab,	
  denileukin	
  di;itox	
  	
  

•  Mesenchymal	
  stem	
  cells	
  
•  T-­‐regulatory	
  cells	
  
•  Suicide	
  gene	
  therapy	
  of	
  donor	
  T-­‐cells	
  	
  



CI	
  of	
  grade	
  2-­‐4	
  acute	
  GVHD	
   CI	
  of	
  grade	
  3-­‐4	
  acute	
  GVHD	
  

late	
  post-­‐TX	
  rituximab	
  does	
  not	
  	
  reduce	
  GVHD	
  
Tming	
  is	
  criTcal:	
  early	
  B-­‐cell	
  depleTon	
  	
  

is	
  crucial!	
  



Time (days)
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 Alemtzumab dose de-escalation in HLA-identical sibling transplantations
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DepleTon	
  of	
  Naive	
  T	
  cells	
  CD45RA+	
  

•  Central	
  and	
  memory	
  T-­‐cells	
  do	
  not	
  appear	
  to	
  
induce	
  GVHD	
  although	
  they	
  mediate	
  GVT	
  
responses.	
  

•  CD45RA-­‐depleted	
  gra_	
  is	
  associated	
  with	
  lower	
  
GVHD	
  incidence.	
  	
  

2-­‐Memory	
  CD4+	
  T	
  cells	
  do	
  not	
  induce	
  GVHD	
  .	
  Anderson	
  BE	
  et	
  al.	
  J	
  Clin	
  Invest.	
  2003	
  

3-­‐DepleTon	
  of	
  naive	
  T	
  cells	
  using	
  clinical	
  grade	
  magneTc	
  CD45RA	
  beads:	
  a	
  new	
  
approach	
  for	
  GVHD	
  prophylaxis.	
  Teschner	
  D	
  et	
  al	
  Bone	
  Marrow	
  Transplant.	
  2014	
  

1-­‐Alloreac%ve	
  and	
  leukemia-­‐reac%ve	
  T	
  cells	
  are	
  preferen%ally	
  derived	
  from	
  naive	
  
precursors	
  in	
  healthy	
  donors:	
  implica%ons	
  for	
  immunotherapy	
  with	
  memory	
  T	
  cells.	
  
Distler	
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Expanded Tregs strongly	


inhibited the division and expansion 	



of donor T cells.	
  

Expanded	
  Tregs	
  prevent	
  GVHD	
  

IL-­‐2	
  is	
  needed	
  for	
  
Treg	
  expansion	
  



Initial therapy of aGVHD	
  
•  The	
  standard	
  treatment	
  of	
  paRents	
  requiring	
  systemic	
  therapy	
  is	
  

	
  corRcosteroids	
  at	
  a	
  daily	
  dose	
  of	
  2	
  mg/kg.	
  
	
  
•  The	
  opRmal	
  duraRon	
  of	
  steroid	
  therapy	
  is	
  unknown.	
  
	
  
•  The	
  preferred	
  rate	
  to	
  taper	
  steroids	
  for	
  aGVHD	
  has	
  been	
  rarely	
  

	
  studied,	
  but	
  tapering	
  limits	
  have	
  been	
  included	
  in	
  some	
  prospecRve	
  
	
  trials.	
  

The	
  aggregated	
  results	
  of	
  standard	
  treatment	
  
with	
  prednisone	
  showed	
  48%	
  CR	
  rate,	
  64%	
  ORR	
  

and	
  66%	
  OS	
  at	
  a	
  6	
  months	
  	
  



Acute GvHD: Treatment 

           The European Group for Blood and Marrow Transplantation 

Van Lint et al (GITMO) Blood 1998: 95 pts with > grade I aGvHD  

Steroid	
  dosage	
  for	
  GVHD	
  >	
  grade	
  I:	
  gold	
  
standard	
  2mg/kg	
  methylprednisolone	
  	
  



Response	
  DefiniJons	
  	
  
in	
  acute	
  GVHD	
  

Responders were defined as achieving at least an OR at dayþ28. Patients
experiencing an MR or NR or who died on or before day þ28 were counted
as nonresponders at day þ28.

Statistical Analysis
Objective assessment of the response of aGVHD to treatment with

remestemcel-L was determined as the OR rate at day þ28. To present
changes in aGVHD organ stage, response data from baseline to day þ28 was
classified for each organ as improving, stable, progressing, or death.

To assess the effect of continuing therapy (>8 infusions), response from
day þ28 to day þ100 was summarized, stratified by aGVHD grade at base-
line and overall. To evaluate the effect of response on overall survival,
2 Kaplan-Meier survival analyses were conducted through day þ100. A
Kaplan-Meier curve was generated for patients who had achieved OR at
dayþ28, and another Kaplan-Meier curve was generated for nonresponders
at day þ28. The null hypothesis of no difference in overall survival between
the 2 groups was tested with the log-rank test using PROC LIFETEST in SAS
(SAS Institute, Cary, NC). The testing was performed at a significance level of
P < .05.

Categorical variables were summarized as frequencies and percentages.
Continuous variables were summarized using descriptive statistics (number,
mean, standard deviation [SD], median, and range). All confidence intervals
had a 95% confidence level.

RESULTS
Patient Characteristics

Seventy-five pediatric patients were enrolled in 7 coun-
tries (the United States, Canada, the United Kingdom, Italy,
Finland, New Zealand, and Australia). A median of 10.0 doses
(range, 1 to 20) was administered, with all patients receiving
at least 1 infusion. Patient characteristics are summarized
in Table 2. The study cohort comprised 44 males (58.7%) and
31 females (41.3%), with a median age of 7.8 yr (range, 0.2 to
17.5 yr). Forty-five patients (60.0%) underwent HSCT for a
hematologic malignancy, and the remaining patients un-
derwent HSCT for nonmalignant disease, primarily of genetic
origin. The most common underlying malignancies or
leukemic diseases at the time of transplantation were acute
lymphoblastic leukemia (ALL; n ¼ 18, 24.0%) and acute my-
elogenous leukemia (AML; n¼ 16, 21.3%). The majority of the
HSCT graft donors were unrelated (85.3%), nearly evenly
divided between HLA-matched (52%) and HLA-mismatched
(48%).

Baseline aGVHD disease characteristics are detailed in
Table 2. The median time from HSCT to aGVHD onset was
28.0 d (range, 7 to 270 d). At the time of onset, 33.3% of pa-
tients had grade C aGVHD and 32.0% had grade D aGVHD. At
the start of remestemcel-L treatment, the vast majority of
patients (88%) had grade C (28.0%) or grade D (60.0%) aGVHD,
indicating the aggressive nature of their disease. Sixty-five

patients (86.7%) experienced GI aGVHD, 39 (52.0%) with
maximal GI involvement (stage 4). Forty-one patients (54.7%)
had skin involvement, and 27 (36.0%) had liver involvement.
Approximately one-half of the patients had 2 organs
involved, and 14.7% of had all 3 organs (skin, liver, and GI
system) involved.

Previous Failed aGVHD Therapy
The median time from aGVHD onset to the start of

remestemcel-L treatment was 30 d. In the interval between
aGVHD onset and initiation of remestemcel-L, patients were
maintained on aGVHD prophylaxis, systemic steroids, and, in
many cases, 1 or more second-line agents for the treatment
of aGVHD (Table 3). All patients were refractory to steroid
therapy. The majority (60.0%) received 2 or more additional
aGVHD agents after failing steroids. The most common
agents were infliximab (54.7%), tacrolimus (42.7%), daclizu-
mab (25.3%), andmycophenolatemofetil (24.0%). Virtually all
of the patients (96.0%) did not improve despite treatment
with steroids and other aGVHD immunosuppressive thera-
pies before study entry.

GVHD Treatment Response
Patients’ responses to study treatment at day þ28 are

summarized in Tables 4 and 5. At day þ28, 46 patients
(61.3%) were responders, and 63 (63%) of the responding

Table 2
Patient Characteristics

Characteristic Value

No. of patients 75
Age, yr
Mean (SD) 8.6 (5.78)
Median (range) 7.8 (0.2-17.5)

Sex, n (%)
Male 44 (58.7)
Female 31 (41.3)

Race, n (%)
American Indian or Alaska Native 1 (1.3)
Asian 5 (6.7)
Black or African American 15 (20.0)
Hawaiian Native or Pacific Islander 0 (0.0)
White 46 (61.3)
Other 8 (10.7)

Weight, kg
Mean (SD) 32.1 (20.54)
Median (range) 26.9 (5.4-103.7)

Underlying disease, n (%)
Malignant 45 (60.0)
Nonmalignant 30 (40.0)

Underlying disease, n (%)
ALL 18 (24.0)
AML 16 (21.3)
CML 1 (1.3)
MDS 7 (9.3)
NHL 1 (1.3)
Genetic disease 16 (21.3)
Other 16 (21.3)

Donor type, n (%)
Unrelated 64 (85.3)
Related 11 (14.7)

Donor compatibility, n (%)
HLA-matched 39 (52.0)
HLA-mismatched 36 (48.0)

HSCT graft source, n (%)*
Bone marrow 25 (33.3)
PBSCs 16 (21.3)
Cord blood 28 (37.3)
Donor lymphocyte infusion 5 (6.7)

* Source was not available for 1 patient.

Table 1
Response Definitions

Term Definition

Complete response (CR) Resolution of aGVHD in all involved organs
Partial response (PR) Organ improvement of at least 1 stage

without worsening in any other organ system
Overall response (OR) CR or PR
Mixed response (MR) Improvement by at least 1 organ stage in at

least 1 evaluable organ with worsening by at
least 1 organ stage in at least 1 other organ

Stable disease The absence of any clinically significant
differences (improvement or worsening)
sufficient to meet minimal criteria for
improvement or deterioration in any
evaluable organ

Worsening disease Deterioration in at least 1 evaluable organ
by 1 stage or more

No response MR or stable disease or worsening disease

J. Kurtzberg et al. / Biol Blood Marrow Transplant 20 (2014) 229e235 231
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55% at day 56) compared with day 14 (35%) (P ! .01). In contrast,
rates of VGPR (16%, 8%, 5%) (P ! .01) and to less an extent PR
(8%, 4%, 2%) (P ! .01) decreased over time (day 14, 28, and 56,
respectively), suggesting that patients who could respond had, for
the most part, done so by day 28.

We then compared the incidence of response to steroid therapy
by day of response, and agreement between treatment responses at
each time point was measured (Table 4). Patients with PR at day 14
were more likely to have changed their responses by day 28 or 56.
Day 28 responses were more stable and were similar to day 56
responses (" # 0.66; 95% CI, 0.61-0.70), whereas there was less
agreement to day 14 responses (" # 0.58; 95% CI, 0.53-0.62).
There was less agreement between day 14 and day 56 responses
(" # 0.42; 95% CI, 0.37-0.48). This confirms the improvement in
response between day 14 and day 28, and the near concordance of
response between day 28 and day 56. This result held true when
VGPR response was included with PR (data not shown).

Chronic GVHD

For the entire cohort of 864 patients, the cumulative incidence of chronic
GVHD at 2 years after initiation of steroid therapy was 41% (95% CI,
37%-45%). The incidence was highest in patients with PR at day 28 of
steroids for acute GVHD (58%; 95% CI, 40%-77%) versus patients
with CR (43%; 95% CI, 38%-48%), VGPR (41%; 95% CI, 28%-54%),
or NR (41%; 95% CI, 34%-48%; P ! .001).

Transplant-related mortality

For the entire cohort of 864 patients, TRM at 2 years after initiation
of steroid therapy for GVHD was 36% (95% CI, 33%-40%). TRM
at 2 years was highest for the 269 patients with NR at day 28 (52%;
95% CI, 46%-59%) compared with patients with a response (26%;
95% CI, 22%-30%) for 461 patients with CR, 18% (95% CI,
9%-28%) for 66 patients with VGPR, and 36% (95% CI, 19%-
53%) for 36 patients with PR (P ! .001) as shown in Figure 2.

We then analyzed the C statistic, an index of concordance, to
measure the strength of association between response (CR, VGPR,
PR, or NR) to GVHD therapy (at day 14, day 28, day 56) in

predicting 2-year TRM. Day 28 responses (C # 0.65) were slightly
less predictive of TRM than day 56 responses (C # 0.75; P ! .001)
yet were better than day 14 responses (C # 0.57; P ! .001). These
findings held true when restricting the analysis to recipients of
nonmyeloablative conditioning (n # 128) or those who received
UCB transplants (n # 212; data not shown).

Because it is earlier, day 28 is a preferred time point over day 56
to promptly identify patients in need of additional GVHD therapy.
Therefore, we used day 28 response as the endpoint in further
analyses of factors associated with TRM. In multiple regression
analysis, patients with NR at day 28 were 2.78 (95% CI, 2.17%-
3.56%) times more likely to have 2-year TRM than patients
achieving either CR, VGPR, or PR or patients with VGPR $ PR
(P ! .001; Table 5) at day 28. Other factors associated with
significantly worse 2-year TRM include severe grades III to IV
GVHD at the time of initial steroid treatment (relative risk [RR],
1.63; 95% CI, 1.00-2.66; P # .05), skin-only GVHD (RR, 1.38;
95% CI, 1.01-1.89; P # .04), and a high-risk diagnosis at the time
of HCT (RR, 1.36; 95% CI, 1.07-1.73; P # .01). In addition, older
patients had significantly higher risk of TRM (P ! .01). Two-year
TRM was also significantly higher in recipients of partially
matched URD (RR, 1.61; 95% CI, 1.09-2.38; P # .02) and
mismatched URD or sibling donor (RR, 1.88; 95% CI, 1.34-2.63;

Table 4. Measure of agreement between treatment responses

CR VGPR PR NR Total

Day 14 response compared with day 28 response*

CR 276 (90) 5 (2) 2 (1) 23 (8) 306

VGPR 79 (58) 30 (22) 12 (9) 16 (12) 137

PR 26 (40) 17 (26) 11 (17) 11 (17) 65

NR 80 (22) 14 (4) 11 (3) 251 (70) 356

Total 461 66 36 301 864

Day 14 response compared with day 56 response†

CR 246 (80) 4 (1) 4 (1) 52 (17) 306

VGPR 86 (63) 19 (14) 5 (4) 27 (19) 137

PR 38 (58) 9 (14) 4 (6) 14 (22) 65

NR 109 (31) 11 (3) 3 (1) 233 (65) 356

Total 479 43 16 326 864

Day 28 response compared with day 56 response‡

CR 388 (84) 8 (2) 5 (1) 60 (13) 461

VGPR 36 (55) 20 (30) 1 (2) 9 (14) 66

PR 13 (36) 10 (28) 6 (17) 7 (19) 36

NR 42 (16) 5 (2) 4 (1) 250 (81) 301

Total 479 43 16 326 864

Values are no. of patients or n (%).
*Weighted " # 0.58 (95% CI, 0.53-0.62), good agreement.
†Weighted " # 0.42 (95% CI, 0.37-0.48), good agreement.
‡Weighted " # 0.66 (95% CI, 0.61-0.70), good agreement.
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Figure 2. Cumulative incidence of TRM at 2 years by response at day 28 after
initiation of steroid therapy for acute GVHD.
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sponsored by the National Institutes of Health Con-
sensus Development Project on Criteria for Clinical
Trials in Chronic Graft-versus-Host Disease [3-8].

As an initial step in addressing clinical trial design
for aGVHD, a panel of experts met on 2 occasions to
reach consensus on recommendations for terminology
describing a clinically meaningful primary endpoint in
studies assessing treatment for aGVHD. The goal was
to develop criteria for treatment success that are suffi-
ciently flexible to allow interpretation according to in-
stitutional protocol and physician experience, whereas
minimizing subjectivity and bias to achieve sufficient
consistency of response for regulatory approval.

Overview of Regulatory Climate in Oncology
and Autoimmune Disease

A regulatory approval pathway is clearly needed for
products intended for treatment of aGVHD. Such path-
ways have already been established for products in other
therapeutic areas such as oncology and autoimmune dis-
eases. The overall goal of clinical trials is to provide
direct evidence of clinical benefit for a treatment. Al-
though improved survival would provide persuasive
evidence of benefit in a GVHD treatment trial, experi-
ence has shown that successful control of GVHD does
not necessarily lead to improved survival. For example,
a recent study by Levine et al. [9] showed that despite
impressive differences in day 28 response rates after
treatment of aGVHD with etanercept plus steroids
compared to steroids alone, survival differences were ob-
served among patients who had related donors, but not
among those with unrelated donors. Among patients
with related donors, the difference in survival between
the 2 treatment groups was much smaller than the differ-
ence in response rates. In GVHD treatment trials,
differences in the magnitude of response and survival ef-
fects are likely related to complications such as infection,
regimen-related toxicity, recurrent malignancy, and pre-
existing conditions unrelated to GVHD [10]. Even
though most GVHD treatments are not likely to pro-
duce a survival benefit, survival remains as an appropri-
ate secondary endpoint to consider in aGVHD
treatment trials.

Although prolonged survival is considered the
most reliable endpoint with clinical benefit in oncol-
ogy trials, the FDA has accepted nonsurvival endpoints
such as tumor response rates as the basis for both reg-
ular and accelerated approval. In studies of patients
with serious or life-threatening diseases, accelerated
approval status permits the use of nonsurvival end-
points if they are reasonably likely to provide clinical
benefit. Postmarketing studies are usually required to
confirm clinical benefit [11]. From January1990 to
November 2002, 68% (39 of 57) of regular approvals
and all 14 accelerated approvals for oncology drugs
were based on nonsurvival endpoints [11].

Regulatory approval pathways based on nonsurvival
endpoints have been established for products in auto-
immune diseases that have some similarity to GVHD,
including Crohn’s disease, rheumatoid arthritis, and
systemic lupus erythematosis (SLE). For these chronic
inflammatory diseases characterized by episodes of
flares and remissions, the goals of treatment are to con-
trol inflammation and suppress disease activity. The
first biologic (infliximab) for Crohn’s disease was ap-
proved in 1998 for reduction of signs and symptoms
in patients with moderate to severe active disease. In
2002, a supplemental filing was approved for inducing
and maintaining clinical remission of Crohn’s disease
[12]. Thus, infliximab was first approved based on in-
duction of clinical response, whereas repeated therapy
and maintenance of remission was assessed in a subse-
quent trial [13,14].

Treatment success in clinical studies of autoim-
mune diseases is not predicated on producing
complete response (CR) or remission, but on demon-
strating improvement in a validated score or index
based on a set of established measures of activity in dis-
eases such as rheumatoid arthritis [15], SLE [16,17],
and Crohn’s disease [18]. These indices have been pe-
riodically reviewed and updated as better understand-
ing of disease pathophysiology and new treatments
evolve. A disease index or score, however, might not
be appropriate for treatment trials in aGVHD, because
expectations for aGVHD differ from those for chronic
autoimmune diseases. In autoimmune disease, mortal-
ity is not a key issue, whereas death is an appreciable
risk with GVHD. Furthermore, a disease activity score
is applicable for extended periods of time in patients
with autoimmune diseases, but for only a short period
time in patients with aGVHD. Typically, GVHD has
1 of 3 outcomes: death, progression to cGVHD, or
complete resolution within a period of 4 to 10 weeks.
In most cases, manifestations do not persist for longer
periods of time without progression to cGVHD.
Therefore, control of GVHD manifestations mea-
sured primarily as the response and secondarily as
the durability of the response might have the greatest
impact in determining these 3 possible outcomes.

Challenges Facing aGVHD Treatment Protocols

The close relationship between aGVHD and
cGVHD and the lack of an accepted severity index
complicate the measurement of outcomes in GVHD
treatment trials. The introduction of nonmyeloabla-
tive conditioning regimens has highlighted some of
the difficulties in distinguishing aGVHD and cGVHD
[19]. Although aGVHD is often associated with the
development of cGVHD, experts agree that aGVHD
and cGVHD should be viewed as separate diseases, de-
spite the extensive overlap in signs, symptoms, and
management strategies [20-22]. Currently, no single
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For	
  trial	
  purposes	
  the	
  main	
  clinical	
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  include:	
  

•  	
  day	
  28	
  response;	
  

•  	
  day	
  56	
  aGVHD-­‐free	
  survival;	
  

•  6-­‐month	
  freedom	
  from	
  treatment	
  failure;	
  

•  rates	
  of	
  cGVHD,	
  NRM	
  and	
  OS	
  

The determination of steroid-
refractory disease should be 
made quickly, 7 to 10 days 

and progression even sooner 
if the patient is clearly 

worsening, e.g. 3 to 4 days 
after the start of high-dose 

steroids.  



Refractory aGVHD	
  

Minimal	
  or	
  absent	
  response	
  to	
  first-­‐line	
  steroids	
  	
  
Inability	
  to	
  tapering	
  corTcosteroid	
  therapy	
  

•  Approximately	
  half	
  of	
  paRents	
  will	
  not	
  achieve	
  a	
  sustained	
  
CR	
  a_er	
  	
  first-­‐line	
  therapy	
  with	
  steroids	
  and	
  <50%	
  of	
  CR	
  are	
  
maintained.	
  

	
  
•  OS	
  in	
  steroid-­‐resistant	
  	
  (SR)	
  aGVHD:	
  	
  15%	
  at	
  2	
  years	
  	
  

	
  (median	
  6	
  months).	
  



Median	
  CR	
  rate:	
  
32%	
  



2nd	
  
Line	
  

OpRons	
  



New	
  Tx	
  currently	
  evaluated	
  in	
  clinical	
  
Trials	
  for	
  aGVHD	
  

•  MSC…....	
  
•  Begedina	
  (anR-­‐CD26)	
  
•  Vedolizumab	
  	
  
•  Cannabidiol	
  
•  TargeRng	
  intracellular	
  pathways:	
  
	
  Jak-­‐inhibitors	
  èRuxoliRnib;	
  	
  

•  others….Tocilizumab;	
  HIDAC;	
  Prot.-­‐inhib.	
  



MSC	
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  cGVHD	
  

•  Le	
  Blanc	
  K,	
  Lancet	
  2004;	
  363:	
  1439–41.	
  	
  
•  Ringdén	
  O,	
  MSC	
  for	
  therapy-­‐resistant	
  GVHD,Transplanta%on	
  

2006	
  
•  Le	
  Blanc	
  K,	
  Mesenchymal	
  stem	
  cells	
  for	
  treatment	
  of	
  severe	
  

GVHD	
  Blood	
  2006;	
  108:	
  753a.	
  	
  

SEMINAL	
  STUDIES	
  



patients showed a small increase in their skin disease,
from stage 0 to stage 1. All patients with skin GVHD
refractory to steroid therapy achieved resolution of
their skin disease after hMSC therapy. However, 2 pa-
tients (#5 and #11) who had no skin involvement at the
initiation of therapy subsequently developed stage 1
skin involvement. Of the 4 patients with liver involve-
ment 1 achieved CR, 1 had PR,whereas 2 patients in-
creased their stages (1 patient from stage 0 to I and 1
patient from stage III to IV).

Survival

The cumulative incidence of survival at day 32 and
day 100 from the initiation of hMSC therapy was
100% and 58%, respectively. Five of 12 patients
(42%) were still alive after a median follow-up for
surviving patients of 611 days (range: 427-1111). All
surviving patients had achieved CR following hMSC
therapy. The KM estimates of OS for patients achiev-
ing CR was 68% (95% CI 40%-100%) at 2 years. For
the whole group, the probability of OS at 2 years was
40% (95% confidence interval [CI] 20%-)0%)
(Figure 2). For the deceased (n 5 7), the median
time to death was 58 days (range: 36-185) from the ini-
tial hMSC infusion. The causes of death are listed in
Table 3. One patient who died 58 days after starting
hMSC had been withdrawn from the protocol at the
parents’ request after only 3 infusions. She had devel-
oped posterior reversible encephalopathy syndrome,
a complication that was most likely a result of her pre-
existent calcineurin-inhibitor therapy. Two of the CR
patients died of infectious complications (Xanthomonas
and Pseudomonas aeruginosa), which led to sepsis and
multiorgan failure. The causes of death in 5 patients
with PR or MR included respiratory failure from
multimicrobial pneumonia, renal failure, lymphopro-
liferative disorder, and cytomegalovirus (CMV)
encephalitis. One CR patient required a liver trans-
plantation on day 19 of hMSC induction therapy
for pretransplant hepatic insufficiency secondary to
the patient’s underlying disease (hemophagocytic

0

2

4

6

8

10

12

N
u
m
b
e
r
 o
f
 P
a
t
ie
n
t
s

 GI Skin Liver

Components of Acute GvHD

NR PR CR

Figure 1. Responses in various organs at the end of Prochymal therapy.

Figure 2. Kaplan-Meier estimates of the probability of 2-year OS according to GVHD response following Prochymal therapy. Seven patients had a com-
plete response to Prochymal, and whereas the remaining 5 patients (Non-CR) had partial or mixed response. Surviving patients have been followed for
a median of 611 days (range, 427-1111).
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patients showed a small increase in their skin disease,
from stage 0 to stage 1. All patients with skin GVHD
refractory to steroid therapy achieved resolution of
their skin disease after hMSC therapy. However, 2 pa-
tients (#5 and #11) who had no skin involvement at the
initiation of therapy subsequently developed stage 1
skin involvement. Of the 4 patients with liver involve-
ment 1 achieved CR, 1 had PR,whereas 2 patients in-
creased their stages (1 patient from stage 0 to I and 1
patient from stage III to IV).

Survival

The cumulative incidence of survival at day 32 and
day 100 from the initiation of hMSC therapy was
100% and 58%, respectively. Five of 12 patients
(42%) were still alive after a median follow-up for
surviving patients of 611 days (range: 427-1111). All
surviving patients had achieved CR following hMSC
therapy. The KM estimates of OS for patients achiev-
ing CR was 68% (95% CI 40%-100%) at 2 years. For
the whole group, the probability of OS at 2 years was
40% (95% confidence interval [CI] 20%-)0%)
(Figure 2). For the deceased (n 5 7), the median
time to death was 58 days (range: 36-185) from the ini-
tial hMSC infusion. The causes of death are listed in
Table 3. One patient who died 58 days after starting
hMSC had been withdrawn from the protocol at the
parents’ request after only 3 infusions. She had devel-
oped posterior reversible encephalopathy syndrome,
a complication that was most likely a result of her pre-
existent calcineurin-inhibitor therapy. Two of the CR
patients died of infectious complications (Xanthomonas
and Pseudomonas aeruginosa), which led to sepsis and
multiorgan failure. The causes of death in 5 patients
with PR or MR included respiratory failure from
multimicrobial pneumonia, renal failure, lymphopro-
liferative disorder, and cytomegalovirus (CMV)
encephalitis. One CR patient required a liver trans-
plantation on day 19 of hMSC induction therapy
for pretransplant hepatic insufficiency secondary to
the patient’s underlying disease (hemophagocytic
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Table 2. Detailed Information about Acute GVHD and Prochymal Treatment Plan

Pt. No.
Day of Onset
of aGVHD

Days of aGVHD
prior to hMSC

aGVHD Grade at
start of hMSC

GI/Skin/Liver Stages
at Start of hMSC

Prior and Concurrent
Therapies

No. of
Infusion

Cells/kg per
Infusion (!106)

Cumulative Dose
cells/kg (!106) Treatment Plan

1 70 20 IV 4/1/3 MMF, MP, FK, IFL, DAC 21* 8; 2 108 2/week for 4 weeks; 1/week for 13 weeks
2 81 45 III 3/3/0 MMF, MP, FK, DAC 2 8 16+16 Days 1 and 4
3 22 46 IV 4/2/0 IFL, MP, CsA, EPT 12 2 24+12 2/week for 4 weeks; 1/week for 4 weeks
4 98 119 III 3/0/0 BUD, MP, FK, IFL, DAC, MMF 12 2 24 2/week for 4 weeks; 1/week for 4 weeks
5 56 181 IV 4/0/2 MP, DAC, MMF 9 2 18 2/week for 4 weeks; 1/week for 4 weeks
6 72 30 IV 4/0/0 IFL, OKT3, CsA, MP, MMF 8 2 16 2/week for 4 weeks
7 27 18 IV 4/1/3 MMF, IFL, RIT, MP, FK, DAC 12 2 24 2/week for 4 weeks; 1/week for 4 weeks
8 22 76 IV 4/1/0 IFL, ECP, MP, FK 7 2 14 2/week for 4 weeks
9 84 19 III 3/0/0 CsA, MP, BUD 8 2 16 2/week for 4 weeks
10 33 38 III 3/0/0 CsA, MP, MMF, IFL 3† 2 6 2/week for 4 weeks
11 93 125 III 3/0/0 MP, DAC, MMF 8 2 16 2/week for 4 weeks
12 80 157 IV 4/0/1 MMF, MP, DAC, FK 12+8‡ 2 40 2/week for 4 weeks; 1/week for 4 weeks;

2/week for 4 weeks

CsA, cyclosporine A; FK, tacrolimus; MTX, methotrexate; MMF, mycophenolate mofetil; MP, methylprednisone; IFL, infliximab; DAC, daclizumab; RIT, rituximab; EPT, etanercept; ECP, extra-corporeal photopheresis;
BUD, budesonide.
Abbreviations in bold lettering indicate therapies that patients received concurrently with human mesenchymal stem cells (hMSC).
*Eleven infusions were administered at 8 ! 106 hMSC/kg, and 10 at 2 ! 106 hMSC/kg.
†Patient was discontinued at parents’ request.
‡Patient was continued on therapy to allow for discontinuation of steroids.
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premanufactured,	
  
universal	
  donor	
  

	
  formulaTon	
  of	
  hMSCs	
  (Prochymal)	
  
	
  in	
  children	
  



Outcomes	
  afer	
  MSCs	
  therapy	
  

M.	
  Introna	
  et	
  al.	
  /	
  Biol	
  Blood	
  Marrow	
  Transplant	
  20	
  (2014)	
  375-­‐381	
  

•  40	
  paRents	
  (adults/children	
  25/15)	
  
•  EvaluaRon	
  of	
  response:	
  at	
  day	
  +28	
  a_er	
  the	
  last	
  MSC	
  infusion	
  
	
  
•  Treatment	
  response:	
  

Adults	
   	
  CR	
  16% 	
   	
  CR+PR	
  68%	
  
Children 	
  CR	
  47% 	
   	
  CR+PR	
  67%	
  
	
  

•  Median	
  follow	
  up	
  from	
  last	
  MSC	
  infusion:	
  	
  250	
  (30-­‐1066)	
  days	
  
•  Deaths	
  =	
  17	
  

Relapse	
  =	
  3	
  
NRM	
  =	
  14	
  

	
  



Survival	
  according	
  to	
  GVHD	
  grade	
  

M.	
  Introna	
  et	
  al.	
  /	
  Biol	
  Blood	
  Marrow	
  Transplant	
  20	
  (2014)	
  375-­‐381	
  



UMBILICAL	
  CORD	
  DERIVED	
  MESENCHYMAL	
  STROMAL	
  CELLS	
  (UC-­‐MSC)	
  FOR	
  THE	
  
TREATMENT	
  OF	
  SEVERE	
  (GRADE	
  III-­‐IV)	
  STEROID-­‐RESISTANT	
  GRAFT	
  VERSUS	
  HOST	
  DISEASE:	
  

A	
  PHASE	
  I/II	
  TRIAL	
  
	
  

EudraCT	
  number	
  2012-­‐000582-­‐21	
  
ClinicalTrials.Gov	
  IdenJfier	
  NCT02032446	
  

The	
  umbilical	
  cord	
  wall	
  as	
  an	
  alternaJve	
  source	
  of	
  MSCs	
  

P*	
   P	
   P	
   MSC§	
  I	
   MSC	
  III	
  

CRF1	
  
baseline	
   CRF2	
  

MSC	
  II	
  

+1	
   +2	
   +3	
   +12	
  +5	
   +19	
  +7	
   +9	
  

CRF4	
  CRF3	
   CRF5	
  

+14	
  

CRF6	
  

+16	
  

CRF7	
   CRF8	
  

+21	
  

CRF9	
  

+28	
  

CRF10	
  

+35	
  

CRF11	
  

+42	
  

CRF12	
  

*	
  P	
  =	
  pentostaJn,	
  dose	
  1	
  mg/m2	
  
§	
  MSC	
  doses:	
  	
  

	
  a)	
  3	
  paJents	
  →	
  3	
  infusions	
  of	
  1x106	
  cells	
  /kg	
  
	
  b)	
  3	
  paJents	
  →	
  3	
  infusions	
  of	
  2x106	
  cells	
  /kg	
  
	
  c)	
  3	
  paJents	
  →	
  3	
  infusions	
  of	
  3x106	
  cells	
  /kg	
  

Courtesy	
  of	
  
	
  
M.	
  Introna	
  
and	
  A.	
  Rambaldi	
  



Inclusion	
  Criteria	
  

•  SR	
  grade	
  III-­‐IV	
  classic	
  acute	
  GvHD	
  occurring	
  within	
  100	
  days	
  	
  

•  SR	
  GvHD	
  is	
  defined	
  according	
  to	
  Pidala	
  and	
  Anase"	
  as	
  follows:	
  a)	
  progression	
  of	
  at	
  

least	
  1	
  overall	
  grade	
  within	
  3	
  days	
  of	
  opRmal	
  steroid	
  treatment;	
  b)	
  failure	
  to	
  

demonstrate	
  any	
  overall	
  grade	
  improvement	
  over	
  5	
  to	
  7	
  days;	
  c)	
  incomplete	
  response	
  

by	
  14	
  days	
  of	
  2	
  mg/kg/day	
  of	
  steroid	
  therapy	
  

•  Persistent,	
  recurrent,	
  or	
  late	
  acute	
  GvHD	
  (occurring	
  beyond	
  100	
  days)	
  

•  Overlap	
  syndrome	
  in	
  which	
  diagnosRc	
  or	
  disRncRve	
  features	
  of	
  cGvHD	
  and	
  acute	
  

GvHD	
  appear	
  together	
  

	
  

•  Exclusion	
  criteria:	
  	
  Inability	
  to	
  obtain	
  wrinen	
  informed	
  consent.	
  

UMBILICAL	
  CORD	
  DERIVED	
  MESENCHYMAL	
  STROMAL	
  CELLS	
  FOR	
  SEVERE	
  (GRADE	
  III-­‐IV)	
  
STEROID-­‐RESISTANT	
  GRAFT	
  VERSUS	
  HOST	
  DISEASE:	
  A	
  PHASE	
  I/II	
  TRIAL	
  

	
  
EudraCT	
  number	
  2012-­‐000582-­‐21	
  

ClinicalTrials.Gov	
  IdenJfier	
  NCT02032446	
  



InnovaJons	
  in	
  ECP	
  	
  

•  PhotodepleRon	
  (PD)	
  with	
  a	
  dibromorhodamine	
  
(TH9402)	
  photosensiRzer	
  in	
  lieu	
  of	
  8-­‐	
  methoxypsoralen	
  

•  PD	
  with	
  TH9402	
  	
  resulted	
  in	
  selecRve	
  eradicaRon	
  of	
  
endogenous	
  proliferaRng	
  Tcon	
  with	
  concomitant	
  
sparing	
  and	
  expansion	
  of	
  Treg.	
  	
  

•  This	
  resulted	
  in	
  a	
  higher	
  level	
  of	
  circulaRng	
  Tregs	
  in	
  
paRents	
  receiving	
  TH9402-­‐based	
  phototherapy*.	
  	
  

	
  

*BasRen	
  JP.	
  PhotodepleRon	
  differenRally	
  affects	
  CD41	
  Tregs	
  versus	
  CD41	
  effector	
  
T	
  cells	
  from	
  paRents	
  with	
  chronic	
  gra_-­‐versus-­‐host	
  disease.	
  Blood.	
  2010;	
  116(23):
4859-­‐4869.	
  



MAIN	
  TRIALS	
  WITH	
  ECP	
  IN	
  GVHD	
  
•  A	
  Randomized	
  Study	
  of	
  ECP	
  Therapy	
  With	
  UVADEX	
  for	
  Pts	
  With	
  Moderate/

Severe	
  cGVHD.	
  NCT01380535	
  
	
  	
  
•  ECP	
  for	
  Progressive	
  Bronchioli%s	
  Obliterans	
  Syndrome	
  in	
  Medicare-­‐Eligible	
  Recipients	
  of	
  

Lung	
  Allogra;s.	
  NCT02181257-­‐Prospec%ve	
  observa%onal*	
  

	
  

•  AddiRon	
  of	
  Etanercept	
  and	
  ECP	
  to	
  Standard	
  GVHD	
  Prophylaxis	
  in	
  
Stem	
  Cell	
  Transplant	
  NCT00639717*	
  

	
  
•  A	
  Randomized	
  Phase	
  II	
  Study	
  for	
  the	
  EvaluaRon	
  of	
  ECP	
  plus	
  

CorRcosteroids	
  for	
  IniRal	
  Treatment	
  of	
  aGVHD.	
  NCT00609609	
  

•  A	
  Phase	
  II	
  Trial	
  of	
  Low-­‐Dose	
  IL-­‐2	
  Added	
  to	
  ECP	
  for	
  SR-­‐cGVHD.	
  	
  NCT02340676	
  

	
  



 
•  Inhibition of CD26 impairs T cells migration across the endothelial 
barrier (Trends in Immunology 2008; 29:295) 

•  Inhibition of CD26 preserves pancreatic islet transplants in mice. 
Diabetes 2010; 59(7):1739-50 

CD26	
  and	
  T	
  cell	
  migraJon	
  

CD26 is highly expressed on T cells 
migrating through endothelial cell 

monolayers in vitro  
(J Immunol, 1992; 148: 1367) 

CD26	
  

CD26	
  

CD26	
  



45

23
16 16

75

11
3

11

0

10

20

30

40

50

60

70

80

Response Stable Progression Dead

%
 o

f p
at

ie
nt

s

control
Begelomab

	
  Response	
  and	
  outcome	
  on	
  day	
  +28	
  

P=0.006	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



CI
	
  tr
an
sp
la
nt
	
  m

or
ta
lit
y	
  

AnJ-­‐CD26	
  

53%	
  

26%	
  

26	
  paJents-­‐Transplant	
  period	
  :	
  
2004-­‐2009;	
  Age	
  44	
  	
  (18-­‐64)	
  
Disease	
  phase	
  >CR1	
  70%	
  
Acute	
  Leuk	
  10	
  (38%)	
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23	
  paJents-­‐Transplant	
  period	
  :	
  
2010-­‐2013;	
  Age	
  43	
  	
  (21-­‐63)	
  
Disease	
  phase	
  >CR1 	
  73%	
  

Acute	
  Leuk	
  13	
  	
  (46%)	
  

Historic	
  controls	
  

Courtesy	
  of	
  A.	
  Bacigalupo	
  
Unpublished	
  data	
  

2-­‐4.5	
  mg/m^2/day	
  
	
  x5	
  days	
  



1	
  year	
  TRM	
  in	
  SR	
  aGvHD	
  grade	
  	
  

Begelomab,	
  n=28	
  

controls,	
  n=82	
   60%	
  

28%	
  

P=	
  0.005	
  	
  

Courtesy	
  of	
  A.	
  Bacigalupo	
  
ASH	
  2016	
  

ClinicalTrials.	
  
gov	
  IdenJfier	
  
NCT02411084	
  

Randomized	
  Clinical	
  Study	
  to	
  
Compare	
  BEGEDINA	
  Vs	
  BAT	
  for	
  

SR-­‐aGVHD	
  in	
  adults;	
  	
  
Primary	
  EP:	
  ORR	
  at	
  day	
  28;	
  

NRM	
  at	
  6	
  months	
  
184	
  pts	
  to	
  be	
  randomized	
  

Recently	
  stopped	
  
afer	
  evaluaJng	
  
the	
  first	
  40	
  pts	
  

1	
  	
  	
  2	
  	
  	
  3	
  	
  	
  4	
  	
  	
  5	
  

2,	
  3,	
  4.5	
  mg/m^2	
  /day	
  
DOSE	
  
FINDING	
  

Study2, (EUDRACT 2012-001353-19) 

BEGEDINA	
  in	
  aGVHD	
  



	
  
	
  

6/6 patients exhibited clinical responses 
 within 7 – 10 days after start of TX 	
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A B S T R A C T
Steroid refractory acute graft-versus-host-disease of the gut is a serious complication associated with high
mortality after allogeneic stem cell transplantation. Treatment options are limited and not predictably effec-
tive. We describe the treatment of steroid-refractory acute graft-versus-host-disease with vedolizumab, an
antibody directed against integrin α4β7, in 6 patients. All patients responded, and 4 of 6 patients are alive
with a median follow-up of 10 months.

© 2017 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Acute graft-versus-host-disease (aGVHD) occurs in up to

50% of patients after allogeneic stem cell transplantation.
Grades III to IV GVHD is associated with poor outcome, with
a 70% to 90%mortality [1,2]. Severe intestinal involvement is
particularly difficult to treat and often leads to prolonged and
debilitating illness before death occurs. Treatment of steroid-
refractory or steroid-dependent aGVHD is notoriously difficult.
Second-and third-line treatments are less thanoptimallydocu-
mented, show erratic responses, and imply intensifying
systemic immunosuppression with the risk of death due to
infectious complications. There is an unmet need for new and
more effective therapies with predictable efficacies [1,3].

Vedolizumab, amonoclonal antibody targeting the homing
of T cells to the intestinal endothelium through inhibition of
binding of integrin α4β7 to mucosal addressin MadCAM-1,

is effective in inflammatory bowel disease [4-6]. Because it
is selective for receptors in the gut, it has not been associ-
ated with progressive multifocal leukencephalopathy, as is
the case with monoclonal antibodies also targeting T cell mi-
gration to the central nervous system [5].

aGVHD is an immunologically mediated disease in which
alloreactive donor T cells are central in the pathogenesis [7].
Expression of α4β7 on donor T cells has been shown to be im-
portant in the development of intestinal GVHD in mice [8,9].
Choi et al. [10] have reported that disruption of alloreactive
donor T cell trafficking to the target organs significantly reduces
GVHD in bothMHC fully-mismatched andminor-mismatched
allogeneic hematopoietic cell transplantationmodels. Thus, in-
hibition of α4β7, which is required for transendothelial
migration and access to the intestinal lymphoid system, could
be an attractive target for prevention or treatment of aGVHD.

The adhesion molecule MAdCAM-1 belongs to the im-
munoglobulin superfamily. It is constitutively expressed on
high endothelial venules of bothmesenteric lymph nodes and
Peyer’s patches (PPs) and postcapillary venules of the lamina
propria. PPs are essential in the development of antihost cy-
totoxic T cells causing intestinal aGVHD [11]. MAdCAM-1 is
the major ligand for α4β7 integrin and is the ligand for
L-selectin [12]. The expression level of α4β7 integrin is
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A B S T R A C T
Steroid refractory acute graft-versus-host-disease of the gut is a serious complication associated with high
mortality after allogeneic stem cell transplantation. Treatment options are limited and not predictably effec-
tive. We describe the treatment of steroid-refractory acute graft-versus-host-disease with vedolizumab, an
antibody directed against integrin α4β7, in 6 patients. All patients responded, and 4 of 6 patients are alive
with a median follow-up of 10 months.

© 2017 American Society for Blood and Marrow Transplantation.

INTRODUCTION
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A bs tr ac t

Background
Graft-versus-host disease (GVHD) is a major barrier to successful allogeneic hema-
topoietic stem-cell transplantation (HSCT). The chemokine receptor CCR5 appears 
to play a role in alloreactivity. We tested whether CCR5 blockade would be safe and 
limit GVHD in humans.

Methods
We tested the in vitro effect of the CCR5 antagonist maraviroc on lymphocyte func-
tion and chemotaxis. We then enrolled 38 high-risk patients in a single-group phase 
1 and 2 study of reduced-intensity allogeneic HSCT that combined maraviroc with 
standard GVHD prophylaxis.

Results
Maraviroc inhibited CCR5 internalization and lymphocyte chemotaxis in vitro with-
out impairing T-cell function or formation of hematopoietic-cell colonies. In 35 pa-
tients who could be evaluated, the cumulative incidence rate (±SE) of grade II to IV 
acute GVHD was low at 14.7±6.2% on day 100 and 23.6±7.4% on day 180. Acute 
liver and gut GVHD were not observed before day 100 and remained uncommon 
before day 180, resulting in a low cumulative incidence of grade III or IV GVHD on 
day 180 (5.9±4.1%). The 1-year rate of death that was not preceded by disease relapse 
was 11.7±5.6% without excessive rates of relapse or infection. Serum from patients 
receiving maraviroc prevented CCR5 internalization by CCL5 and blocked T-cell 
chemotaxis in vitro, providing evidence of antichemotactic activity.

Conclusions
In this study, inhibition of lymphocyte trafficking was a specific and potentially ef-
fective new strategy to prevent visceral acute GVHD. (Funded by Pfizer and others; 
ClinicalTrials.gov number, NCT00948753.)
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associated with a high risk of relapse. A subset 
analysis of patients with acute myeloid leukemia 
(AML) or the myelodysplastic syndromes and 
lymphoid cancers did not reveal any significant 
differences in relapse rates (data not shown). The 
estimated 2-year survival rate was 47.1±8.6%.

Inhibition of Lymphocyte Chemotaxis
To ensure that the antichemotactic effect of mara-
viroc was preserved in vivo, we tested the capac-
ity of serum from treated patients to inhibit CCR5 
internalization and chemotaxis. Serum samples 
from multiple time points during steady state on 
day 12 abrogated CCL5-induced internalization of 
CCR5 on normal donor T cells (Fig. 3A and 3C). 
As a control, we tested each patient’s serum at 60 
days (30 days after the last dose of maraviroc) and 
observed full recovery of CCL5-induced CCR5 in-
ternalization at that time point.
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Figure 2. Clinical Trial Outcomes of Acute GVHD, Moderate-to-Severe Chronic GVHD, and Organ-Specific Acute GVHD.

Shown are cumulative incidence plots of grade II to IV and grade III or IV acute GVHD (Panel A), moderate-to-severe 
chronic GVHD (Panel B), and organ-specific acute GVHD (in the skin, liver, and gut) (Panel C) in 35 patients under-
going reduced-intensity conditioned hematopoietic stem-cell transplantation with maraviroc added to standard 
GVHD prophylaxis.

Table 2. Cumulative Incidence of Graft-versus-Host 
Disease (GVHD).*

Variable Incidence

Day 100 Day 180 1 Year

percent

Acute GVHD

Grade II to IV 14.7±6.2 23.6±7.4 29.4±8.0

Grade III or IV 2.9±2.9 5.9±4.1 14.7±6.2

Liver 0 2.9±2.9 8.8±5.0

Gut 0 8.8±5.0 8.8±5.0

Skin 14.7±6.2 26.5±7.7 29.4±8.0

Chronic GVHD

Moderate-to-severe 0 2.9±3.0 23.6±7.5

* Plus–minus values are means ±SE.
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a b s t r a c t
Graft-versus-host-disease (GVHD) is a major obstacle to successful allogeneic hematopoietic cell trans-
plantation (alloHCT). Cannabidiol (CBD), a nonpsychotropic ingredient of Cannabis sativa, possesses potent
anti-inflammatory and immunosuppressive properties. We hypothesized that CBD may decrease GVHD
incidence and severity after alloHCT. We conducted a phase II study. GVHD prophylaxis consisted of cyclo-
sporine and a short course of methotrexate. Patients transplanted from an unrelated donor were given low-
dose antieT cell globulin. CBD 300 mg/day was given orally starting 7 days before transplantation until day
30. Forty-eight consecutive adult patients undergoing alloHCT were enrolled. Thirty-eight patients (79%) had
acute leukemia or myelodysplastic syndrome and 35 patients (73%) were given myeloablative conditioning.
The donor was either an HLA-identical sibling (n ¼ 28), a 10/10 matched unrelated donor (n ¼ 16), or a 1-
antigen-mismatched unrelated donor (n ¼ 4). The median follow-up was 16 months (range, 7 to 23). No
grades 3 to 4 toxicities were attributed to CBD. None of the patients developed acute GVHD while consuming
CBD. In an intention-to-treat analysis, we found that the cumulative incidence rates of grades II to IV and
grades III to IV acute GVHD by day 100 were 12.1% and 5%, respectively. Compared with 101 historical control
subjects given standard GVHD prophylaxis, the hazard ratio of developing grades II to IV acute GVHD among
subjects treated with CBD plus standard GVHD prophylaxis was .3 (P ¼ .0002). Rates of nonrelapse mortality
at 100 days and at 1 year after transplantation were 8.6% and 13.4%, respectively. Among patients surviving
more than 100 days, the cumulative incidences of moderate-to-severe chronic GVHD at 12 and 18 months
were 20% and 33%, respectively. The combination of CBD with standard GVHD prophylaxis is a safe and
promising strategy to reduce the incidence of acute GVHD. A randomized double-blind controlled study is
warranted. (clinicaltrials.gov: NCT01385124)
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INTRODUCTION
Despite prophylactic immunosuppressive treatment,

graft-versus-host disease (GVHD) remains a major cause of
morbidity and mortality after allogeneic hematopoietic cell
transplantation (alloHCT), affecting 30% to 50% of patients

transplanted from an HLA-matched sibling donor and 50%
to 70% of patients transplanted from an HLA-matched un-
related donor [1-4]. The ability to prevent GVHD is of
utmost importance, because treatment for established
GVHD remains suboptimal. In a survey, GVHD and its con-
sequences were the most important reason physicians were
reluctant to use transplantation [5]. Thus, developing
innovative strategies to prevent and treat GVHD is a major
unmet need.

Cannabis sativa, commonly known as marijuana, pos-
sesses a wide range of potent anti-inflammatory and
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Cumulative incidence rates of grades III to IV acute GVHD by
days 100 and 200 were 5% (95% CI, 1% to 45%) and 8% (95% CI,
2% to 51%), respectively (Figure 1).

Among patients surviving more than 100 days after
alloHCT (n ¼ 41), chronic GVHD occurred in 15 patients
(overlap, n ¼ 3; classic, n ¼ 12), with a median time to onset
of 159 days (range, 110 to 486). Chronic GVHD was classified
as mild, moderate, and severe in 7, 1, and 7 patients,
respectively. Notably, 6 of 7 patients with severe chronic
GVHD had moderate (score 2) lung involvement.

The cumulative incidence rates of overall and moderate-
to-severe chronic GVHD at 1 year were 49.7% (95% CI, 26%
to 65%) and 20% (95% CI, 5% to 52%), respectively (Figure 2).
The cumulative incidence rates of overall and moderate-to-
severe chronic GVHD at 18 months were 58% (95% CI, 36%
to 69%) and 33% (95% CI, 12% to 57%), respectively (Figure 2).

Comparison of Acute GVHD Incidence between Study and
Control Groups

There was no significant difference between subjects
treated with CBD and the historical control patients treated
at the RMC with respect to baseline characteristics and risk
factors for GVHD (Table 1). The cumulative incidence rates of
grades II to IV and grades III to IV acute GVHD by day 100
among the 101 historical control patients were 46% and 10%,
respectively. Compared with subjects given standard GVHD
prophylaxis, the hazard ratios of developing grades II to IV
and grades III to IV acute GVHD by day 100 among subjects
treated with CBD plus standard GVHD prophylaxis were .3
(95% CI, .2 to .6; P ¼ .0002) and .6 (95% CI, .2 to 1.8; P ¼ .3),
respectively. Nevertheless, this did not translate into statis-
tically significant difference in NRM at 12 months (13.4%
versus 20%, P¼ .95). Median time for developing acute GVHD
in the control group was 20 days (range, 9 to 137). The me-
dian time to onset of acute GVHDwas significantly shorter in

the control group compared with the CBD group (20 versus
60 days, P ¼ .001). Furthermore, the 2 groups differed
significantly with respect to organ-specific involvement by
acute GVHD as depicted in Table 2. Patients treated with CBD
had less often skin (P ¼ .0033), upper GIT (P ¼ .0057), and
lower GIT (P < .0001) involvement.

Infections and Transplantation Related Toxicities during
Aplasia

Seven patients (15%) had grades 3 to 4 mucositis, mostly
involving the upper GIT. Eight patients had microbiology
documented infections during aplasia (Escherichia coli
bacteremia, n ¼ 5; Pseudomonas bacteremia, n ¼ 1; Clos-
tridium difficileeassociated diarrhea, n ¼ 2). Of these pa-
tients, 1 patient had also Candida glabrata candidemia. One
of the patients with sepsis developed sinusoidal obstruction
syndrome. Another patient had fatal cardiac arrhythmia
associated with sinusoidal obstruction syndrome. By day 28,
8 of 47 patients at risk had cytomegalovirus (CMV) reac-
tivation; all were treated with pre-emptive valganciclovir. By
day 100, 12 additional patients of 44 at risk had CMV reac-
tivation. None of the patients developed CMV disease.

Relapse and Survival
Among the 16 patients who relapsed, 11 had high- or

very-high-risk disease according to the refined DRI for allo-
geneic stem cell transplantation [34] and 3 had acute
myeloid leukemia with FLT3-ITD mutation [35]. The cumu-
lative incidence of relapse at 1 year post-transplantationwas
41% (95% CI, 19% to 55%) (Figure 3). Outcomes were un-
changed when analyzed per-protocol. There were 3 early
nonrelapse deaths by day 28: 1 patient with refractory
angioimmunoblastic Tcell lymphoma and ongoing infections
at transplantation developed pseudomonas bacteremia, 1
patient with acute myeloid leukemia had polymicrobial
sepsis associated with sinusoidal obstruction syndrome, and
1 patient with refractory blastic natural killer cell lymphoma
had a fatal arrhythmia associatedwith sinusoidal obstruction
syndrome. There were 2 nonrelapse-related late deaths on
days 136 and 179, respectively, both due to sepsis associated
with grade IV late-onset acute GVHD as previously described.
In all, only 2 patients on an intention-to-treat analysis and 1
patient per-protocol analysis died from GVHD and its com-
plications. Cumulative incidence rates of NRM by day 100

Figure 2. Cumulative incidence of chronic GVHD. Figure 3. Cumulative incidence of relapse.

Figure 1. Cumulative incidence of acute GVHD.
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Key Points

• We report that ruxolitinib
reduces murine GVHD via
increased Treg numbers.

• We demonstrate the potent
activity of ruxolitinib treatment
in patients with corticosteroid-
refractory GVHD.

Graft-versus-host-disease (GVHD) is a severe complication of allogeneic hematopoietic

cell transplantation (allo-HCT) characterized by the production of high levels of

proinflammatory cytokines. Activated Janus kinases (JAKs) are required for T-effector

cell responses in different inflammatory diseases, and their blockade could potently

reduce acute GVHD.We observed that inhibition of JAK1/2 signaling resulted in reduced

proliferation of effector T cells and suppression of proinflammatory cytokine production

in response to alloantigen in mice. In vivo JAK 1/2 inhibition improved survival of mice

developing acute GVHD and reduced histopathological GVHD grading, serum levels of

proinflammatory cytokines, and expansion of alloreactive luc-transgenic T cells. Mech-

anistically, we could show that ruxolitinib impaired differentiation of CD41 T cells into

IFN-g– and IL17A-producing cells, and that both T-cell phenotypes are linked to GVHD. Conversely, ruxolitinib treatment in allo-HCT

recipients increased FoxP31 regulatory T cells, which are linked to immunologic tolerance. Based on these results, we treated

6 patients with steroid-refractory GVHD with ruxolitinib. All patients responded with respect to clinical GVHD symptoms and serum

levels of proinflammatory cytokines. In summary, ruxolitinib represents a novel targeted approach in GVHD by suppression of

proinflammatory signaling thatmediates tissue damage and by promotion of tolerogenic Treg cells. (Blood. 2014;123(24):3832-3842)

Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HCT) for
many patients with high-risk or relapsed hematologic malignancies
constitutes the only potentially curative treatment. However, acute
graft-versus-host disease (aGVHD) causes significant morbidity in
as much as 50% of recipients after allogeneic allo-HCT and accounts
for 15% to 30% of deaths.1 Patients who do not respond to cor-
ticosteroid therapy aremore likely to die ofGVHD than patients with
steroid-responsive GVHD.2,3

Ruxolitinib, a selective Janus kinase (JAK) 1/2 inhibitor, has
recently been approved for the treatment of myelofibrosis (MF) based
on the conception that in comparison with placebo or best available
treatment, therapy with ruxolitinib reduced spleen size and constitu-
tional symptoms and improved overall survival.4,5 Of note, clinical
responses in MF patients were independent of the JAK2 mutational
status, but were linked to suppression of increased serum levels of
proinflammatory cytokines such as IL-1, IL-6, tumor necrosis factor
(TNF)-a and interferon (IFN)-g.6 Proinflammatory cytokines such as
IL-1b,7 IL-6,8 or IFN-g9 are considered hallmarks of aGVHD and
have been linked to inflammation, tissue damage, and fibrosis. Thus
suppression of proinflammatory cytokines could potentially reduce
disease severity. Moreover, although most conventional immuno-
suppressive agents target T-cell function, ruxolitinib was shown to

impair differentiation, maturation, and cytokine production of den-
dritic cells (DCs),10 which may further increase its efficacy in GVHD.

Major T-cell activation events via type II cytokine receptors
are mediated by JAK 1, 2, and 3 kinases (eg, JAK1 is required for
responses to IFN-g and IL-6).11 When JAK kinases are activated,
signal proteins of the STAT family are phosphorylated and act as
transcription factors for target genes in the nucleus. In a murine
model of aGVHD, STAT1 and STAT3 in CD41 and CD81 T cells
were shown to be activated in an early stage of disease.12 If STAT1
was missing in donor splenocytes, clinical GVHD signs and the
disease-related mortality were significantly impaired, both in the
minor and major mismatch setting.13

Here we show that JAK1/2 inhibition by ruxolitinib potently
reduced aGVHD in mice and significantly prolonged survival,
even in an aggressive major mismatch model. Translating our
observation into the clinic, we observed potent reduction of
GVHD symptoms and serum cytokines in 6 patients with steroid-
refractory aGVHD and chronic GVHD (cGVHD). Based on the
well-characterized toxicity profile and the preclinical and clinical
efficacy of ruxolitinib in aGVHD, we propose JAK1/2 inhibition
as a new concept to interfere with this severe complication after
allo-HCT.
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many patients with high-risk or relapsed hematologic malignancies
constitutes the only potentially curative treatment. However, acute
graft-versus-host disease (aGVHD) causes significant morbidity in
as much as 50% of recipients after allogeneic allo-HCT and accounts
for 15% to 30% of deaths.1 Patients who do not respond to cor-
ticosteroid therapy aremore likely to die ofGVHD than patients with
steroid-responsive GVHD.2,3

Ruxolitinib, a selective Janus kinase (JAK) 1/2 inhibitor, has
recently been approved for the treatment of myelofibrosis (MF) based
on the conception that in comparison with placebo or best available
treatment, therapy with ruxolitinib reduced spleen size and constitu-
tional symptoms and improved overall survival.4,5 Of note, clinical
responses in MF patients were independent of the JAK2 mutational
status, but were linked to suppression of increased serum levels of
proinflammatory cytokines such as IL-1, IL-6, tumor necrosis factor
(TNF)-a and interferon (IFN)-g.6 Proinflammatory cytokines such as
IL-1b,7 IL-6,8 or IFN-g9 are considered hallmarks of aGVHD and
have been linked to inflammation, tissue damage, and fibrosis. Thus
suppression of proinflammatory cytokines could potentially reduce
disease severity. Moreover, although most conventional immuno-
suppressive agents target T-cell function, ruxolitinib was shown to

impair differentiation, maturation, and cytokine production of den-
dritic cells (DCs),10 which may further increase its efficacy in GVHD.

Major T-cell activation events via type II cytokine receptors
are mediated by JAK 1, 2, and 3 kinases (eg, JAK1 is required for
responses to IFN-g and IL-6).11 When JAK kinases are activated,
signal proteins of the STAT family are phosphorylated and act as
transcription factors for target genes in the nucleus. In a murine
model of aGVHD, STAT1 and STAT3 in CD41 and CD81 T cells
were shown to be activated in an early stage of disease.12 If STAT1
was missing in donor splenocytes, clinical GVHD signs and the
disease-related mortality were significantly impaired, both in the
minor and major mismatch setting.13

Here we show that JAK1/2 inhibition by ruxolitinib potently
reduced aGVHD in mice and significantly prolonged survival,
even in an aggressive major mismatch model. Translating our
observation into the clinic, we observed potent reduction of
GVHD symptoms and serum cytokines in 6 patients with steroid-
refractory aGVHD and chronic GVHD (cGVHD). Based on the
well-characterized toxicity profile and the preclinical and clinical
efficacy of ruxolitinib in aGVHD, we propose JAK1/2 inhibition
as a new concept to interfere with this severe complication after
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intestinal tract, the lungs and musculoskeletal tissues. In 29/41
(70.7%) of patients more than one organ system was involved. All
patients had moderate (n= 6/41, 14.6%) to severe (n= 35, 85.4%)
cGVHD. Most patients were beyond second-line treatment for
cGVHD, with a median number of 3 prior treatments (range: 1–10)

before ruxolitinib was administered (Supplementary Table 2). The
ORR was 85.4% (35/41), with 78% (32/41) PR and 7.3% (3/41) CR.
14.6% (6/41) of the patients showed no response. Responses to
ruxolitinib were not restricted to specific organ systems affected
by SR-cGVHD. The median time to response was 3 (1–25) weeks
after initiation of ruxolitinib treatment.

OS after ruxolitinib treatment for cGVHD
The 6-month survival estimate was 97.4% (92.3–100%, 95% CI)
for patients treated with ruxolitinib for SR-cGVHD (Figure 5a).

Figure 3. Inflammation related markers in the blood decrease upon ruxolitinib treatment. (a–c) CD3+HLA-DR+ cells, IL-6 and soluble IL-2R were
measured one day prior and 5–7 days after the start of ruxolitinib in the peripheral blood. The levels of these three parameters declined
significantly after ruxolitinib treatment when analyzed by the Wilcoxon matched-pairs signed rank test. The number of patients are indicated
in each graph.

Figure 4. Acute GVHD-relapse free and overall survival. (a) The
overall survival of all patients treated with ruxolitinib for acute GVHD
is displayed. (b) The cumulative incidence of acute GVHD-relapse is
displayed.

Figure 2. Skin and intestinal GVHD responds to ruxolitinib. (a) A
representative patient with cutaneous acute GVHD is shown prior
and 1 week after ruxolitinib. (b) A representative patient with
cutaneous chronic GVHD is shown prior and 3 weeks after
ruxolitinib. (c) Serial biopsies of the intestinal tract of a patient with
GVHD are displayed. Biopsies were taken 1 day before start of
ruxolitinib and 4 weeks after ruxolitinib had been started.
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The cumulative incidence of cGVHD relapse was low (Figure 5b).
GVHD relapsed in 5.7% (2/35) of ruxolitinib-responsive (CR or PR)
patients with cGVHD. The median follow-up was 22.4 (3–135)
weeks for cGVHD patients. One of the patients with cGVHD who
developed metastatic squamous cell carcinoma of the lung and
died of this disease.

Infections, toxicity and relapse under ruxolitinib treatment
Cytomegalovirus (CMV) reactivation was observed in both SR-
aGVHD (18/54, 33.3%) and SR-cGVHD (6/41, 14.6%) patients
(Table 2). CMV infection was controlled by antiviral therapy in all
patients, even though ruxolitinib therapy was continued, indicat-
ing that ruxolitinib treatment does not alleviate CMV treatment
response. One patient was diagnosed with CMV retinitis
that responded to valgancyclovir treatment. Overall, these
findings indicate that in patients treated with ruxolitinib for
GVHD, infectious surveillance is critical and particularly CMV needs
to be monitored carefully.
Cytopenias (anemia, leukopenia or thrombocytopenia) are a

known side effect of ruxolitinib8,25 and were also observed in our
SR-aGVHD (30/54, 55.5%) and SR-cGVHD (7/41, 17%) patients.
Severe cytopenia (grades 3 and 4) was found in 33.3% (18/54) and
7.3% (3/54) of patients (Table 2). However, cytopenias preceded
ruxolitinib treatment in 51.8% (28/54) and 14.6% (6/41) of the
patients with SR-aGVHD and SR-cGVHD, respectively (Table 2).
Relapse of the underlying malignancy occurred in 9.3% (5/54)

and 2.4% (1/41) of the patients with SR-aGVHD or SR-cGVHD,
respectively. One responding patient relapsed four weeks after
ruxolitinib had been discontinued. One non-responder relapsed

after ruxolitinib had been discontinued. The other four patients
were responders and still on ruxolitinib at the time of relapse.

DISCUSSION
During the past two decades, the number of patients undergoing
allo-HCT has more than doubled worldwide. GVHD remains the
major hurdle to improve allo-HCT outcome, and patients suffering
from SR-aGVHD are very likely to die,1–3 while cGVHD is associated
with a decreased quality of life. Although corticosteroids are the
established first-line treatment, there is no established second-line
treatment and response rates beyond first line are unsatisfactory.3

Our previous data indicated that ruxolitinib improves murine
aGVHD, and induced responses in six patients with SR-GVHD
treated with ruxolitinib.9 Further, our current preclinical data
indicate that cGVHD may be suppressed by ruxolinitib treatment.
To understand if ruxolitinib could have a role as a salvage therapy
for GVHD patients which failed to respond to corticosteroids, we
collected the data from multiple Stem Cell Transplantation Centers
in the US and Europe which had treated patients with ruxolitinib
for GVHD.
Patients had a median of three immunosuppressive treatments

before ruxolitinib for both acute and chronic GVHD. Despite this
heavily pre-treated population, the ORR was 81.5% (44/54) in
aGVHD including 25 CRs (46.3%). In cGVHD, the ORR was 85.4%
(35/41) with the majority of patients achieving a PR (78%).
The time to response was variable, with a maximum of 25 weeks
in a patient with cGVHD and a minimum of 1 week, indicating the
heterogeneous biology of SR-cGVHD in individual patients.
Responses were durable as shown by the long GVHD-relapse free
survival rates in both aGVHD and cGVHD patients.
Although controlled trials on ruxolitinib in GVHD versus

available second-line therapies have yet to be performed, our
data suggest that response rates of both SR-aGVHD and SR-cGVHD
to ruxolitinib were favorable compared with other second-line
GVHD therapies reported. As the retrospective analyses from
multiple centers could bias towards a selection of responding
patients we asked the centers to include any patient irrespective
of the response. The mTOR inhibitors sirolimus or everolimus are
frequently used as second-line treatment for aGVHD. Response
rates to mTOR inhibitors of 24–72% were reported in a phase 2
trial (21 patients) and in two retrospective analyses (22 and 34
patients).26–28 A frequently used agent for second-line treatment
of SR-aGVHD is MMF.5 The reported ORR to MMF range between
15 and 31%.29,30 The reported ORR of aGVHD to ECP range
between 47 and 65%.31–34 Antibodies against tumor necrosis
factor (etanercept, infliximab) are used as second-line agents for
SR-aGVHD with a wide range of ORR reported.35 ATG yielded
response rates ranging from 8 to 56% in SR-aGVHD.36,37 A
particular side effect of ATG was Epstein-Barr virus–associated

Figure 5. Chronic GVHD-relapse free and overall survival. (a) The
overall survival of all patients treated with ruxolitinib for chronic
GVHD is displayed. (b) The cumulative incidence of chronic GVHD-
relapse is displayed.

Table 2. Adverse events

Variable aGVHD(n= 54) cGVHD(n= 41)

% (Absolute
number)

% (Absolute
number)

CMV reactivation 33.3(18) 14.6(6)
Severe cytopenia (grades 3
and 4)

33.3(18) 7.3(3)

Mild cytopenia (grades 1
and 2)

22.2(12) 9.7(4)

Cytopenia before ruxolitinib 51.8(28) 14.6(6)
Malignancy relapse 9.2(5) 2.4(1)

Abbreviations: aGVHD, acute graft-versus-host disease; CMV, cytomegalo-
virus; cGVHD, chronic graft-versus-host disease.
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model.9 JAK1/2 signaling has been shown to be instrumental in
multiple steps leading to inflammation and tissue damage in
GVHD. A critical event involved in T-cell activation, lineage
commitment and survival is signaling through the common
gamma chain, a constituent of the receptor complexes for six
different interleukins (ILs): IL-2; IL-4; IL-7; IL-9; IL-15; and IL-21.10

Common gamma chain signaling occurs via JAK1 and we were
recently able to identify the common gamma chain as a potent
therapeutic target in aGVHD and cGVHD.11 Besides its role in
adaptive immune responses, JAK1/2 signaling was also reported
to have a central role in innate immunity, including activation of
neutrophils.12 Our group and others have shown an important
role for neutrophils in the pathogenesis of aGVHD.13,14 Further-
more, dendritic cells (DC) were shown to depend on JAK1/2
activation during differentiation and maturation,15 which may also
reduce priming of incoming donor T-cells by recipient DC after
allo-HCT. In addition to these preclinical findings, the JAK-inhibitor
tofacitinib was shown to have clinical efficacy in rheumatoid
arthritis16 and ulcerative colitis,17 supporting the concept of a
potent anti-inflammatory effect for JAK inhibition in patients. We
here report safety and response data to ruxolitinib salvage
treatment in patients suffering from either SR-cGVHD or SR-
aGVHD in a retrospective multicenter survey involving institutions
in Europe and the United States. We observed high response rates
(480%) and 6-month survival rates in both disease entities,
although the patients were heavily pre-treated and all had either
severe acute (grades III or IV) or chronic (moderate to severe)
GVHD. These findings may pave the way for a novel targeted
therapy approach in patients with this life-threatening complica-
tion after allo-HCT and sets the stage for future prospective testing
of this approach against other therapeutic modalities in SR-GVDH
in prospective clinical trials.

PATIENTS AND METHODS
Patients
Patients were recruited at the University Medical Centers of Freiburg,
Marburg, Basel, Munich, Essen, Bonn, Frankfurt, Cologne, Paris, Berlin,
Hamburg, Düsseldorf, Dresden, Würzburg, Stanford, Gothenburg, Nijme-
gen, Utrecht and Patras between January 2012 and April 2015. This cohort
was selected by including all patients that were reported to receive
ruxolitinib for aGVHD or cGVHD by the different centers and no reported
patient was excluded. In the different centers patients were informed of
the off-label use of ruxolitinib and gave their informed consent. Serum
sample collection and analysis were approved by the institutional Ethic
committee review board of the Freiburg University Medical Center.
Histological GVHD grading was performed on the basis of a published
staging system18 and clinical grading was according to criteria for aGVHD19

or cGVHD.20 The patients' characteristics are shown in Table 1. Transplant
characteristics including donor type, conditioning regimen, and immuno-
suppressive regimen used as prophylaxis for GVHD or as treatment, are
detailed for aGVHD or cGVHD in Supplementary Tables 1 and 2,
respectively.

Inclusion and exclusion criteria
Patients were included in this retrospective survey if they were treated
with ruxolitinib for GVHD that was refractory to corticosteroids given for at
least 1 week for aGVHD or 3 weeks for cGVHD based on previous
definitions for SR-aGVHD21 or SR-cGVHD.22 Initial treatment for cGVHD and
aGVHD for the majority of patients was prednisone at 1 mg/kg/day. For
cGVHD, the presence of at least one diagnostic clinical sign of cGVHD, or
the presence of at least one distinctive manifestation confirmed by
pertinent biopsy was used.20 aGVHD was defined according to previously
published criteria.19

Treatment and evaluation of response
The majority of patients was treated with ruxolitinib as an add-on
immunosuppression therapy at a dose of 5–10mg orally twice daily.
Evaluation of response was done for aGVHD according to previously

defined diagnostic criteria for aGVHD.19 In brief, treatment responses were
categorized as complete response (CR), partial response (PR) or treatment
failure. A CR to ruxolitinib was defined as the absence of any symptoms
related to GVHD. A PR was defined as the improvement of at least one
stage in the severity of aGVHD in one organ without deterioration in any
other organ. A response had to last for at least 3 weeks. Treatment failure
was defined by the absence of improvement of aGVHD, deterioration of
aGVHD in any organ by at least one stage, the development of aGVHD
manifestations in a previously unaffected organ, and the use of any
additional agents to control the disease. Patients were scored for their best
response at any time after starting treatment with ruxolitinib, with follow-
up censored at the onset of any subsequent systemic immunosuppressive
therapy.
In case of cGVHD, organ sites considered for GVHD scoring included

skin, mouth, eyes, intestinal tract, liver, lungs, joints and fascia and the
genital tract. Each organ or site was scored according to a 4-point scale
(0–3), with 0 representing no involvement and 3 reflecting severe
impairment.20 A CR to ruxolitinib was defined as the absence of any
symptoms related to cGVHD. PR of cGVHD was defined as the
discontinuation or long-lasting (4 weeks) reduction of all systemic
immunosuppressive therapy by at least 50%. Failure was defined as the
use of any additional agents to control GVHD once treatment with
ruxolitinib had started, including the resumption of agents used earlier or
an increase in the dose of any immunosuppressive treatment. Disconti-
nuation of treatment with ruxolitinib because of toxicity was not
considered a treatment failure. The duration of response was calculated
from the time of onset of response after initiation of treatment with
ruxolitinib until the end of the follow-up, GVHD-relapse, the development
of new or the deterioration of pre-existing GVHD symptoms, or the
reinstitution of any additional agents to control the disease.

Table 1. aGVHD and cGVHD patients characteristics

Variable aGVHD(n= 54) cGVHD
(n=41)

Patients age in years
median (range)

51 (21–75) 55 (22–74)

% (Absolute number) % (Absolute number)
Gender
Female 31.5 (17) 29.3 (12)
Male 68.5 (37) 70.7 (29)

Disease
AML 48.1 (26) 51.2 (21)
ALL 11.1 (6) —
MDS 9.2 (5) 7.3 (3)
NHL 7.4 (4) 7.3 (3)
MM 7.4 (4) 2.4 (1)
CMMoL 1.8 (1) 4.9 (2)
PMF 3.7 (2) 12.2 (5)
CLL 3.7 (2) 12.2 (5)
M. Hodgkin 1.8 (1) —
CML 1.8 (1) —
T-PLL 1.8 (1) —
HLH 1.8 (1) —
MPN (nonPMF)− — 2.4 (1)

CMV serostatus
R+/D− 24.1 (13) 21.9 (9)
R− /D− 27.8 (15) 41.5 (17)
All others 48.1 (26) 34.1 (14)

(Unknown in 1 pt)

Abbreviations: aGVHD, acute graft-versus-host disease; ALL, acute lympho-
blastic leukemia; AML, acute myeloid leukemia; CLL, chronic lymphoid
leukemia; CML, chronic myeloid leukemia; cGVHD, chronic graft-versus-
host disease; CMMoL, chronic myelomonocytic leukemia; HLH, Hemopha-
gocytic lymphohistiocytosis; MDS, Myelodysplastic syndrome; M. Hodgkin,
Hodgkin lymphoma; MM, multiple myeloma; MPN, myeloproliferative
neoplasms (excluding PMF); NHL, Non-Hodgkins lymphoma; PMF, primary
myelofibrosis; T-PLL, T-prolymphocytic leukemia; R+ recipient CMV
positive; R− recipient CMV negative; D− donor CMV negative.
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Ruxolitinib in corticosteroid-refractory graft-versus-host
disease after allogeneic stem cell transplantation:
a multicenter survey
R Zeiser1, A Burchert2, C Lengerke3, M Verbeek4, K Maas-Bauer1, SK Metzelder2, S Spoerl4, M Ditschkowski5, M Ecsedi3, K Sockel6,
F Ayuk7, S Ajib8, FS de Fontbrune9, I-K Na10, L Penter10, U Holtick11, D Wolf12, E Schuler13, E Meyer14, P Apostolova1, H Bertz1, R Marks1,
M Lübbert1, R Wäsch1, C Scheid11, F Stölzel6, R Ordemann6, G Bug8, G Kobbe13, R Negrin14, M Brune15, A Spyridonidis16,
A Schmitt-Gräff17, W van der Velden18, G Huls18, S Mielke19, GU Grigoleit19, J Kuball20, R Flynn21, G Ihorst22, J Du21, BR Blazar21,
R Arnold10, N Kröger7, J Passweg3, J Halter3, G Socié9, D Beelen5, C Peschel4, A Neubauer2, J Finke1, J Duyster1 and N von Bubnoff1

Despite major improvements in allogeneic hematopoietic cell transplantation over the past decades, corticosteroid-refractory (SR)
acute (a) and chronic (c) graft-versus-host disease (GVHD) cause high mortality. Preclinical evidence indicates the potent anti-
inflammatory properties of the JAK1/2 inhibitor ruxolitinib. In this retrospective survey, 19 stem cell transplant centers in Europe
and the United States reported outcome data from 95 patients who had received ruxolitinib as salvage therapy for SR-GVHD.
Patients were classified as having SR-aGVHD (n= 54, all grades III or IV) or SR-cGVHD (n= 41, all moderate or severe). The median
number of previous GVHD-therapies was 3 for both SR-aGVHD (1–7) and SR-cGVHD (1–10). The overall response rate was 81.5%
(44/54) in SR-aGVHD including 25 complete responses (46.3%), while for SR-cGVHD the ORR was 85.4% (35/41). Of those patients
responding to ruxolitinib, the rate of GVHD-relapse was 6.8% (3/44) and 5.7% (2/35) for SR-aGVHD and SR-cGVHD, respectively. The
6-month-survival was 79% (67.3–90.7%, 95% confidence interval (CI)) and 97.4% (92.3–100%, 95% CI) for SR-aGVHD and SR-cGVHD,
respectively. Cytopenia and cytomegalovirus-reactivation were observed during ruxolitinib treatment in both SR-aGVHD (30/54,
55.6% and 18/54, 33.3%) and SR-cGVHD (7/41, 17.1% and 6/41, 14.6%) patients. Ruxolitinib may constitute a promising
new treatment option for SR-aGVHD and SR-cGVHD that should be validated in a prospective trial.

Leukemia advance online publication, 21 August 2015; doi:10.1038/leu.2015.212

INTRODUCTION
The curative potential of allogeneic hematopoietic stem cell
transplantation (allo-HCT) is hampered by acute and chronic graft-
versus-host disease (GVHD). Despite prophylactic treatment with
immunosuppressive agents, 20–80% of recipients develop acute
GVHD (aGVHD). Corticosteroid-refractory GVHD (SR-GVHD) is
associated with a dismal outcome,1,2 with only 5–30% long-term
survival.3 Chronic GVHD (cGVHD) causes high morbidity, and is
associated with a significantly higher risk of treatment-related
mortality and inferior overall survival.4 Steroids currently represent
the gold-standard treatment for aGVHD based on prospective
randomized trials, whereas second-line therapy is based on data
from retrospective analyses, one phase III trial and uncontrolled

phase-II trials.3 Available second-line therapy approaches such as
cyclosporine A (CYA), sirolimus, tacrolimus, mycophenolate
mofetil (MMF), pentostatin, infliximab, daclizumab, alemtuzumab,
mesenchymal stroma cells (MSC), Anti-thymocyte globulin (ATG)
or extracorporal photopheresis (ECP) have shown some activity,
but none has been established as a standard salvage therapy for
SR-aGVHD, which is reflected in the non-uniform strategies in SR-
aGVHD applied by different transplant centers.5 For SR-cGVHD
second-line therapies are CYA, sirolimus, tacrolimus, MMF, ECP or
experimentally low-dose IL-2.6,7

We previously reported that ruxolitinib, a selective Janus kinase
(JAK) 1/2 inhibitor approved for the treatment of myelofibrosis,8

was effective for the treatment of GVHD in a murine aGVHD
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NCT02953678	
  
Phase	
  2	
  Study	
  of	
  RuxoliRnib	
  in	
  CombinaRon	
  With	
  
CorRcosteroids	
  for	
  the	
  Treatment	
  of	
  SR-­‐aGVHD	
  (REACH1)

	
  	
  

Randomized	
  phase	
  3.:	
  RuxoliRnib	
  Versus	
  Best	
  Available	
  
Therapy	
  in	
  PaRents	
  With	
  SR-­‐aGVHD	
  (REACH2)	
   NCT02913261	
  

PTCy	
  and	
  RuxoliRnib	
  GVHD	
  Prophylaxis	
  in	
  Myelofibrosis	
   NCT02806375	
  

RuxoliRnib	
  plus	
  CHT	
  Given	
  Before	
  and	
  Afer	
  Reduced	
  
Intensity	
  HSCT	
  in	
  Myelofibrosis	
   NCT02917096	
  

Randomized	
  Phase	
  3	
  Study	
  of	
  Itaci%nib	
  (JAK-­‐1	
  inhib)	
  Vs	
  
Placebo	
  plus	
  steroids	
  in	
  1st-­‐Line	
  Acute	
  GvHD	
   INCB	
  39110-­‐301	
  

Trials	
  with	
  JAK-­‐1/2	
  inhib.	
  in	
  aGVHD	
  



SelecJve	
  ROCK-­‐2	
  inhibiJon	
  
•  Down-­‐regulate	
  the	
  ability	
  of	
  T	
  cells	
  to	
  secrete	
  IL-­‐2/17	
  
•  Diminished	
  STAT3	
  phosphorilaRon	
  and	
  binding	
  to	
  IL-­‐17	
  and	
  IL-­‐21	
  

promoters	
  
•  Promotes	
  the	
  suppressive	
  funcRon	
  of	
  T	
  reg	
  through	
  up-­‐regulaRon	
  

of	
  STAT5	
  phosphorilaRon	
  and	
  posiRve	
  regulaRon	
  Foxp3	
  
	
  
•  KD025	
  has	
  a	
  strong	
  acJvity	
  in	
  blocking	
  the	
  ROCK-­‐2	
  PATH	
  

	
  
•  TargeJng	
  Rock2	
  with	
  KD025	
  may	
  restore	
  disrupted	
  immune	
  

homeostasis	
  

Flynn	
  R.,	
  Blood	
  2016	
  



Did	
  we	
  make	
  progression	
  in	
  treatment	
  
of	
  a	
  SR-­‐GVHD?	
  Summary…	
  

•  Several	
  Abs	
  are	
  effecRve	
  when	
  administered	
  during	
  the	
  
condiRoning	
  or	
  before	
  the	
  GVHD	
  clinical	
  onset	
  
(Rituximab,	
  anR-­‐IL2R).	
  

•  Alemtuzumab:	
  safe	
  and	
  effecRve	
  both	
  in	
  prevenRng	
  and	
  
treaRng	
  aGVHD	
  (in	
  pediatrics	
  and	
  in	
  GUT:	
  few	
  data).	
  

•  AnR-­‐CD26,	
  Vedolizumab,	
  Brentuximab	
  and	
  Tocilizumab:	
  
safe	
  profile	
  and	
  promising	
  acRvity,	
  but	
  sRll	
  preliminary	
  
results.	
  



..besides	
  anTbodies…	
  

•  Old	
  drugs:	
  MMF,	
  PentostaRn,	
  Rapamycin…:	
  no	
  clear	
  
evidence	
  of	
  long	
  term	
  benefit.	
  

•  New	
  drugs:	
  Maraviroc;	
  RuxoliRnib,	
  Bortezomib,	
  
Vorinostat:	
  promising	
  acRvity	
  	
  

•  Cell	
  therapy	
  (GMP	
  faciliJes	
  required!):	
  
	
  Tolerogenic	
  DC:	
  promising,	
  but	
  too	
  early	
  
	
  Expanded	
  T-­‐reg:	
  expensive;	
  maybe	
  beoer	
   	
  	
  
	
  expansion	
  with	
  an%-­‐DR3.	
  

Expanded	
  MSC:	
  safe;	
  efficacy	
  to	
  be	
  confirmed	
  
•  ECP:	
  safe	
  and	
  effec%ve	
  as	
  steroid-­‐sparing	
  strategy;	
  
no	
  clear	
  evidence	
  of	
  benefit	
  outside	
  the	
  skin.	
  

	
  
	
  



aGVHD	
  involvement	
  is	
  not	
  limited	
  to	
  	
  
skin,	
  GUT	
  and	
  liver……….	
  

the	
  list	
  of	
  poten%al	
  targets	
  includes	
  BM,	
  lungs,	
  CNS	
  and	
  
thymus….........	
  



Comparing	
  	
  kineJcs	
  of	
  T-­‐cell	
  acJvaJon	
  markers	
  and	
  
markers	
  of	
  endothelial	
  dysfuncJon	
  in	
  23	
  pts	
  with	
  

sensiJve	
  and	
  25	
  with	
  refractory	
  GVHD	
  
	
  

•  In	
  contrast	
  to	
  sensiJve	
  GVHD,	
  refractory	
  GVHD	
  was	
  
associated	
  with	
  rising	
  thrombomodulin	
  levels	
  and	
  high	
  
ANG2/	
  vascular	
  endothelial	
  derived	
  growth	
  factor	
  raJos.	
  	
  

•  Pts	
  with	
  refractory	
  GVHD	
  	
  had	
  significantly	
  increased	
  ANG2	
  
levels	
  already	
  before	
  SCT.	
  

These	
  results	
  suggest	
  that	
  endothelial	
  cell	
  vulnerability	
  and	
  
dysfuncJon,	
  rather	
  than	
  refractory	
  T-­‐cell	
  acJvity,	
  drives	
  

treatment	
  refractoriness	
  of	
  GVHD	
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