
The alloreactive potency of the hematopoietic stem cell graft provides 
powerful anticancer activity. Unfortunately, the potential for harm (by 
graft-versus-host disease [GVHD]) is often as strong as the potential for 
good. The measures used to control GVHD, such as steroids and antithy-
mocyte globulin, often seem like elephant guns causing similar harmful 
effects (toxicity and vulnerability for infection) as the GVHD itself, and 
they rob much of the anticancer effects of the donor graft. GVHD is indeed 
the thorniest problem of allogeneic hematopoietic cell transplantation 
(HCT). What can be done?

This issue contains a written adaptation of a symposium that addresses 
the topic of new strategies for GVHD. This symposium was presented at 
the 2007 BMT Tandem Meetings in Keystone, Colorado. Drs. Jacobsohn, 
Chen, and Chan describe a variety of opportunities to improve control 
of GVHD. As they note, the quest for GVHD control begins with donor 
selection. Manipulation of the conditioning regimen also holds promise. 
Stem cell graft engineering has taken on new life due to better under-
standing of how various cell populations function and interact and better 
techniques to characterize, isolate, and expand them by both ex vivo and 
in vivo tools. Finally, posttransplantation immunosuppressive regimens 
have historically been useful in reducing severe acute GVHD but have left 
unaffected chronic GVHD; now, new immunosuppressive agents are in 
clinical trials to test if they are more effective or provide safety advantages. 
Ultimately, exquisite engineering of the donor graft or staged infusions 
of specific cell populations may be necessary to optimize the beneficial 
immunotherapeutic effects of HCT. Alternatively, incremental progress in 
the multiple facets of the various elements of transplantation including 
donor selection, conditioning regimen, posttransplantation immunosup-
pressive regimens, and cellular engineering may get us what we need. 
GVHD has been the pesky fly in the ointment of HCT. 

For an ointment to be truly a healing unguent, impurities must not 
deter its use; for HCT to be more widely applied for human disease, seri-
ous complications such as GVHD must be better controlled.

Graft-versus-Host Disease:  
The Pesky Fly in the Ointment
John R. Wingard, MD, Editor
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2008 BMT TANDEM MEETINGS 
will Be FeB. 13-17 iN sAN DieGO

The combined 2008 annual meetings of ASBMT and the Center for 
international Blood and Marrow Transplant research (CiBMTr) will 
be February 13-17 at the Manchester Grand Hyatt Hotel in San Diego, 
California.

recent advances in the broad field of cellular therapy and blood and 
marrow transplantation will be addressed in plenary sessions, concur-
rent sessions, workshops, poster sessions and symposia. in addition 
to the program highlights listed below, 78 original abstracts will be 
selected for oral presentation.

wednesday, February 13
•  Graft versus leukemia 

Stanley Riddell, Warren Shlomchik, Michael Jensen
•  Summary of BMT State of the Science Symposium 

James Ferrara, Daniel Weisdorf, Mary Horowitz, Joseph Antin
•  Al Amyloidosis: the new, the old and the role of High-Dose 

Chemotherapy with Stem Cell Support 
Angela Dispenzieri, Raymond Comenzo, Giampaolo Merlin

•  Cancer Stem Cells 
Scott Armstrong, Richard Jones, Catriona Jamieson

•  Mortimer M. Bortin lecture 
John Goldman 

Thursday, February 14
•  Stem Cell interactions and Kinetics 

David Scadden, Willem Fibbe, Janis Abkowitz
•  Memory T-Cells  

Warren Shlomchik, Benny Chen, Stanley Riddell
•  Endothelial Biology and Transplant-related Complications 

Kenneth Cooke, Anne Janin, Vincent Ho
•  CiBMTr/EBMT Key Studies 

Sergio Giralt

Friday, February 15
•  Tolerance induction for Hematopoietic and Solid  

organ Graft Acceptance 
Christian Larsen, Yair Reisner, Bruce Blazar

•  Clinical Strategies to Enhance post-Transplant immune 
reconstitution 
Marcel van den Brink, Irwin Bernstein, Richard Boyd

•  Controversies in lymphoma 
Izidore Lossos, Ginna Laport, Peter Dreger

•  Selecting Donors and Cord Blood Units:  Evidence-Based 
Decisions (nMDp Session) 
Dennis Confer, Stephanie Lee, Naynesh Kamani

•  Best Abstracts Session
•  E. Donnall Thomas lecture 

John A. Hansen

saturday, February 16
•  Human polymorphism and the outcome of Therapy 

Stella M. Davies, Jeffrey Miller, Anne Dickinson
•  Mouse Models of BMT 

Geoff Hill, Robert Negrin, Pavan Reddy

•  T-Cell Therapy 
Helen Heslop, Frederik Falkenburg, John Barrett

•  Chronic GVHD: How Can We release prometheus? 
Paul Martin, Takanori Teshima, Thomas Wynn,  
Robert Soiffer

•  Stem Cells and regenerative Medicine 
Jan Nolta, Evan Snyder, Mariusz Ratajczak

sunday, February 17
•  Transplants for Acute leukemia 

Frederick Appelbaum, Stella Davies, Jacob Rowe
•  The Aging Stem Cell and its niche: implications for Stem Cell 

Function, Transplantation and Transformation 
Gary Van Zant, Lenhard Rudolph, James DeGregori

•  Graft Failure after Hematopoietic Stem Cell Transplantation 
Olle Ringdén, Rainer Storb, Jonas Mattsson

The scientific program chair for ASBMT is Marcel van den Brink, 
MD, phD, of Memorial Sloan-Kettering Cancer Center, and chair for the 
CiBMTr is Stella M. Davies, MD, phD, of Cincinnati Children’s Hospital.

RelATeD CONFeReNCes
in addition to the five days of scientific sessions for BMT clinicians 

and investigators, there will be six related conferences and courses:
•  Clinical research professionals/Data Management (Feb. 1�-14)
•  BMT Center Administrators (Feb. 13-14)
•  pediatric BMT (Feb. 14)
•  Transplant nursing (Feb. 15-17)
•  BMT pharmacists (Feb. 15-17)
•  BMT Center Medical Directors (Feb. 16)

eARly ReGisTRATiON
The early registration deadline is october 8. online meeting registra-

tion can be accessed at both the ASBMT Web site, www.asbmt.org, and the 
CiBMTr Web site, www.cibmtr.org. information is updated continuously.

ABsTRACT suBMissiON
Abstracts can be submitted for the BMT Tandem Meetings on either 

of the two Web sites. The deadline is october 8.

HOusiNG
lodging accommodations also can be accessed on either Web site.  

The housing deadline is January 11, 2008, after which accommodations 
are on a space-available basis.

BlOOD sTeM Cell TRANsPlANTs eXCeeD  
16,000 yeARly iN u.s.

Currently more than 16,000 hematopoietic stem cell transplants are  
performed annually in the United States, according to estimates from the 
Center for international Blood and Marrow Transplant research (CiBMTr).

Based on data submitted by participating transplant centers, the 
CiBMTr estimates that the numbers of transplants in 2005 were:

Autologous – 10,000
related allogeneic – 3,500
Unrelated allogeneic – 2,250
Cord blood – 550
Detailed information about transplant indications, recipient age, 

graft sources, transplant regimens and outcomes can be found on the 
CiBMTr Web site at www.cibmtr.org.
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Symposium report

Needs Assessment
Graft-versus-host disease (GVHD) is the 

leading cause of procedural-related morbidity 
and mortality in patients receiving allogeneic 
transplants. immunosuppressive agents are 
often administered following transplantation to 
decrease the incidence and severity of GVHD. 
This commonly includes corticosteroids and 
cyclosporin A or the macrolide FK506, which 
are designed to suppress donor T-cell function, 
coupled with methotrexate to inhibit T-cell 
proliferation. Current research efforts are focus-
ing on the development of more effective and 
less-toxic therapeutic options to reduce pro-
cedure-related morbidity and mortality. other 
strategies involve manipulation of the allograft 
to eliminate or anergize alloreactive cells or 
alternatively, to provide immunoregulatory 
cells that inhibit development of GVHD.

An increased understanding of the immune 
events that follow hematopoietic stem cell 
transplantation has resulted in the investiga-
tion of several agents capable of disrupting 
the GVHD cycle, including the use of purine 
analogs both in the treatment and prophylaxis 
of GVHD. investigations are ongoing to deter-
mine if such therapy will improve engraftment 
and reduce morbidity and mortality.

Target Audience 
This activity is intended for transplantation 

physicians and allied health professionals. 

learning Objectives 
•  Assess the major factors that contribute 

to the morbidity and mortality associated 
with GVHD in patients undergoing stem 
cell transplantation.

•  Based on results from recent clinical trials, 
discuss the efficacy of the novel strategies 
that are currently being investigated for the 
prevention and management of GVHD.

Accreditation statement 
The Medical College of Wisconsin is accred-

ited by the Accreditation Council for Continuing 
Medical Education to provide continuing medical 
education for physicians.

Designation of Credit
The Medical College of Wisconsin desig-

nates this educational activity for a maximum 
of 1.0 AMA PRA Category 1 Credit™. physicians 
should only claim credit commensurate with 
the extent of their participation in the activity. 

Disclaimer
This material has been prepared based on 

a review of multiple sources of information, 
but it is not exhaustive of the subject matter. 
participants are advised to critically appraise 
the information presented, and are encouraged 
to consult the above-mentioned resources as 
well as available literature on any product or 
device mentioned in this program. 

Disclosure of unlabeled uses
This educational activity may contain discus-

sion of published and/or investigational uses of 
agents that are not approved by the US Food and 
Drug Administration. For additional information 
about approved uses, including approved indica-
tions, contraindications, and warnings, please 
refer to the prescribing information for each prod-
uct, or consult the physician’s Desk reference. 
This presentation contains discussion of the off-
label use of ATG, daclizumab, denileukin diftitox, 
etanercept, infliximab, mycophenolate mofetil, 
pentostatin, rapamycin, rituximab, sirolimus, and 
tacrolimus.

Faculty Disclosure
Consistent with the current Accreditation 

Council for Continuing Medical Education policy, 
the provider must be able to show that everyone 
who is in a position to control the content of an 
individual educational activity has disclosed all rel-
evant financial relationships. The presenting faculty 
members have all made the proper disclosures, 
and the following relationships are relevant:

The faculty have declared the following 
relevant financial relationships:

Allen r. Chen, MD, phD, MHS: consultant 
for SuperGen; stockholder in Amgen.

Geoffrey W. Chan, MD: speaker for Therakos, 
ligand, SuperGen, and GlaxoSmithKline.

David A. Jacobsohn, MD: consultant and 
speaker for SuperGen. 

Current Advances in the Treatment of Acute and Chronic  
Graft-versus-Host Disease

Adapted from a continuing medical education symposium presented at the BMT Tandem Meetings on February 7, 2007, in Keystone, Colorado.  
This program is supported by an unrestricted educational grant from Hospira, inc. 

ASBMT

David A. Jacobsohn, MD (Chair) 
Assistant Professor of Pediatrics 

Northwestern University School of Medicine 
Director, Chronic Graft versus Host Disease 

Program 
Children’s Memorial Hospital 

Chicago, IL

Allen R. Chen, MD, PhD, MHS 
Director, Pediatric Bone Marrow 

Transplantation 
The Sidney Kimmel Comprehensive Cancer 

Center 
 Johns Hopkins Hospital 

 Baltimore, MD

Faculty

Geoffrey W. Chan, MD 
Director, Bone Marrow Transplant Registry 

Tufts-New England Medical Center 
Boston, MA
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ACuTe GvHD 

incidence/symptoms/Grading
Acute GVHD is a frequent complication 

of stem cell transplantation and donor lym-
phocyte infusions, usually occurring around 
the time of engraftment in myeloablative 
transplantations. The incidence of grade 2 to 
4 acute GVHD is approximately 35% among 
patients receiving stem cells from a human 
leukocyte antigen (HlA)-identical sibling 
donor [3,4]. GVHD occurs in 70% to 80% 
of patients following donor lymphocyte infu-
sion and its incidence is increased among 
older patients, patients receiving matched 
unrelated donor transplants, and patients 
positive for cytomegalovirus (CMV) [8-10]. 
The mortality for acute GVHD can be as high 
as 50% [11].

Acute GVHD affects the skin, gastrointes-
tinal tract, and liver. The stage of GVHD is 
determined by a system that quantifies the 
extent of skin involvement (rash), diarrhea, 
and serum bilirubin level [5]. After each organ 
system has been staged, the grade of GVHD 

can be determined by comparing the stage of 
disease in each organ to the Keystone criteria 
for grading (Table 1 [5]). The severity of acute 
GVHD correlates directly with survival [6]. 
However, patients with acute grade 1 GVHD 
have better survival than patients with no 
GVHD, presumably due to the graft-versus-
tumor effect (Figure 1 [6]). 

Pathogenesis
GVHD occurs when graft-derived donor 

T-cells recognize major histocompatibility 
(MHC) proteins and associated peptides on 
host-derived antigen-presenting cells. The 
pathophysiology of acute GVHD is complex 
and occurs in 3 phases [12]:

(1) injury to the host tissues environ-
ment, which causes release of inflammatory 
mediators and increased expression of HlA 
molecules and cell adhesion proteins;

(2) Activation of donor T-cells followed by 
their proliferation and differentiation;

(3) Cellular and inflammatory attack on 
host-target tissues.

The earliest phase of acute GVHD occurs 
prior to the infusion of donor cells and is due 

to the effects of the conditioning regimen. 
Clinical observations show that an enhanced 
risk of acute GVHD is associated with inten-
sive conditioning regimens [13,14]. These 
cause extensive damage to cell surfaces, caus-
ing release of inflammatory cytokines. The 
release of these cytokines induces increased 
expression of cell surface receptors [13]. 
The relationship between conditioning inten-
sity, inflammation, and GVHD severity has 
been confirmed by several murine models of 
GVHD [13,15].

The second phase of acute GVHD involves 
activation of donor T-cells followed by their 
proliferation and stimulation [13]. Adherence 
of donor-derived T-cells to MHC/peptide 
complexes on a recipient antigen-presenting 
cell induces activation of T-cell genes, such 
as nuclear factor-kappa B, resulting in T-cell 
proliferation and differentiation [16]. During 
this phase, some alloreactive T-cells may be 
deleted; however, activated T-cells escaping 
deletion will undergo differentiation that is 
characterized by secretion of cytokines and 
chemokines, particularly il-2, which may 
play an important role in the pathogenesis of 
acute GVHD. 

The final phase of acute GVHD involves 
a cellular and inflammatory attack on 
the host. initially, it was thought that the 
cytolytic action of cytotoxic T lymphocytes 
directly mediated most of the tissue dam-
age in GVHD. However, preclinical studies 
indicate that the situation is more com-
plex with large granular lymphocytes or 
natural killer cells also playing a role in the 
pathogenesis of acute GVHD [13,17,18]. 
Mononuclear phagocytes, which were 
primed in the second phase of the GVHD, 
secrete il-i and tumor necsosis factor alpha 
(TnF-α) in response to a second activa-
tor, which may be endotoxin [13]. These 
inflammatory cytokines can directly cause 
damage of host-derived tissue. in addition, 
T-cells can cause cytolysis directly through 
cell-to-cell contact, or indirectly through 
secretion of cytokines such as TnF-α.

iNTRODuCTiON
Approximately 8000 allogeneic bone mar-

row transplantations are performed annually 
in the United States; graft-versus-host dis-
ease (GVHD), which was first defined in the 
1950s, is a major hindrance to the success of 
these transplantations [1]. GVHD occurs in 
acute and chronic forms. Acute GVHD usu-

ally manifests within 20 to 40 days following 
transplantation. Chronic GVHD has a later 
onset and may develop as an extension of 
acute GVHD, following resolution of acute 
GVHD, or de novo [2]. of patients receiving 
allogeneic stem cell transplants, severe acute 
GVHD occurs in 9% to 35%, and chronic 
GVHD occurs in 40% to 50% [1,3,4]. The 

incidence of GVHD is increasing due to 
enlargement of the donor pool, including 
more transplants from unrelated and mis-
matched donors as well as more transplanta-
tions in older recipients [5]. Although GVHD 
is a source of significant morbidity and mor-
tality, mild acute and chronic GVHD are asso-
ciated with a beneficial antitumor effect [6,7].

Table 1. Recommended Staging and Grading of Acute Graft-versus-Host Disease [5]

	 Extent	of	Organ	Involvement
Stage	 Skin	 Liver	 Gut
I	 Rash	on	<25%	of	skin*	 Bilirubin	2-3	mg/dL†	 Diarrhea	>500	mL/day‡	or	persistent	nausea§
II	 Rash	on	25%	to	50%	of	skin	 Bilirubin	3-6	mg/dL	 Diarrhea	>1000	mL/day
III	 Rash	on	>50%	of	skin	 Bilirubin	6-15	mg/dL	 Diarrhea	>1500	mL/day
IV	 Generalized	erythroderma		 Bilirubin	>15	mg/dL	 Severe	abdominal	pain	with	or	without	ileus	
	 	 with	bullous	formation
Grade||
1	 Stage	I-II	 None	 None
2	 Stage	III	or	 Stage	I	or	 Stage	I
3	 —	 Stage	II-III	or	 Stage	II-IV
4¶	 Stage	IV	or	 Stage	IV	 —

*Use	“Rule	of	Nines”	or	burn	chart	to	determine	extent	of	rash.
†Range	given	as	total	bilirubin.	Downgrade	one	stage	if	an	additional	cause	of	elevated	bilirubin	has	been	documented.
‡Volume	of	diarrhea	applies	to	adults.	For	pediatric	patients,	the	volume	of	diarrhea	should	be	based	on	body	surface	area.	Gut	staging	criteria	for	
pediatric	patients	was	not	discussed	at	the	Consensus	Conference.	Downgrade	one	stage	if	an	additional	cause	of	diarrhea	has	been	documented.
§Persistent	nausea	with	histologic	evidence	of	graft-versus-host	disease	in	the	stomach	or	duodenum.
||Criteria	for	grading	given	as	minimum	degree	of	organ	involvement	required	to	confer	that	grade.
¶Grade	4	may	also	include	lesser	organ	involvement	but	with	extreme	decrease	in	performance	status.



Prevention of Acute GvHD

Current Standard of Care
HlA matching of the donor and recipient 

represents an effective means of preventing 
GVHD [19]. However, HlA-matched donors 
are not always available. Factors such as age 
and matching the sex of the donor and recipi-
ent also predict the risk of GVHD. The use of 
a young HlA-matched, sex-matched donor in 
a sterile environment can minimize GVHD. 
Unfortunately, perfect donors are not always 
available, so alternative means of preventing 
GVHD must be employed.

posttransplantation immunosuppressive 
therapy represents the most common form of 
drug-based prophylaxis in HlA-identical and 
unrelated donors [19]. Generally, the regimen 
consists of cyclosporine A (CsA; 1 mg/kg) 
along with a short course of methotrexate 
(MTX) [20]. Although higher doses of CsA 
are more effective at controlling GVHD, this 
benefit is offset by an increased frequency of 
leukemia relapse with high-dose CsA [21].

An alternative to CsA is the calcineurin 
inhibitor tacrolimus (FK506). recipients (n 
= 329) of HlA-identical sibling bone mar-
row transplants were randomized in a phase 
iii trial to receive a short course of MTX 
with tacrolimus or CsA [22]. The incidence 
of grade 2-4 acute GVHD was significantly 
lower in patients receiving tacrolimus (32% 
versus 44%; P = .01). Although the incidence 
of chronic GVHD was similar in both groups 
(56% versus 49%; P = .8), the development 
of severe chronic GVHD was more likely with 
CsA. patients treated with tacrolimus did 

have lower rates of 2-year disease-free sur-
vival (41% versus 51%) and overall survival 
(47% versus 57%) relative to patients treated 
with CsA; however, this was attributed to 
decreased survival of patients with advanced 
cancer–related disease. A second randomized 
phase iii trial (n = 180) compared CsA + MTX 
to tacrolimus + MTX [23]. patients receiving 
tacrolimus experienced a lower incidence of 
investigator assessed acute grade 2-4 GVHD 
relative to patients receiving CsA (56% ver-
sus 74%; P = .0002), but the risk of chronic 
GVHD was the same in both groups. Adverse 
events and the incidence of leukemia relapse 
were similar in both groups.

Experimental Treatments
reduced-intensity Conditioning regimens. 

Conditioning regimens prior to bone marrow 
transplantation have traditionally used high-
dose, myeloablative radiation and chemotherapy 
for maximal tumor reduction and immunosup-
pression in order to allow engraftment of stem 
cells [24]. These regimens have been associated 
with acute and chronic GVHD, as well as signifi-
cant toxicity, which has limited its use to younger, 
medically fit patients [25]. Consequently, inves-
tigators are developing reduced-intensity con-
ditioning regimens. These regimens are rela-
tively nontoxic and nonmyeloablative, or less 
myeloablative, than previous regimens, thus 
enabling unrelated donor transplantations for 
older or less medically fit patients. reduced-
intensity conditioning regimens have been based 
on various combinations of low-dose total body 
irradiation (TBi), low-dose thiopental, low-dose 
melphalan, fludarabine, cladribine, pentostatin, 

and cyclophosphamide and fludarabine (Table 
2 [25-33]) [25-28,34-37]. Disease control via 
the graft-versus-tumor effect is of utmost impor-
tance with these regimens [24]. However, older 
reduced-intensity conditioning regimens were 
associated with an incidence of grade 2-4 GVHD 
of 38% to 63%, whereas traditional conditioning 
regimens have yielded an acute GVHD incidence 
of 40% to 60% [25-28]. These data underscore 
the need for improved reduced-intensity condi-
tioning regimens that achieve a balance between 
maximizing the graft-versus-tumor effect and 
minimizing the incidence of GVHD.

lowsky and colleagues tested a strategy 
employing conditioning with anti–T-cell anti-
bodies and repeated low-dose irradiation [29]. 
patients with lymphoid malignancies or acute 
leukemia (n = 37) were conditioned with 10 
doses of total lymphoid irradiation (80 cGy 
each) plus anti-thymocyte globulin (ATG). 
These patients were then infused with HlA-
matched peripheral blood mononuclear cells 
from related or unrelated donors who received 
granulocyte colony-stimulating factor. of 37 
patients, 2 developed acute GVHD (grades 
1 and 3), a markedly lower rate than that 
achieved by previous reduced-intensity con-
ditioning regimens [25-28]. This regimen 
also demonstrated potent antitumor effects 
in patients with lymphoid malignancies, with 
75% of patients converted from partial to 
complete remissions following treatment. 
Complete remissions were maintained in 71% 
of patients for at least 425 days. 

purine analogs, such as fludarabine, have 
played a pivotal role in the development of 
conditioning regimens for stem cell transplan-
tations in patients with hematologic malig-
nancies [24]. These agents have immunosup-
pressive effects that include suppression of 
the activity and the amounts of B-, T-, and nK 
cells. Although fludarabine promotes engraft-
ment, studies have reported a significant inci-
dence of posttransplantation infection, as well 
as moderate to severe GVHD. pentostatin, 
another purine analog, has a unique mecha-
nism of action that includes reversible inhibi-
tion of adenosine deaminase [38]. Because 
B- and T-cells are exquisitely sensitive to inhi-
bition of adenosine deaminase, pentostatin 
treatment significantly reduces the number 
of B- and T-cells. indeed, this drug caused 
significant decreases in CD4+ and CD8+ 
B- and T-cells in patients with pentostatin-
treated hairy cell leukemia [39]. pentostatin 
also inhibits overall T- and nK cell function 
[40]. Because pentostatin prevented acute 
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Figure 1. survival by acute graft-versus-host disease grade. BMT indicates bone marrow 
transplantation. This figure was published in: Transplantation, volume 67. Nevo s, enger C, 
swan v, et al. Acute bleeding after allogeneic bone marrow transplantation: association with 
graft versus host disease and effect on survival. 681-689. Copyright elsevier 1999.



7

REVIEWSBlood and Marrow
TrAnSplAnTATion

ASBMT

GVHD in a mouse model of allogeneic bone 
marrow transplantation, several clinical tri-
als have studied its safety and efficacy as a 
component of reduced-intensity conditioning 
regimens [41].

Extracorporeal photopheresis (ECp) is a 
leukapheresis-based immunomodulatory 
procedure. The collected lymphocytes are 
mixed with heparin, saline, and 8-methoxy-
psoralen, which intercalates into the DnA 
of the lymphocytes, rendering these cells 
susceptible to apoptosis upon exposure to 
ultraviolet radiation. After the procedure, the 
lymphocytes are then returned to the patient 
[42,43]. Several reports have described the 
efficacy of a reduced-intensity conditioning 
regimen involving ECp, pentostatin, and TBi 
[31,32,44]. patients with myelodysplastic 
syndrome (n = 18) were treated with a con-
ditioning regimen consisting of ECp (days –7 
and –6), pentostatin (4 mg/m2 by continuous 
infusion on days –5 and –4), and TBi (600 
cGy in 3 fractions on days –3 and –2) fol-
lowed by allogeneic stem cell transplantation 
from 6/6 or 5/6 HlA-matched related donors 
or 6/6 HlA-matched unrelated donors. CsA 
and a short course of MTX were administered. 
Eighty-nine percent (16/18) of patients devel-
oped full donor chimerism, and there was 
no transplantation-related mortality by day 
+100. The incidence of grade 2-4 acute GVHD 
was 19%, whereas the incidence of extensive 
chronic GVHD was 18%. The 1-year failure-
free and overall survival rates were 64% and 
65%, respectively, at a median follow-up 
time of 14 months [37]. The same regi-
men was studied in a different cohort of 19 
patients (median age, 49 years) with relapsed 
or refractory acute myelogenous leukemia, 
who were ineligible for standard allogeneic 
transplantation. CsA (continuous infusion), 

MTX (days +1 and +3), and mycophenolate 
mofetil (MMF, to 1 year) were administered. 
At a mean follow-up of 9 months, 74% of 
patients obtained full donor engraftment, but 
5 patients died prior to engraftment due to 
sepsis (n = 2) or disease progression (n = 3). 
The incidence of grade 2-4 acute GVHD was 
21% (n = 3) [31]. 

Subsequent clinical trials examined the 
efficacy of the ECp/pentostatin/low-dose TBi 
regimen in larger groups of patients [32]. A 
group of 55 patients with various malignant 
hematologic disorders, who were at high risk 
or ineligible for conventional allogeneic trans-
plantation, were treated with the novel pento-
statin-containing regimen with CsA and MTX. 
Full donor chimerism was achieved in 98% of 
the patients by day +100. The 1- and 2-year 
overall survival and event-free survival rates 
were 67%, 58%, 55%, and 47%, respectively. 
Grade 2-4 acute GVHD developed in 9% of 
patients, whereas the incidence of chronic 
GVHD was 43% (extensive chronic GVHD = 
12%; limited GVHD = 31%). of the engrafting 
patients, 72% had a complete response and 
14% experienced a partial response. These 
results were confirmed in a cohort of 106 
patients with various malignancies, who also 
underwent the reduced-intensity ECp/pento-
statin/TBi conditioning regimen [33]. These 
patients received fluoroquinolone prophylaxis 
until neutrophil engraftment. During the first 
100 days following transplantation, grade 2-4 
acute GVHD occurred in 19% of patients, and 
3 patients died from sepsis. 

Host dendritic cells present antigens to 
donor T-cells, thus initiating GVHD [44]. 
Because the effect of conditioning regimens 
on dendritic cells is unknown, this was exam-
ined in 17 patients with various hematologi-
cal malignancies who were undergoing stem 

cell transplantations. patients underwent a 
traditional conditioning regimen consisting 
of cyclophosphamide (120 mg/kg) and TBi 
(1200 cGy) (n = 8) or a reduced-intensity 
conditioning regimen consisting of ECp (×2 
days), pentostatin (8 mg/m2 by continuous 
infusion for 48 hours), and TBi (600 cGy) (n 
= 9) followed by allogeneic stem cell trans-
plantation from fully matched related, fully 
matched unrelated, or 7/8 Dr-mismatched 
unrelated donors. Both preparative regimens 
decreased all 3 types of dendritic cells pre-
transplantation. Based on the risk factors of 
the study populations that were described 
above, the expected incidence of serious 
acute GVHD disease would be 40%; how-
ever, the incidence of serious acute GVHD 
in the reduced-intensity regimen ranged 
from 9% to 21% [31-33,44]. As such, the 
ECp/pentostatin/low-dose TBi regimen may 
represent a considerable improvement over 
previous low-dose conditioning regimens.

Experimental Drug Therapy. Sirolimus 
(rapamycin) is a macrolide with antifungal, 
antitumor, and immunosuppressive activi-
ties [45]. A phase ii clinical trial studied the 
safety and efficacy of adding sirolimus to 
tacrolimus and low-dose MTX for preven-
tion of GVHD in mismatched related donor 
or unrelated donor transplantation (n = 41) 
[46]. in this cohort, grade 0-1, 2, 3, and 4 
acute GVHD occurred in 75%, 13%, 8%, 
and 5% of patients, respectively. The median 
survival was 366 days and the 1-year actu-
arial survival was 52%. This rate of acute 
GVHD in this study was low compared to 
historical data. 

A subsequent study evaluated a siroli-
mus/tacrolimus combination in a MTX-free 
preventative regimen in a cohort of patients 
undergoing myeloablative allogeneic stem cell 

Table 2. Incidence of Acute and Chronic Graft-versus-Host Disease (GVHD) with Reduced-Intensity Regimens*

Study	 Regimen	 N	 Full	Donor	Engraftment	 Acute	GVHD	(grades	2-4)	 Overall	Survival	 Chronic	GVHD	(all)

Slavin	1998	[26]	 Flu/Bu/ATG	 26	 100%	 38%	 81%	 15%
Giralt	2001	[27]	 Clad/Mel	 8	 100%	 49%	 23%	 68%
	 Flu/Mel	 78	 100%
McSweeney	2001	[28]	 200	cGy	TBI	 45	 14%	 47%	 55%	 51%
Niederwieser	2003	[25]	 Flu/TBI	 52	 88%	 63%	 25%	 30%	required	systemic	therapy
Lowsky	2005	[29]	 TBI/ATG	 37	 Not	reported	 3%	 72%	at	>222	d	 22%
Kottaridis	2000	[30]	 Flu/Mel/Alem	 43	 98%	 0%	 73.2%	at	9	mo	 2.3%
Chan	2003	[37]	 ECP/Pento/TBI	(MDS)	 18	 89%	 19%	 65%	at	1	y	 50%
Chan	2003	[31]	 ECP/Pento/TBI	(AML)	 19	 74%	 21%	 38%	at	1	y	 40%
Miller	2004	[32]	 ECP/Pento/TBI	 55	 98%	 9%	 67%	at	1	y	 43%
Chan	2004	[33]	 ECP/Pento/TBI	 106	 Not	reported	 19%	 Not	reported	 Not	reported

*Flu	indicates	fludarabine;	Bu,	busulfan;	ATG,	anti-thymocyte	globulin;	clad,	cladribine;	Mel,	melphalan;	TBI,	total	body	irradiation;	Alem,	alemtuzumab;	ECP,	extracorporeal	photopheresis;	Pento,	pentostatin;	MDS,	myelodys-
plastic	syndrome;	AML,	acute	myelogenous	leukemia.	



�

REVIEWSBlood and Marrow
TrAnSplAnTATion

ASBMT

transplantation from matched (n = 53) and 
unrelated (n = 30) donors [47]. The median 
time to neutrophil and platelet engraftment 
was 14 days and 12 days, respectively. The 
incidence of grade 2-4 and 3-4 acute GVHD 
was 20.5% and 4.8%, respectively, and the 
overall incidence of chronic GVHD was 
59.1%. The authors concluded that replace-
ment of MTX with sirolimus was associated 
with rapid engraftment and low incidence of 
acute GVHD with minimal toxicity. A later 
study suggested that sirolimus-based pro-
phylaxis prevented against CMV reactivation 
following allogeneic hematopoeitic stem cell 
transplantation [48].

MMF is a selective inhibitor of the type 
2 isoform of inosine monophosphate dehy-
drogenase, which is expressed in activated 
B- and T-lymphocytes [49]. A randomized 
trial compared CsA + MTX to CsA + MMF 
in a myeloablative allogeneic regimen in 
6/6 matched sibling bone transplantation. 
patients receiving MMF (n = 21) experi-
enced significantly less severe mucositus 
than the group receiving MTX (n = 19) 
(21% versus 65%; P = .008) and the median 
time to neutrophil engraftment was shorter 
in the MMF group (11 days versus 18 days; 
P < .001). The incidence of acute GVHD 
was not significantly different between the 
treatments, but the reduced toxicity in the 
MMF group led to premature study closure 
[50]. A separate study confirmed that the 
MTX + CsA regimen and MMF + CsA regi-
men had similar efficacy in preventing acute 
GVHD [51].

A phase i/ii trial investigated the incor-
poration of pentostatin into the standard 
tacrolimus- and MTX-containing regimen 
used to prevent acute GVHD in patients with 
leukemias and lymphomas [52]. patients (n = 
73; median age, 45 years) who received unre-
lated and mismatched related stem cell trans-
plants were randomized to prophylaxis with 
tacrolimus and mini-MTX (control) or the 
same regimen with 1 of several pentostatin 
doses (0.5 mg/m2, 1 mg/m2, 1.5 mg/m2, or 2 
mg/m2 on days 8, 15, 22, and 30 with omis-
sion of MTX on day 11). pentostatin did not 
delay engraftment. The incidences of grade 
2/4 and grade 3/4 acute GVHD were 47% 
and 20% at 0 mg/m2, 44% and 33% at 0.5 
mg/m2, 63% and 27% at 1 mg/m2, 29% and 
10% at 1.5 mg/m2, and 50% and 10% at 2 
mg/m2, respectively. A preliminary analysis 
of the data showed that pentostatin (1.5 
mg/m2) may reduce the rate of acute GVHD 
(probability that 1.5 mg/m2 is better than 

control = 0.9341). pentostatin did not cause 
a significant delay in neutrophil and platelet 
engraftment, nor was there a difference in the 
incidence of fungal, bacterial, or CMV infec-
tion/reactivation.

T-Cell Depletion. The pathophysiology of 
acute GVHD provides a rationale for pre-
ventative regimens that involve T-cell deple-
tion. The ex vivo removal of T-cells from 
the stem cell suspension was popular in 
the 1980s. However, its use has declined 
because survival, disease-free survival, and 
transplantation-related mortality were not 
reduced compared with standard treatments 
in patients receiving HlA-matched grafts 
[19]. However, ex vivo T-cell depletion is 
essential in the 3 loci mismatched transplan-
tation setting [19,53].

T-cells may also be removed using in vivo 
approaches. ATGs and anti-lymphocyte glob-
ulins (AlGs) have been used for many years 
in the hematopoietic stem cell transplantation 
setting. The rationale behind depleting T-cells 
with antibodies that are administered in vivo 
is reducing the host immune response, which 
favors engraftment and the down-regulation 
of donor T-cells [19,54]. randomized clinical 
trials have tested the hypothesis that AlG/
ATG would prevent GVHD. HlA-identical 
sibling transplant recipients were random-
ized to receive MTX alone or MTX, AlG, and 
prednisone. The incidence of acute GVHD 
was reduced in patients receiving MTX + AlG 
+ prednisone compared to MTX (21% versus 
48%, P = .01) [55]. A later clinical trial showed 
that ATG administered in the conditioning 
regimen of unrelated donor recipients sig-
nificantly reduced the risk of developing grade 
3/4 acute GVHD. However, there was a greater 
risk of lethal infections in patients receiving 
15 mg/kg ATG [56]. When this study was 
updated, the results demonstrated that ATG 
provided significant protection against acute 
and chronic GVHD while shortening the time 
for termination of immunosuppression and 
improving quality of life [57].

Monoclonal Antibodies. CD25 is an activa-
tion antigen that is expressed on alloactivated 
T-cells, so agents targeting this receptor could 
potentially eliminate alloactivated T-cells 
without compromising engraftment. patients 
received standard CSA + MTX prophylaxis 
with 4 infusions of anti-CD25 after stem 
cell transplantation from matched unrelated 
donors [58]. Unexpectedly, the incidence of 
acute GVHD was greater in the antibody-
treated group (40% versus 24%) compared 
to matched historical controls. it is possible 

that the CsA blocked the induction of CD25, 
which have protected alloactivated T-cells 
while damaging CD25+ T-regulatory cells, 
thus permitting GVHD. 

First-line Treatment of Acute GvHD

Current Standard of Care
Corticosteroids are the current standard 

of care for front-line therapy of acute GVHD. 
in a retrospective analysis of 443 patients 
with acute GVHD who received steroids, the 
overall response rate was 55% [59]. primary 
treatment generally consists of prednisone or 
methylprednisone (2 mg/kg per day intrave-
nously [iV]) for 5 or 7 days. The steroid dose 
is then tapered in responding patients starting 
on day 7 [19]. A 5-day course of corticoste-
roids is sufficient to identify steroid-refractory 
acute GVHD. nonresponders should receive 
second-line therapy. 

Experimental Treatments
Clinical trials investigating frontline ther-

apy for acute GVHD generally focus on adding 
new agents to steroid-containing treatment 
regimens. Clinical trials have tested the addi-
tion of ATG, various monoclonal antibodies, 
immunotoxins against cell surface receptors, 
and MMF to corticosteroids but these did not 
seem to offer a clear advantage [60-64]. The 
results obtained with ECp have been conflict-
ing [65-67].

recently, regimens combining steroids 
with daclizumab or ex vivo cultured mesen-
chymal stem cells (MSC) have been investi-
gated. Daclizumab worsened 100-day survival 
relative to the corticosteroid-alone group, so 
the trial was prematurely terminated [68]. 
Another study tested the safety and efficacy 
of adding ex vivo cultured MSCs derived 
from unrelated donors to conventional ste-
roid therapy in patients (n = 32) with newly 
diagnosed grade 2-4 acute GVHD [69]. The 
initial response rate was 90%; there were 19 
complete responses and 7 partial responses. 
However, 9 (31%) patients required a second-
line agent to control their disease. There were 
no infusional toxicities, but there was 1 case of 
atrial fibrillation following MSC infusion.

second-line Treatment of Acute 
GvHD

Current Standard of Care
patients who do not respond to front-line 

steroid therapy are generally treated with 
high-dose steroids [19]. if there is a response 
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within 3 to 5 days, the dose is lowered to 
2 mg/kg per day and the patient is treated in a 
manner similar to individuals who responded 
to low-dose steroid therapy. potential second-
line treatments include ATG, cyclosporine, 
tacrolimus, and MMF [70-72].

However, in studies, <60% of steroid refrac-
tory patients respond to second-line treatment 
[73,74]. Clearly, better treatments are needed 
for steroid-refractory acute GVHD.

Experimental Treatments
ECP. ECp as a component of low-inten-

sity conditioning regimens has been used 
somewhat successfully for acute GVHD pro-
phylaxis [31,37]. A phase ii study evaluated 
the efficacy of ECp in a cohort of 21 patients 
with steroid-refractory acute GVHD follow-
ing stem cell transplantations from siblings 
or unrelated donors [66]. Sixty percent of 
patients achieved a complete response 3 
months following initiation of treatment. 
Complete responses were achieved in 100%, 
67%, and 12% of patients with grade 2, 
grade 3, and grade 4 disease, respectively. At 
a median follow-up time of 25 months, 57% 
of patients were still alive. A second phase ii 
study reported complete responses in 82% 
of patients with cutaneous involvement, 61% 
of patients with liver involvement, and 61% 
of patients with gut involvement. The prob-
ability of survival in complete responders 
was 59% compared to 11% in noncomplete 
responders [75].

IL-� and TNF-Targeting Agents. 
Daclizumab has also been tested in the 
treatment of steroid-refractory acute GVHD. 

A phase ii trial tested daclizumab in 2 
cohorts of patients (n = 24, n = 19) with 
advanced or steroid-refractory GVHD. in 
the second cohort of patients, who received 
an additional dose of daclizumab relative 
to the first cohort of patients, the com-
plete response rate on day 43 was 47% 
and survival on day 120 was 53% [76]. A 
multi-center randomized phase iii clinical 
trial tested daclizumab in 102 patients who 
were being treated with methylprednisone 
[68]. This study was halted because the 
daclizumab-treated patients experienced a 
significantly worse 100-day survival than 
the control arm (77% versus 94%; P = .02). 
The 1-year overall survival was also worse 
in the daclizumab arm (29% versus 60%; P 
= .002). This poorer survival was attributed 
to relapse and infection. When patients with 
low-grade steroid-refractory GVHD were 
treated with daclizumab in a later phase ii 
trial conducted in France (n = 62), the com-
plete response rate was 69% with a 55% 4-
year survival. A response to daclizumab was 
associated with fewer involved organs and a 
lower extent of skin involvement [77].

infliximab is a humanized monoclonal 
antibody that binds to mature TnF-α and 
its membrane-bound precursors. infliximab 
(10 mg/kg once weekly for at least 4 doses) 
was evaluated as a single agent in a cohort 
of 21 patients with steroid-refractory acute 
GVHD who had been receiving tacroli-
mus and corticosteroids [78]. The overall 
response rate was 67% with 13 complete 
responders (62%) and 5 nonresponders 
(24%). overall survival was estimated to 

be 38%. However, 10 patients had fungal 
infections and 17 patients had bacterial 
infections. A second phase ii clinical trial 
reported that 59% (19/32) of patients with 
steroid-refractory acute GVHD responded 
to infliximab with 6 (19%) complete 
responders and 13 (40%) partial respond-
ers [79]. There were infectious episodes in 
72% of the patients. The use of infliximab 
was associated with an increased risk of 
non-Candida invasive fungal infections in 
a third cohort of patients (hazard ratio = 
13.6; P = .004; 95% confidence interval = 
2.29-80.2) [80]. 

Another clinical trial investigated the effi-
cacy of daclizumab alone or in combina-
tion with infliximab/ATG in a cohort of 12 
patients with steroid-refractory acute GVHD 
[81]. These patients received very aggres-
sive antibacterial and aspergillus prophylaxis 
combined with a rapid steroid taper. This regi-
men produced a complete response in 100% 
(12/12) of the subjects, with survival rates of 
100% and 73% at days 100 and 200, respec-
tively. There was no fungal disease reported. 
The incidences of viral respiratory infections 
and CMV reactivation were 42% and 87%, 
respectively.

Etanercept is a soluble TnF-α receptor 
fusion protein that binds to soluble TnF-α, 
thereby preventing it from binding to and 
activating its cell surface receptor. A phase 
ii clinical trial combined daclizumab and 
etanercept for treatment of steroid-refractory 
acute GVHD in a cohort of 21 patients [82]. 
The overall response rate was 67%. Twenty 
percent of patients were still alive at a median 

Table 3. Therapy for Steroid-Refractory Acute Graft-versus-Host Disease (Extracorporeal Photopheresis [ECP] and Biologics)*

	 Study	 Treatment	 Phase	 N	 Response	 Overall	Survival	(OS)	 Adverse	Event

Greinix	2000	[66]	 ECP	 II	 21	 CR:	100%	grade	2,	67%	grade	3,	12%	grade	4	 57%,	25	mo	 Decreased	peripheral	blood	counts
Greinix	2006	[75]	 ECP	 II	 59	 CR:	82%	cutaneous,	61%	liver,	61%	gut	 47%,	4	y	 Not	reported
Ringden	2006	[83]	 MSCs	 Not	reported	 8	 CR:	75%	 63%,	2	mo	to	3	y	 CMV	gastroenteritis
Anasetti	1994	[84]	 Daclizumab	 I/II	 20	 OS:	40%,	CR:	25%	 Median	survival	76	d	 Chills,	diaphoresis
Przepiorka	2000	[76]	 Daclizumab	 II	 19	 CR:	47%	 53%,	day	53	 No	serious	events
Bordigoni	2006	[77]	 Daclizumab	 II	 62	 CR:	69%,	PR:	90%	 EFS	55%,	4	y	 Infections
Lee	2004	[68]	 Steroids	±		 III	 102	 ORR:	51%	versus	53%	(control)	 29%	versus	60%		 Study	halted	due	to
	 	daclizumab	 	 	 	 	(control),	1	y	 	inferior	survival
Couriel	2004	[78]	 Infliximab	 II	 21	 ORR:	67%	(CR:	62%)	 38%	 Infections
Patriarca	2004	[79]	 Infliximab	 II	 32	 ORR:	59%	(CR:	19%)	 68%	of	responders		 Infections
	 	 	 	 	 	alive	at	630	d
Srinivasan	2004	[81]	 Daclizumab	± 	 Not	reported	 12	 CR:	100%	 73%,	day	200	 Bacteremia	
	 	Infliximab/ATG
Wolff	2005	[82]	 Etanercept	 II	 21	 ORR:	67%	 20%,	day	586	 Infections
Shaughnessy	2005	[86]	 Denileukin	diftitox	 II	 22	 CR:	41%,	day	36
	 	 	 	 CR:	27%,	day	100	 23%,	day	496	 Vascular	leak;	hemorrhagic		
	 	 	 	 	 	 	cystitis;	thrombocytopenia;	infection

*CR	indicates	complete	response;	MSCs,	mesenchymal	stem	cells;	CMV,	cytomegalovirus;	PR,	partial	response;	ORR,	overall	response	rate;	ATG,	anti-thymocyte	globulin.
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follow-up of 586 days. Three patients died 
from relapsed cancer. Mortality was caused by 
infectious complications (n = 11) and GVHD-
related organ failure (n = 3). Chronic GVHD 
developed in all of the patients (n = 12) who 
responded to treatment and survived past day 
100. Clinical trials involving ECp, MSCs, and 
biologic therapies are summarized in Table 3 
[66,68,75-79,81-84]. 

Drug Therapy. The safety and efficacy of 
MMF was evaluated in a small clinical trial 
(n = 21) involving patients with steroid-
refractory acute GVHD (n = 10) and chronic 
GVHD (n = 11) [85]. MMF (2 g daily) was 
added to the steroid regimen, which was 
tapered. The overall response rate was 
62%; the response rates in acute GVHD and 
chronic GVHD were 60% and 64%, respec-
tively. The most frequent adverse event 
was infectious complications. Denileukin 
diftitox is an il-2 diphtheria toxin fusion 
protein that was tested in a phase ii clinical 
trial involving 22 patients with steroid-
resistant acute GVHD [86]. The complete 
response rates on days 36 and 100 were 
41% and 27%, respectively. The median 
survival was 121 days for all patients, and 5 

patients were still alive at a median of 496 
days. of these 5 patients, 4 had responded 
to denileukin diftitox by day 36, and the 
other survivor responded to salvage therapy. 
The higher dose level (9.0 µg/kg on days 
1-5, then weekly on days 8, 15, 22, and 
29) was associated with significant toxicity 
(vascular leak syndrome and vancomycin-
resistant enterococcus sepsis) and had to 
be discontinued, whereas the lower dose  
(4.5 µg/kg on days 1-5, then weekly on 
days 8, 15, 22, and 29) was better tolerated. 
Adverse events included mild vascular leaks 
(n = 2), hemorrhagic cystitis (n = 2), acute 
respiratory distress syndrome (n = 1), grade 
3 thrombocytopenia (n = 5), and severe 
infection (n = 7).

pentostatin has shown promise as a com-
ponent of prophylactic regimens for acute 
GVHD [31,37,52]. A phase i, dose escalation 
study examined the safety of pentostatin for 
treatment of patients with steroid-refractory 
acute GVHD [87]. These patients (n = 23) 
had biopsy-confirmed grade 2-4 acute GVHD 
following an allogeneic bone marrow trans-
plantation or donor lymphocyte infusion. 
pentostatin was administered iV for 3 days at 

1 mg/m2 per day, 2 mg/m2 per day, 3 mg/m2 
per day, and 4 mg/m2 per day. The dose-limit-
ing toxicity was the presence of infections at 
the 2-mg/m2 dose level. All of the patients 
experienced lymphopenia. other toxicities 
included grade 1 neutropenia (n = 1), grade 3 
thrombocytopenia (n = 1), and grade 1 trans-
aminase elevation. Based on this study, the 
recommended dose for subsequent evaluation 
is 1.5 mg/m2 per day iV × 3 days. 

Twenty-two patients were assessed for a 
response to pentostatin [87]. The complete 
and partial response rates were 64% (n = 
14) and 14% (n = 3), respectively. Three 
patients (13%) had progressive disease. 
When retreated for progression, 100% 
of patients (6/6) responded. The median 
survival for all patients was 85 days. Six 
patients (26%) were still alive at the end of 
the study and 1 of these patients developed 
chronic GVHD. The authors concluded 
that pentostatin has promising activity for 
the treatment of steroid-refractory acute 
GVHD and that a second course of pen-
tostatin is feasible and beneficial. Clinical 
trials involving drugs are summarized in 
Table 4 [85,87-89]. 

Table 4. Therapy for Steroid-Refractory Acute Graft-versus-Host Disease (Drugs)*

	 Treatment	 Phase	 N	 Response	 Overall	Survival	 Adverse	Event

Krejci	2005	[85]	 MMF	 II	 21:	10	acute,	11	chronic	 ORR:	60%	acute,	64%	chronic	 76%,	27	mo	 Infections
Takimi	2006	[88]	 MMF	 Not	reported	 11:	6	acute,	5	chronic	 ORR:	67%	acute,	100%	chronic	 64%,	18	mo	 Infections
Benito	2001	[89]	 Sirolimus	 Not	reported	 21	 ORR:	57%	(CR:	24%)	 28%,	days	400-907	 Myelosuppression	seizure,	drug	discontinued	(n	=	10)
Bolanos-Meade	2005	[87]	 Pentostatin	 I	 23	 ORR:	78%	(CR:	64%)	 26%	alive	at	end	of	study	 Lymphopenia,	neutropenia,		thrombocytopenia

*MMF	indicates	mycophenolate	mofetil;	ORR,	overall	response	rate;	CR,	complete	response.

CHRONiC GvHD

incidence/symptoms/Grading
Chronic GVHD, which develops in about 

50% of patients receiving allogeneic stem 
cell transplants, is a potentially life-threaten-
ing complication of this procedure [90]. The 
incidence of chronic GVHD is increasing 
due to increased age of transplant recipients, 
increased survivorship, and the use of periph-
eral blood stem cells. The 5-year survival rate 
for poor prognosis disease is 40%. Chronic 
GVHD usually manifests 3 to 7 months fol-
lowing a transplantation. 

Chronic GVHD usually affects the eyes, 
skin, oral cavity, lungs, liver, gastrointestinal 
tract, kidneys and the heart [91,92]. Symptoms 

include rash, diarrhea, mucositis, transaminase 
elevation, and bronchiolitis with organizing 
pneumonia. The national institutes of Health 
Chronic GVHD Consensus project has proposed 
a diagnosis and staging system that separately 
scores the degree of involvement of individual 
organs on a scale of 0 to 3 (0 = asymptomatic, 3 
= the most extensive involvement) [93].

Pathogenesis
The preponderance of evidence suggests 

that donor T-cells play an important role in 
the development of chronic GVHD. Although 
donor lymphocyte infusion can induce can-
cer remission in some patients with relapsed 
leukemia, this procedure is associated with 
the development of chronic GVHD [94,95]. 
likewise, depletion of donor T-cells from the 

graft prevents acute and chronic GVHD, but 
increases the risk of relapse [96]. The targets for 
attack may be host non-HlA antigens, such as 
minor histocompatibility antigens [7]. Because 
chronic GVHD mimics many autoimmune 
diseases, the involvement of humeral immunity 
is inferred. indeed, a coordinated B- and T-cell 
immune response to an H-Y antigen was dem-
onstrated in 1 patient with chronic GVHD that 
developed following an allogeneic stem cell 
transplantation [97]. Data also support a role 
for host dendritic cells in the development of 
chronic GVHD [98]. Many studies show a rela-
tionship between the development of GVHD 
and a positive graft-versus-tumor effect [7,99]. 
These observations underscore the need for 
balancing treatment of GVHD while maintain-
ing a graft-versus-tumor effect.
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Prevention of Chronic GvHD

Current Standard of Care
Because the pathophysiology of chronic 

GVHD is not well understood, prophylactic 
regimens are limited [7]. The development of 
acute GVHD appears to be an important risk 
factor for chronic GVHD, so efforts have focused 
on the prophylaxis of acute GVHD. Although 
reduced-intensity transplantations are associ-
ated with a reduced risk of acute GVHD, this 
is not the case with chronic GVHD [100,101]. 
likewise, the extended use of cyclosporine 
for prophylaxis did not effect the incidence of 
chronic GVHD [21,102]. When thalidomide 
was added to a CsA and MTX prophylaxis regi-
men, the incidence of chronic GVHD increased 
with a concurrent decrease in survival [103]. 
However, the addition of ATG to CsA/MTX 
provided protection against extensive chronic 
GVHD and chronic lung dysfunction in a cohort 
of patients (n = 109) who underwent unrelated 
donor transplantation [57].

First-line Treatment of Chronic 
GvHD

Current Standard of Care
Corticosteroids are the most effective agents 

for the treatment of chronic GVHD. The addi-
tion of CsA to a standard prednisone-containing 
regimen was examined in a large, random-
ized clinical trial (n = 307) involving patients 
with chronic GVHD having platelet counts 
>100,000/µl [104]. The hazards of transplan-
tation-related and overall mortality, recurrent 

malignancy, secondary therapy, and discontinu-
ation of immunosuppressive therapy were not 
significantly different in the CsA/prednisone 
group compared to the prednisone-only group. 
However, survival without a recurrence of can-
cer was lower in the CsA-containing arm. The 
incidence of avascular necrosis was lower in the 
CsA/prednisone group than the prednisone-only 
group (13% versus 22%, respectively; P = .04). 
The addition of tacrolimus to a steroid-contain-
ing regimen yielded a high response rate (72%), 
but was associated with high chronic GVHD-
related mortality (34%) and a significant need 
for salvage therapy (47%) [105]. 

second-line Treatment of Chronic 
GvHD

Current Standard of Care
There is no standard of care for refrac-

tory chronic GVHD. Therapy generally consists 
of long-term administration of corticosteroids 
in conjunction with other immunosuppres-
sive agents [7]. MMF is the most commonly 
used agent for the treatment of steroid-refrac-
tory chronic GVHD. Clinical trials involving 
this agent have relied on very small groups of 
patients. The largest study consisted of a retro-
spective analysis of the efficacy of MMF in first-
line (n = 10) and second-line (n = 24) treatment 
of chronic GVHD [106]. When MMF was added 
to standard CsA, tacrolimus, and/or prednisone, 
the response rates in first-line and second-
line settings were 90% and 75%, respectively. 
Eighty-five percent of patients were still alive at 
a median follow-up of 24 months, but 3 patients 

had to discontinue the drug due to abdominal 
cramps. There were 12 infectious episodes. The 
authors concluded that MMF had a steroid-spar-
ing effect and did not seem to increase the rate of 
infections or relapse. 

Experimental Therapy
ECP. Although ECp has been tested in small 

groups of patients, these studies are difficult to 
interpret due to differences in diagnostic and 
response criteria and in treatment schedules 
[107]. A recent retrospective study evaluated 
the efficacy of ECp in a large cohort of patients 
(n = 71) with severe steroid-refractory chronic 
GVHD. The response rate was 61% (n = 43) 
with 14 complete responses. The best responses 
were in the skin (59%), liver (71%), eye (67%), 
and oral cavity (77%). The incidence of steroid 
discontinuation at 1 year was 22%. At a median 
follow-up time of 34 months, 59% of patients 
had died. Five-year overall survival was 19%. 
infection (n = 28; 67%) and relapse (n = 12; 
29%) were the primary causes of death.

Monoclonal Antibodies. The CD20 antibody 
rituximab was evaluated in a cohort of 21 patients 
with steroid-refractory chronic GVHD [108]. The 
clinical response rate was 70% with 2 patients 
achieving complete remission. responses were 
limited to patients with musculoskeletal and cuta-
neous disease, and were durable through 1 year 
after initiation of therapy. The use of rituximab 
allowed for a 75% reduction in the dose of pred-
nisone. rituximab was well tolerated and toxicity 
was limited to infectious complications. Clinical 
trials involving ECp and monoclonal antibodies 
are summarized in Table 5 [107,108]. 

Table 5. Therapy for Steroid-Refractory Chronic Graft-versus-Host Disease (Extracorporeal Photopheresis and Biologics)*

	 Treatment	 Phase	 N	 Response	 Overall	Survival	 Adverse	Event
Couriel	2006	[107]	 Extracorporeal	photopheresis	 Retrospective	 71	 ORR:	61%	(CR:	20%)	 41%,	34	mo	 Abdominal	pain,	blood	pressure,	fever,	required	transfusions
Cutler	2006	[108]	 Rituximab	 I/II	 21	 ORR:	70%	 100%,	15	mo	 Infections

*ORR	indicates	overall	response	rate;	CR,	complete	response.

Table 6. Therapy for Steroid-Refractory Chronic Graft-Versus-Host Disease (Drugs) *

	 Treatment	 Phase	 N	 Response	 Overall	Survival	 Adverse	Event
Akpek	2001	[109]	 High-dose	pulse	steroids	 Not	reported	 61	 48%	major	response	 88%,	1	y;	81%,	2	y	 Hypertension,	tachycardia,	infections;		
	 	 	 	 	 	 	 otherwise	well	tolerated
Mookerjee	1999	[111]	 MMF	+	tacrolimus	 Retrospective	 26	 46%	 Not	reported	 Gastrointestinal
Johnston	2005	[110]	 Sirolimus-calcineurin	inhibitor	 II	 19	 63%	in	patients	tolerating	drug	 89%,	end	of	trial	 >30%	grade	3/4,	early	termination
Gilman	2000	[114]	 Hydroxy-chloroquine		 II	 40	 CR:	1%;	PR:	44%	 75%	responders,	32	mo;		 Gastrointestinal	infections	
	 	 	 	 	 	 40%	nonresponders,	30	mo
Bolanos-Meade	2005	[112]	 Pentostatin	 II	 42	 ORR:	50%	(CR:	12%)	 64%	 Infections
Jacobsohn	2004	[113]	 Pentostatin	 II	(pediatric	
	 	 	 subset	from	above)		 16	 ORR:	81%	 Not	reported	 Elevated	creatinine

*MMF	indicates	mycophenolate	mofetil;	CR,	complete	response;	PR,	partial	response;	ORR,	overall	response	rate.
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Drug-Based Therapy. phase i/ii studies have 
evaluated high-dose pulse steroids, tacrolimus/
MMF, and sirolimus for the second-line treatment 
of chronic GVHD [109-111]. When 61 patients 
with severe refractory chronic GVHD were treated 
with high-dose pulse steroids (10 mg/kg per 
day for 4 days followed by tapering), the major 
response rate was 48% and the probability of 
survival at 1 year and 2 years was 88% and 81%, 
respectively [109]. MMF and tacrolimus were 
well tolerated and produced an objective response 
rate of 46% in 26 patients with refractory chronic 
GVHD [111]. The combination of sirolimus, 
calcineurin inhibitors, and prednisone was tested 
in a phase ii study involving 19 patients with 
chronic GVHD [110]. Sirolimus was discontin-
ued in 9 patients due to poor compliance (n = 1), 
patient request (n = 1), or an adverse event (n = 
7). This study was terminated early due to >30% 
of the patients experiencing grade 3/4 toxicities. 
Although 94% (15/16) of evaluable patients had 
a clinical response, sirolimus was withdrawn 
from 5 of these patients due to toxicity yielding a 
response rate of 63% (10/16) in patients tolerat-
ing the drug. 

A recent clinical trial tested the efficacy and 
safety of pentostatin (4 mg/m2 iV every 2 weeks 
for 6 months) in a cohort of 52 patients (median 
age, 40.5 years; range, 5-67 years) with refrac-
tory chronic GVHD, who failed at least 2 prior 
immunosuppressive regimens [112]. patients 
received very aggressive infection prophylaxis 
including steroid tapering, antibiotics, antifun-
gals, and antivirals. Amongst the 42 evaluable 
patients, there were 5 complete responses, 16 
partial responses, and 5 mixed responses, yielding 
an overall response rate of 50%. Therapy was well 
tolerated with infectious complications being the 
most prominent adverse event. Fifteen patients 
died; causes of death included mucormycosis, 
pneumonia, disseminated fungal infection, fungal 
pneumonia, and progressive disease. 

Using a patient subset from the above clini-
cal trial [139], the efficacy of pentostatin was 
analyzed in 16 patients <20 years of age [113]. 
patients who failed at least 2 prior immunosup-
pressive regimens were treated with pentostatin 
(4 mg/m2 iV every 2 weeks for 6 months). 
There were 5 complete responses and 8 major 
responses, yielding an overall response rate of 
81%. of 11 patients who received prednisone 
treatment, 73% (n = 8) were completely weaned 
from the drug or were able to receive less than 
25% of the original dose. Therapy was well 
tolerated with one probable pentostatin toxicity 
event (elevated creatinine) requiring withdrawal 
of the patient. There were no severe infections, 

and there were 2 deaths that were both GVHD 
related. These results show that pentostatin has 
considerable clinical activity in adults and chil-
dren/adolescents. Table 6 summarizes ongoing 
clinical trials [109-114].

CONClusiONs
Acute and chronic GVHD cause a significant 

amount of mortality and morbidity following 
allogeneic hematopoietic stem cell transplanta-
tion. Consequently, improved prophylactic and 
treatment regimens are needed to combat these 
disorders. new regimens are being rationally 
designed to target key processes and molecules 
that are involved in the initiation, propagation, 
and maintenance of acute GVHD. However, 
significant challenges remain, including achiev-
ing a better understanding of the pathogenesis 
of chronic GVHD and controlling infections 
related to immunosuppression. Additionally, the 
development of effective prophylactic and treat-
ment regimens for acute and chronic GVHD that 
maintain the beneficial graft-versus-tumor effect 
is of paramount importance. Although many 
obstacles remain, there have already been signifi-
cant advances in the understanding, prevention, 
and treatment of acute and chronic GVHD.
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1. A B

2. A B C D E

3. A B C D E

4. A B C D

5. A B C D E

6. A B C D E

7. A B

8. A B

 9. A B C D E F

 10. A B C D

Current Advances in the Treatment of Acute and Chronic  
Graft-versus-Host Disease

CMe Assessment Test 

 1.  Acute graft-versus-host disease (GVHD) is graded using the 
Keystone criteria.

A. True
B. False

 2.  Traditional high-dose myeloablative conditioning regimens are 
associated with:
A. A high incidence of acute GVHD
B. A high incidence of chronic GVHD
C. Significant toxicity
D. All of the above
E. none of the above

 3.  The following purine analog(s) have been used in pretrans-
plantation conditioning regimens:

A. Fludarabine
B. Alemtuzumab
C. pentostatin
D. A and B
E. A and C

 4.  An incidence rate of ___ for acute GVHD is associated with 
reduced-intensity conditioning regimens involving extracor-
poreal photopheresis/pentostatin and total body irradiation, 
compared with an incidence rate of 40% to 60% with cyclo-
phosphamide-based conditioning regimens.

A. 0% to 9%
B. 9% to 21%
C. 21% to 40%
D. 40% to 60%

 5.  Chronic GVHD develops in approximately ___ of patients 
receiving allogeneic stem cell transplants.

A. 5%
B. 10%
C. 20%
D. 50%
E. 100%

 6.  The incidence of chronic GVHD is increasing due to:
A. increasing age of transplant recipients
B. increasing survivorship
C. peripheral blood stem cells
D. All of the above
E. none of the above

 7.  Reduced-intensity transplantations are associated with a 
reduced risk of chronic GVHD.

A. True
B. False

 8.  There is no current standard of care for steroid-refractory 
chronic GVHD.

A. True
B. False

 9.  The following drug(s) is/are being evaluated for the treatment 
of steroid-refractory chronic GVHD:

A. Chloroquine
B. ranitidine
C. pentostatin
D. A and B
E. B and C
F. A and C

10.  A phase II clinical trial evaluated pentostatin in patients with 
chronic GVHD who failed at least 2 prior immunosuppressive 
regimens. The overall response rate in this group of patients 
was:
A. 7%
B. 19%
C. 50%
D. 81%
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