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Introduction
Allogeneic hematopoietic cell transplantation (HCT) is 
an intense and potentially curative therapy for patients 
with hematologic malignancies.  Outside of primary dis-
ease relapse following HCT, arguably the most signifi cant 
obstacle to success following this therapy is the onset 
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Progress on multiple fronts is necessary to 

minimize graft-vs-host complications after 

allogeneic hematopoietic cell transplantation.
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Background:  Allogeneic hematopoietic cell transplantation (HCT) is a potentially curative therapy with proven 
effi cacy in the management of hematologic malignancies.  However, it is complicated by the syndromes of acute 
and chronic graft-vs-host disease (GVHD).
Methods:  A narrative review is provided to summarize major biologic insights into the pathogenesis of these 
immune-mediated disorders, as well as advances in diagnosis, classifi cation, prevention, management, and allied 
supportive care with the aim of providing essential understanding for clinicians with or without subspecialty 
experience in the fi eld of blood and marrow transplantation.
Results:  Major scientifi c advances have contributed to enhanced understanding of the pathogenesis of these 
disorders, and clinical investigation has provided more effective preventive and therapeutic strategies for GVHD.  
However, since acute GVHD and chronic GVHD remain leading sources of transplantation-related morbidity and 
mortality, ongoing investigation is needed to develop new approaches to addressing these syndromes.
Conclusions:  The major challenge for future investigation will be to capitalize on biologic insights in order to 
develop novel strategies for the prevention and therapy of acute and chronic GVHD that will address the current 
shortcomings in existing therapeutic approaches.

of acute and later chronic graft-vs-host disease (GVHD).  
These syndromes pose a signifi cant threat of morbidity, 
escalated and prolonged immunosuppressive therapy 
(with the attendant risk of infectious complications), 
organ dysfunction, impaired quality of life, and ultimately 
an increased risk for mortality.  Major progress has been 
made through investigations conducted to date;  however, 
defi ciencies persist in the clinical and biologic predic-
tion and classifi cation of these syndromes as well as their 
associated prevention and therapy.  Novel biologic in-
sights and the conduct of allied clinical investigation hold 
promise for further advances to address these challenges.

This review critically examines the current under-
standing and ongoing challenges in the management of 
these syndromes.  The greater proportion of patients 
surviving transplantation secondary to major advances 
in the fi eld, the ultimate return of HCT recipients to their 
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primary hematologist/oncologist, and the recognized 
limited number of specialized transplantation centers 
and providers1 all speak to the relevance of these con-
ditions to providers outside the immediate specialty of 
blood and marrow transplantation.  The major objective 
of this review, therefore, is to provide clinicians with 
an essential understanding of the major scientifi c and 
clinical advances in the pathobiology, diagnosis, clas-
sifi cation, prevention, and management of acute and 
chronic GVHD.

Acute GVHD
Biology
Acute GVHD is a clinicopathologic syndrome that re-
mains a clinical challenge and a major source of mor-
bidity and mortality following allogeneic HCT.  Early 
experiments provided key insights into the requirements 
for the development of the syndrome, as represented by 
Billingham’s postulates:  The graft contains immunocom-
petent cells, the immunocompromised recipient is not 
capable of rejecting the transplanted cells, and fi nally 
the recipient expresses tissue antigens not present in 
the donor.2  Indeed, one of the major determinants for 
the development and severity of acute GVHD in human 
transplantation is disparity in major and minor histo-
compatibility antigens,3 with an increasing number of 
mismatched antigens predicting greater risk of acute 
GVHD and nonrelapse mortality.4  As well, more recent 
insights demonstrated that polymorphism in non-HLA 
genes, including cytokines such as tumor necrosis factor 
(TNF), interleukin 10 (IL-10), interferon gamma (IFN-γ),5-7 
KIR polymorphism,8,9 and NOD2/CARD15 gene poly-
morphism, may also contribute to the development and 
severity of acute GVHD.10  Together, these factors provide 
a genetic basis for donor and recipient disparity that 
informs the risk for GVHD.  Further advances have led 
to the development of an established conceptual model 
composed of phases that include tissue damage from 
conditioning therapy and activation of antigen-present-
ing cells, activation of donor T cells resulting in differ-
entiation and migration, and fi nally an effector phase in 
which host tissue damage is mediated by infl ammatory 
cytokines such as TNF-α and IL-1, and effector cells, most 
notably cytotoxic T cells.  This model simplifi es what is 
believed to be a complex and redundant network rather 
than a sequential series of distinct events.  While insights 
into the biology of the syndrome have provided the 
rationale for therapeutic strategies for prevention and 
therapy, efforts targeting a single aspect of this cascade 
have not proven successful to date.  Recent comprehen-
sive reviews of acute GVHD biology are provided by Sun 
et al11 and Paczesny et al.12

Clinical Manifestations
The clinical syndrome of acute GVHD manifests with 
erythematous skin eruption, cholestatic liver disease, 

and upper or lower gastrointestinal (GI) involvement 
either together or in isolation.  The occurrence of acute 
GVHD has been historically limited to within 100 days 
following HCT.  Diagnostic biopsy is relevant to exclude 
competing diagnoses such as cytomegalovirus enteritis 
or drug eruption from medications.  Histologic changes in 
the skin most commonly include lymphocytic infi ltration 
and dyskeratotic epidermal keratinocytes and cell apop-
tosis.  Pathologic changes in the liver include bile duct 
damage with epithelial cell dropout and lymphocytic 
infi ltration, while changes in the GI tract include crypt 
cell necrosis.  The most consistent clinical predictors of 
the syndrome are donor relation (with a greater inci-
dence of acute GVHD following unrelated donor HCT) 
and HLA disparity (with greater incidence and severity 
in mismatched HCT) between donor and recipient.  Pac-
zesny et al13 demonstrated that a proteomic biomarker 
panel including IL-2 receptor-alpha, tumor necrosis factor 
receptor-1, IL-8, and hepatocyte growth factor may be 
able to confi rm acute GVHD and have prognostic ability 
independent of GVHD severity.

Classifi cation and Grading Criteria
Clinical severity grading of the syndrome takes into ac-
count the clinical severity of individual organs, which 
inform a composite overall score.14  Compared to the 
original severity scoring per Glucksberg et al,15 this 
revised 1994 consensus scoring system by Przepiorka 
et al14 notably includes upper GI manifestations in the 
determination of GI severity as well as lower GI mani-
festations.  Advancing acute GVHD severity is associated 
with increased mortality.16,17  An analysis of 4,174 recipi-
ents of matched sibling HCT for chronic myelogenous 
leukemia demonstrated that transplantation-related 
mortality signifi cantly worsened for increasing severity 
of acute GVHD.  With a reference of no acute GVHD, 
increasing grade of acute GVHD was associated with 
increased risk for mortality:  grade I, hazard ratio (HR) = 
1.52 (1.19–1.96);  grade II, HR = 2.48 (1.95–3.14);  grade 
III, HR = 5.76 (4.44–7.48);  grade IV, HR = 14.7 (10.9–
19.9).18  Advanced-grade acute GVHD, particularly disease 
refractory to fi rst-line therapy, remains a major threat 
to survival following HCT.  As well, response to initial 
therapy is predictive of long-term outcome.  In an analysis 
of 740 recipients of bone marrow allografts with grade 
II-IV acute GVHD, those with complete response to pri-
mary therapy had nonrelapse mortality comparable to 
those without acute GVHD, whereas nonrelapse mor-
tality signifi cantly worsened for those with only partial 
response, no response, or progressive manifestations on 
therapy.17  Recently, Levine et al19 published an analysis 
from a randomized phase II trial of acute GVHD primary 
therapy.  This trial studied the effi cacy of 2 mg/kg meth-
ylprednisolone intravenously or prednisone 2.5 mg/kg 
per day orally in combination with each arm containing 
one of four additional immune suppressive agents — 
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mycophenolate mofetil, etanercept, denileukin diftitox, 
or pentostatin.  The authors examined response to pri-
mary acute GVHD therapy as a predictor of nonrelapse 
mortality and overall survival.  Compared to complete 
response to primary therapy, nonresponse at 28 days 
was associated with a relative risk (RR) for nonrelapse 
mortality of 2.32 (1.44–3.73; P < .001), and RR for overall 
survival of 2.79 (1.71–4.55; P < .001) on multivariate 
analysis.  These data highlight the importance of response 
to primary therapy for transplantation outcome.

Acute GVHD Prevention
Clinical investigation has led to successive improvements 
in the prevention of the syndrome.  Early efforts estab-
lished the superiority of combination (cyclosporine and 
methotrexate) therapy over single-agent methotrexate.20  
The current standard of care in acute GVHD prevention is 
the combination of a calcineurin inhibitor (cyclosporine 
or tacrolimus) and methotrexate.  Two large random-
ized phase III trials demonstrated that tacrolimus and 
methotrexate were superior to cyclosporine and metho-
trexate in the prevention of acute GVHD.  Grade II-IV 
acute GVHD was signifi cantly lower with tacrolimus/
methotrexate compared to cyclosporine/methotrexate 
in both sibling donor (32% vs 44%;  P = .01) and unre-
lated donor (56% vs 74%;  P = .0002) transplant trials.21,22 
Survival did not differ between these acute GVHD pro-
phylaxis strategies.  However, further progress is needed.  
Protection from acute GVHD is incomplete since many 
will develop the syndrome despite these prophylactic 
agents.  As well, toxicity associated with methotrexate in 
particular has led investigators to examine the activity of 
alternative agents23 such as tacrolimus combined with 
either mycophenolate mofetil24-28 or sirolimus.29-32  In 
particular, the combination of tacrolimus and sirolimus 
has demonstrated remarkable activity in the prevention 
of acute GVHD in phase II trials,29,31 and investigators are 
comparing this combination to tacrolimus and metho-
trexate in a current national phase III randomized trial 
including matched sibling transplants with myeloabla-
tive total body irradiation-based conditioning regimens 
through the Blood and Marrow Transplant Clinical Trials 
Network (BMT CTN).  Other approaches have utilized 
donor T-cell depletion to effectively prevent GVHD;  how-
ever, this approach is associated with impaired immune 
reconstitution, infectious complications, and increased 
risk of primary disease relapse after HCT.33  Currently, this 
practice has marked interinstitutional variation outside 
of the clinical trials setting.

Prevention of acute GVHD in unrelated donor HCT, 
and particularly mismatched unrelated donor HCT, is a 
particularly daunting task.  Based on the principle that 
alloreactive donor T cells are the primary mediator of 
the syndrome, investigators have studied antilymphocyte 
antibodies in the prevention of acute GVHD in unre-
lated donor HCT.  These studies have largely consisted 

of matched unrelated donors, while earlier studies were 
completely composed of bone marrow rather than pe-
ripheral blood mobilized stem cells and principally uti-
lized cyclosporine and methotrexate as pharmacologic 
acute GVHD prophylaxis.  These conditions in part limit 
the relevance of the fi ndings in light of current trans-
plantation practices, particularly regarding the applica-
tion to mismatched unrelated donor transplantation.  As 
well, there is diversity in preparation of antilymphocyte 
antibodies, including the antithymocyte globulin (ATG) 
produced in rabbits, ATG Fresenius prepared in rabbits, 
and fi nally ATGAM derived from horses.  Major thera-
peutic approaches in prevention have consisted of the 
following:  ATG totaling 4.5 mg/kg over 3 days conclud-
ing on day 0,34 ATG totaling 7.5 mg/kg from day –4 to 
–3 or totaling 15 mg/kg from days –5 to –2,35 and ATG 
Fresenius total dose ranging from 30 mg/kg to 90 mg/
kg, ending on day –1.36-38  Comparative data suggest that 
variation in the total dose and schedule of ATG and ATG 
Fresenius affect outcome.35,37,39,40

Studies have demonstrated a consistent reduction in 
severe acute GVHD, and long-term follow-up has demon-
strated signifi cantly lower chronic GVHD, lung dysfunc-
tion, and late nonrelapse mortality in those treated with 
ATG.41,42  In a major randomized trial among recipients 
of unrelated donor HCT, ATG Fresenius signifi cantly 
reduced the incidence of chronic GVHD but did not 
result in a difference in survival compared to control.38  
However, there is an important association between ATG 
use and delayed immune reconstitution and infectious 
complications including cytomegalovirus (CMV) and 
Epstein-Barr virus (EBV).43-46  Alongside the benefi cial 
reduction in GVHD, the use of ATG confers an increased 
risk of EBV-associated posttransplant lymphoprolifera-
tive disease (PTLD).47,48  In a large analysis of risk fac-
tors for the development of PTLD following HCT, the 
following were determined to be important:  patient 
age ≥ 50 years at transplantation, T-cell depletion of the 
graft,  ATG use, and unrelated or HLA-mismatched grafts.46  
Posttransplantation monitoring of EBV viral load and 
preemptive rituximab therapy is effective in controlling 
EBV and preventing PTLD.49-52  The role of prophylactic 
administration of rituximab for the prevention of EBV 
reactivation following ATG delivery in unrelated donor 
HCT has preliminary evidence that supports its feasibil-
ity.53  Other strategies for prevention of acute GVHD after 
HLA-mismatched unrelated donor HCT, including the use 
of novel agents such as bortezomib, may provide benefi t 
as well.54  A greater degree of HLA disparity appears to 
be tolerated in the setting of umbilical cord blood trans-
plantation, as supported by retrospective comparative 
analyses examining the risk of acute GVHD according 
to stem cell source.55  The predominant approach to 
pharmacologic acute GVHD prophylaxis in umbilical 
cord blood transplantation has been the combination of 
cyclosporine and mycophenolate mofetil.56
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Therapeutic Strategies
Upon failure of these preventive efforts, standard primary 
therapy employs 1 mg/kg to 2 mg/kg of prednisone or 
dose-equivalent corticosteroid.  Systemic glucocorticoid 
therapy remains standard since combination therapy 
including glucocorticoids and additional immune sup-
pressive agents (eg, the combination of corticosteroids 
and daclizumab57) has not proven benefi cial in prior 
investigation.  As this accepted standard therapy provides 
complete remission of the syndrome in only 30% to 50% 
of cases,16,17 interest has persisted in developing more 
effective strategies.  A recent phase II trial conducted 
by the BMT CTN has identifi ed the combination of cor-
ticosteroids and mycophenolate mofetil as a promising 
strategy.58  This combination is now being compared in 
a phase III study against standard corticosteroid therapy 
alone in the primary therapy of acute GVHD.  While the 
use of nonglucocorticoid systemic immune suppressive 
agents for the primary therapy of acute GVHD may be 
an alternative approach with comparable effi cacy and 
less morbidity related to glucocorticoids,59 this requires 
further exploration in a prospective trial.

Acute GVHD that fails to respond to primary therapy 
is consistently associated with an adverse prognosis.  Fail-
ure of primary corticosteroid therapy has been defi ned as 
acute GVHD progression within 3 days, failure to respond 
within 5 to 7 days, or incomplete response to 1 mg/kg to 
2 mg/kg of prednisone therapy by 14 days.  In this setting, 
multiple agents have been examined.  However, most 
available therapeutic agents provide resolution in the 
minority of cases of refractory acute GVHD, and they 
impose additional toxicity.  These agents broadly include 
antilymphocyte antibody approaches such as ATG and 
agents targeted to CD147, CD3, CD5, CD52 or CD25, 
immunotoxin-based agents including denileukin difi tox 
(Ontak), agents targeting tumor necrosis factor alpha 
such as infl iximab, pharmacologic agents including my-
cophenolate mofetil, pentostatin, and sirolimus, and extra-
corporeal photopheresis.  Published data on the effi cacy 
of these agents for the therapy of corticosteroid-refrac-
tory acute GVHD are more comprehensively reviewed 
elsewhere.60  In the near absence of comparative trials for 
this condition, there is no clear evidence-based rationale 
to select one over others.  Additionally, the true benefi t 
from any one agent in isolation is diffi cult to dissect;  as 
in retrospective series as well as early-phase prospec-
tive trials, multiple agents are often used in succession 
to achieve control of this diffi cult syndrome.  Ultimately, 
however, response remains incomplete to available thera-
peutic strategies, complications occur frequently, and 
survival is elusive for most.

Accordingly, these outcomes underscore the need 
for novel acute GVHD prophylaxis and primary therapy 
strategies that may more effectively prevent the occur-
rence of refractory acute GVHD altogether.  High-quality 
clinical trials that test novel prevention and therapy ap-

proaches based on rational understanding of acute GVHD 
pathogenesis will further advance the fi eld.  The results 
of major national trials are awaited, including BMT CTN 
0402, a randomized trial of tacrolimus/methotrexate vs ta-
crolimus/sirolimus for the prevention of acute GVHD, as 
well as BMT CTN 0802 in acute GVHD primary therapy, 
which is comparing standard dose glucocorticoids vs 
glucocorticoids with mycophenolate mofetil.

The reader is directed to Przepiorka et al14 for a com-
prehensive description of consensus acute GVHD grading.

Chronic GVHD
Biology
Chronic GVHD has benefi ted from a resurgence of inter-
est and investigation that has offered new insights into 
the biology of the syndrome, clinical classifi cation, and 
novel therapeutic strategies.  Insights into the patho-
biology of the syndrome are ongoing.  Allied clinical 
observations suggest the role of alloreactive donor T 
cells.  Peripheral blood mobilized stem cell products, 
which contain a greater dose of donor T cells compared 
to bone marrow-harvested stem cells, impose a greater 
risk for the occurrence and severity of chronic GVHD 
and an associated prolonged duration of immune sup-
pression.61  Ex vivo T-cell depletion strategies, as well 
as in vivo strategies such as ATG62 or alemtuzumab, are 
associated with a decreased risk of chronic GVHD.33,63  
However, new insights implicate other mechanisms.  As 
recently reviewed by Martin,64 preclinical murine models 
and correlative human studies have advanced several hy-
potheses as mechanisms of chronic GVHD pathogenesis.  
First, thymic damage, in part mediated by prior acute 
GVHD, may impair the process of negative selection by 
thymic medullary epithelial cells that eliminate patho-
genic T cells responsible for autoimmunity.65,66  Second, 
the potential role of transforming growth factor-beta 
(TGF-β) has been supported by amelioration of chronic 
GVHD manifestations after neutralization of this cyto-
kine in murine models, and the clinical observation of 
an inverse relationship between TGF-β signaling in CD4 
and CD8 cells and the risk of chronic GVHD.67  Third, B 
cells may play a role in chronic GVHD pathogenesis, as 
supported by the following:  (1) Preclinical evidence sug-
gests a role for pathogenic B cells in the development of 
a chronic GVHD-like syndrome consisting of cutaneous 
sclerosis and glomerulonephritis.68  (2) Anti-CD20 anti-
body therapy has demonstrated activity in the treatment 
of corticosteroid-refractory chronic GVHD.69  (3) Chronic 
GVHD-affected HCT recipients have elevated levels of 
B cell activating factor, which is important for survival 
and differentiation of activated B cell.70  (4) Agonistic 
antibodies directed against platelet-derived growth fac-
tor receptor (PDGFR) have been detected in serum of 
chronic GVHD-affected HCT recipients.71  (5) Ongoing 
investigation aims to discern the relationship between 
regulatory T cells (Treg) and chronic GVHD.  Early clinical 
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evidence suggests an inverse relationship between Treg 
numbers and the risk of chronic GVHD.72

Clinical Manifestations
Chronic GVHD occurs in up to 60% to 80% of those 
who survive beyond 100 days post-HCT.73,74  The im-
pact of chronic GVHD on the overall health, functional 
ability, and quality of life of HCT survivors is of utmost 
importance.73-75  The syndrome is a leading source of 
late HCT-related morbidity and death76,77 as well as a 
predictor of prolonged immune suppressive therapy78 
and impaired quality of life.79,80  The syndrome is char-
acterized by diverse clinical manifestations, but the most 
commonly affected organs are the skin, eyes, mouth, 
and liver.  Common skin manifestations include lichen 
planus-like changes and poikiloderma, as well as more 
advanced cutaneous and subcutaneous sclerosis.  Oral 
fi ndings include lichen planus-like changes, hyperkera-
totic plaques, and decreased oral range of motion.  Both 
the eyes and mouth can suffer from sicca symptoms, 
including dry mouth and dry or gritty eyes.  Hepatic 
manifestation of chronic GVHD includes a cholestatic 
pattern of elevated alkaline phosphatase and bilirubin.  
In the GI tract, diagnostic chronic GVHD features include 
esophageal web, stricture, or concentric rings on endo-
scopic or radiographic study.  Other manifestations such 
as anorexia, nausea/vomiting, and diarrhea are shared be-
tween acute and chronic GVHD.  Bronchiolitis obliterans 
is a less common manifestation of chronic GVHD.  Biopsy-
proven bronchiolitis obliterans represents a diagnostic 
manifestation of chronic GVHD and is characterized by 
clinical symptoms (eg, cough, dyspnea) and respiratory 
physiologic abnormalities (FEV1/FVC ratio < 0.7, FEV1 < 
75% predicted value, evidence of air trapping or bronchi-
ectasis on CT scan, residual volume of > 120%, presence 
of another chronic GVHD manifestation, and absence of 
infectious etiology).  However, most organs can be in-
volved, with parallels to other systemic immune-mediated 
disorders such as systemic lupus erythematosus, Sjögren 
disease, and systemic sclerosis.

Classifi cation and Grading Criteria
Major changes in the classifi cation and severity grad-
ing of the syndrome have been suggested by the 2004 
NIH Chronic GVHD Consensus Conference.  Among the 
proposed changes is the elimination of the previously ac-
cepted division between acute and later chronic GVHD 
according to the landmark of 100 days post-HCT.  Rather, 
the guidelines propose a defi nition of chronic GVHD 
according to diagnostic manifestations of the syndrome 
rather than the time of onset post-HCT.  Accordingly, 
manifestations of acute GVHD occurring before day 100 
are defi ned as acute GVHD, while those acute GVHD 
manifestations occurring after day 100 are considered 
persistent, recurrent, or late acute GVHD based on the 
prior occurrence of acute GVHD in the patient.  Classic 

chronic GVHD is defi ned based on the defi nitive mani-
festations of the syndrome in the absence of concurrent 
acute GVHD manifestations.  Diagnosis of chronic GVHD 
requires the presence of at least one diagnostic clinical 
sign of chronic GVHD or the presence of at least one 
distinctive manifestation confi rmed by biopsy or allied 
diagnostic test.  The concurrent presentation of both con-
fi rmed chronic GVHD and acute GVHD manifestations 
operationally defi nes the overlap syndrome.  A compre-
hensive report of the proposed chronic GVHD diagnosis 
and staging criteria is provided in Filipovich et al.81

In addition, consensus guidelines for chronic GVHD 
severity grading were proposed to replace the previously 
accepted scheme based on limited vs extensive involve-
ment.  In the prior scheme, limited involvement was de-
fi ned according to localized skin involvement or hepatic 
dysfunction, and extensive chronic GVHD was defi ned 
by the presence of generalized skin involvement or the 
presence of aggressive chronic hepatitis, bridging necro-
sis or cirrhosis in liver biopsy, or involvement of other 
target organs such as the eye, mouth, or lung.82  Rather, 
chronic GVHD severity according to the NIH Chronic 
GVHD Consensus is scored according to objective crite-
ria for each organ involved, which is summarized for an 
overall global severity score of mild, moderate, or severe.  
These criteria are described in Filipovich et al.81  As well, 
standardization of response criteria was proposed, which 
should facilitate communication of response in clinical 
practice and, importantly, quantifi cation of response in 
therapeutic trials.  Here, complete response is defi ned as 
complete resolution of all manifestations, while partial 
response indicates 50% or greater response in measur-
able disease activity, with no concurrent worsening in 
any other involved areas.  Proposed response criteria for 
clinical trials in chronic GVHD therapy are explained in 
Pavletic et al.83

Several additional publications from the consensus 
meeting seek to make progress in allied areas of chronic 
GVHD diagnosis and management, including pathology, 
biomarkers, conduct of clinical trials, and supportive 
care.81,83-87  A multicenter consortium of allied chronic 
GVHD investigators is currently conducting observa-
tional and interventional research in chronic GVHD.  As 
part of this mission, data from a prospectively accrued 
chronic GVHD cohort will evaluate the association of 
the proposed NIH chronic GVHD severity grading with 
measures of disease activity, short-term therapeutic end-
points, and long-term outcomes including survival and 
nonrelapse mortality.

Predictive Variables
Clinical predictors for the development of chronic GVHD 
reported in published literature — importantly prior 
to these proposed changes in chronic GVHD diagno-
sis and severity grading — most consistently include 
increasing age of the donor or recipient, donor/recipi-
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ent HLA disparity and donor relation, male recipients 
of allografts from alloimmunized female donors, prior 
development of acute GVHD, and the use of peripheral 
blood mobilized stem cells vs bone marrow.61,88-90  Previ-
ously reported prognostic variables include extensive vs 
limited involvement, progressive onset of chronic GVHD 
from acute GVHD, platelet count less than 100,000/µL 
at chronic GVHD diagnosis, impaired performance sta-
tus, and failure to respond to therapy.76,91-93  Predictive 
variables for the development of chronic GVHD, as well 
as prognostic variables relevant to long-term outcome, 
will be re-examined based on current transplantation 
practices and in the setting of the revised diagnostic and 
severity grading criteria.  For example, in retrospective 
analyses, investigators have demonstrated that patients 
previously classifi ed as chronic GVHD are reclassifi ed 
as late, recurrent, or persistent acute GVHD or overlap 
syndrome by the NIH Consensus criteria.  However, the 
prognostic impact of classic chronic GVHD vs late acute 
or overlap syndrome is unclear based on the current 
data reported in retrospective analyses.  Jagasia et al94 
reported signifi cantly poorer overall survival for those 
with any manifestations of acute GVHD after day 100 
post-HCT compared to those with classic chronic GVHD.  
Conversely, others have reported no signifi cant survival 
difference for overlap vs classic chronic GVHD95,96 or 
late acute GVHD vs classic chronic GVHD.97  These dis-
crepancies should be clarifi ed with the mature results 
of prospective data currently being accrued through the 
Chronic GVHD Consortium.

Therapeutic Strategies
Once chronic GVHD is diagnosed and its severity is clas-
sifi ed, systemic immune suppressive therapy is gener-
ally indicated for those with extensive involvement or 
moderate to severe manifestations per the proposed NIH 
Consensus severity grading.  Decisions about systemic 
therapy also require consideration of risk factors for 
mortality following chronic GVHD diagnosis, such as 
progressive development from acute GVHD and plate-
let count less than 100,000/µL.  Those with less severe 
manifestations may benefi t from localized therapies such 
as topical corticosteroid therapy for cutaneous mani-
festations, corticosteroid or azothioprine rinses for oral 
involvement, or artifi cial tears and other interventions for 
ocular sicca symptoms.  The diverse manifestations of the 
syndrome require a tailored and often multidisciplinary 
approach to achieve best results.  However, the standard 
therapy for those requiring systemic therapy generally 
includes systemic glucocorticoids with or without a cal-
cineurin inhibitor.98  Depending on where the individual 
patient stands in relation to tapering off the original 
GVHD prophylaxis agents, this may require adjusting the 
calcineurin inhibitor dose and schedule to resume thera-
peutic serum levels, or rather resuming this agent after 
its prior discontinuation.  However, a randomized trial 

comparing prednisone vs prednisone plus cyclosporine 
for primary therapy of extensive chronic GVHD did not 
detect signifi cant differences in chronic GVHD control, 
transplant-related mortality, or overall survival.99  The 
addition of other systemic immune suppressive agents 
to this standard primary therapy has not provided ben-
efi t, as evidenced by trials employing azothioprine or 
thalidomide combined with corticosteroids100,101 or the 
more recent trial evaluating the combination of myco-
phenolate mofetil and corticosteroids.102

Further work is needed to improve the success of 
primary therapy for chronic GVHD, as response is often 
incomplete.  Approximately one-third of patients will 
have a complete response to primary therapy and not 
require additional systemic immune suppressive agents 
as second-line therapy and beyond.103  Corticosteroid-re-
fractory chronic GVHD has most commonly been defi ned 
as either progressive manifestations despite 1 month of 1 
mg/kg to 2 mg/kg of prednisone or equivalent or incom-
plete response despite 2 months of this regimen.  Multi-
ple immune suppressive agents, including pharmacologic 
agents (eg, mycophenolate mofetil, sirolimus, pentostatin, 
tacrolimus, and thalidomide), monoclonal antibodies 
(eg, rituximab), and strategies such as extracorporeal 
photopheresis have demonstrated moderate activity in 
this setting, both ameliorating objective chronic GVHD 
manifestations and, importantly, facilitating liberation 
from systemic corticosteroids.73  Their activity is incom-
plete, however, and many with corticosteroid-refractory 
chronic GVHD will require multiple agents to achieve 
disease control.  Ongoing investigation is focusing on the 
development of novel therapies effective in the setting 
of corticosteroid-refractory chronic GVHD.

Since infectious complications will occur in many pa-
tients, careful attention to supportive care and infectious 
prophylaxis is required.  Given the immune dysfunction 
associated with both chronic GVHD and the immune 
suppressive agents used to treat it, these patients are at 
increased risk for morbidity and mortality from infectious 
complications.  Prophylactic antimicrobials should be 
utilized to address the risk for Pneumocystis jiroveci, 
encapsulated bacterial infections such as Streptococcus 
pneumoniae, Haemophilus infl uenzae, Neisseria men-
ingitides, and Varicella zoster.84  Systematic monitoring 
and preemptive therapy for cytomegalovirus reactiva-
tion is also recommended.  The routine use of antifungal 
agents as prophylaxis beyond 75 days post-HCT has not 
been proven to be effective in preventing invasive fungal 
infections;  however, many transplant centers administer 
these agents for prophylaxis, particularly in those patients 
on prolonged courses of high-dose glucocorticoids.104-107  
While the use of intravenous immunoglobulin (IVIg) fol-
lowing HCT also has not been proven to be benefi cial,108 
some recommend its use in the setting of hypogamma-
globulinemia (IgG level less than 400 mg/dL) with recur-
rent sino-pulmonary infectious complications following 
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HCT.  Other important components of supportive care for 
chronic GVHD-affected HCT recipients include vaccina-
tion appropriate in the post-HCT course, maintenance of 
skin integrity and skin care, attention to oral cavity health 
and symptom control, management of ocular sicca symp-
toms, supportive care for vulvovaginal manifestations of 
GVHD, physical therapy for musculoskeletal impairment, 
prevention and management of osteopenia and osteopo-
rosis that complicate prolonged corticosteroid therapy, 
management of fatigue, and psychosocial support.  A 
comprehensive review of appropriate, evidence-based 
ancillary care is provided in Couriel et al.84

A major resurgence of investigation into chronic 
GVHD pathogenesis, diagnosis, classifi cation, and therapy 
offers promise for improved patient outcomes.  Validation 
of the proposed NIH Consensus diagnostic and sever-
ity classifi cation criteria will be achieved through the 
collection of prospective observational data through 
the Chronic GVHD Consortium.  Novel preventive and 
therapeutic strategies based on detailed understanding 
of chronic GVHD pathogenesis will advance the fi eld.  
Standardization of best response criteria will help to 
advance the state of chronic GVHD clinical trials.  Fi-
nally, attention to patient-reported outcomes, including 
symptom burden, functional limitations, and quality of 
life, is needed in both clinical practice and novel clinical 
investigation to fully capture the experience of patients 
with chronic GVHD.

The reader is directed to Filipovich et al81 for a com-
prehensive description of chronic GVHD diagnosis, clas-
sifi cation, and severity grading.
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