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Abstract

Purpose of review—While allogeneic hematopoietic stem cell transplantation (allo-SCT) is

potentially curative for a number of hematologic malignancies, its use is limited by the

development of acute and chronic graft-versus-host disease (GVHD). This potentially fatal

complication occurs in approximately 50% of allo-SCT recipients. Its pathogenesis is poorly

understood, methods to prevent it are largely unchanged over the past two decades, and response

to front-line treatment with corticosteroids is suboptimal.

Recent findings—The pathogenesis of acute and chronic GVHD remains poorly understood,

methods to prevent it are largely unchanged over the past two decades, and response to front-line

treatment with corticosteroids is suboptimal. For patients with steroid-refractory disease, response

to second-line treatment is dismal. The prospective clinical studies evaluating new agents for

GVHD have been hampered by inconsistencies in design, making generalization difficult, and few

multicenter studies have been conducted.

Summary—Advances have been made over the past decade in grading both acute and chronic

GVHD, with the development of biomarkers that provide improved prognostic information in

acute GVHD and NIH Consensus Criteria for improved grading of chronic GVHD. This, along

with the broad understanding of the need to conduct prospective studies with uniform inclusion

criteria and endpoints leading to multicenter studies will hopefully lead to advancements in the

prevention of GVHD in the near future.
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INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (allo-SCT) is a potentially curative

immunotherapy for many hematologic malignancies.(1) A recent Center for International
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Blood and Marrow Transplant Research (CIBMTR) analysis showed that despite increasing

use of unrelated donors, peripheral blood and cord blood grafts, and older recipient age,

survival has significantly increased over time, likely due to better donor selection with

improved HLA typing and improved supportive care.(2) Acute graft-versus-host disease

(aGVHD) and chronic GVHD (cGVHD) remain major causes of non-relapse mortality

(NRM); approximately 50% of SCT recipients develop GVHD.(3) The graft-versus-tumor

(GVT) effect is critical for the success of allo-SCT,(4) but separating this from GVH

reactions may result in an increased risk of relapse or infection. This article will examine

advances made in understanding, preventing, and treating GVHD, as well as why more

progress has not been made in combating this significant barrier to the success of

transplantation.

UNDERSTANDING THE PATHOGENESIS OF GVHD

T cell alloreactivity has been established as the primary cause of GVHD.(5) Conditioning

causes tissue damage and release of pro-inflammatory cytokines, leading to activation of

antigen-presenting cells (APC). APCs present processed antigen to T cells, leading to donor

T cell activation.(6) Then, cytokines and cellular effectors mediate target cell injury and

apoptosis (Figure 1).(7) The immunopathology underlying development of cGVHD is

poorly understood but involves three main mechanisms: autoantibody production, pro-

fibrotic pathways, and defective thymic function.(8) A recent excellent review provides

further detail, which is outside the scope of this article.(9)

DEFINING GVHD AND IDENTIFYING THOSE AT HIGHEST RISK

aGVHD is diagnosed clinically but should be confirmed by biopsy whenever possible.(4)

Historically defined as occurring within the first 100 days post-transplant, now termed

“classic aGVHD,” it is recognized to occur later, termed resistent, recurrent, or late aGVHD.

The Glucksberg criteria, initially published in 1974 and revised in 1995 (the Consensus

criteria), remain the most commonly used grading criteria.(10)(11) Each of 3 organs are

scored and combined to give an overall grade. There is significant intraobserver variability,

especially for grade II. The CIBMTR criteria retain the objective organ staging of the

Consensus criteria, but simplify grading.(11) Among patients receiving myeloablative SCT,

the overall κ coefficient between the systems is 0.78 (95% CI 0.77–0.87), indicating strong

agreement. Maximum grade is significantly associated with mortality, with grade D in the

CIBMTR system and IV in the Consensus system conferring higher odds of 100-day

mortality (OR 3.60, p<0.001, and OR 4.30, p<0.001 respectively).(12) The Ann Arbor

grading system uses biomarkers (ST2, TNFR1, REG3α) in conjunction with Consensus

grading to better define risk groups. The addition of biomarkers improved stratification, with

a subset of patients with grade I/II aGVHD recategorized as Ann Arbor grade 3 with a 59%

6 month NRM, and another subset with grade III/IV aGVHD recategorized as Ann Arbor

grade 1, with a 0% 6 month NRM {citation needed when abstracts published}. The role of

microRNAs in the development of aGVHD is actively being investigated and may provide

further prognostic or predictive information.(13, 14)
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cGVHD is also primarily a clinical diagnosis. It is divided into “classic cGVHD” and

“overlap syndrome,” which includes features of both acute and chronic GVHD. Previously,

based on a study of 20 patients published in 1980, it was staged as “limited,” with localized

involvement, or “extensive,” with generalized skin involvement, aggressive hepatitis, or any

other target organ involvement.(15) In 2005, new NIH Consensus Criteria were published,

designed to provide more detailed information about individual organ involvement. A global

score of mild, moderate, or severe is generated.(16) The development of the NIH Consensus

Criteria has been one of the most important advancements in the study and treatment of

cGVHD, providing a platform to monitor response to treatment.

GVHD PROPHYLAXIS

Efforts to prevent aGVHD without compromising GVT are a major research objective.(17)

Methotrexate (MTX) was the original GVHD prophylaxis evaluated in the 1970s.(18)

Studies comparing cyclosporine (CSA) and MTX demonstrated equivalency,(19) but a

combination of MTX/CSA compared with MTX alone resulted in a significant reduction in

the cumulative incidence of grades II-IV aGVHD; no difference in the incidence of cGVHD

was noted.(20, 21) Two large phase III studies comparing tacrolimus with MTX to

CSA/MTX demonstrated reduced incidence of aGVHD with tacrolimus without difference

in the incidence of cGVHD.(22, 23) Mycophenolate mofetil (MMF) in combination with

calcineurin inhibitors has evidence of efficacy, but has no advantage over a calcineurin

inhibitor with MTX.(24, 25)

In vivo T cell depletion with polyclonal or monoclonal anti-T-cell antibodies effectively

reduce aGVHD, but increase risks of relapse, infection and graft failure. In a randomized

study of patients who received unrelated donor stem cells after myeloablative conditioning,

patients who received rabbit ATG with CSA/MTX had significant reductions of grade III-IV

aGVHD compared with those who received CSA/MTX alone.(26) ATG was associated with

a decrease in the 3-year incidence of extensive cGVHD (45% vs 12.2%).(27) CIBMTR data

appears to confirm concerns about the increased risk of relapse among RIC recipients.(28)

Ex vivo T cell depletion has been evaluated in a phase II study of AML patients receiving

myeloablative conditioning without post-transplant immune suppression, and has been

shown to be feasible, with low incidences of aGVHD and cGVHD.(29)

Other strategies to prevent aGVHD are under investigation. Sirolimus, an mTOR inhibitor

that preserves regulatory T cell function, has been evaluated in combination with tacrolimus

with or without MTX after both RIC and myeloablative conditioning with reductions in the

rates of aGVHD.(30–33) BMT CTN 0402 is a recently conducted phase III study of

sirolimus/MTX aGVHD prophylaxis compared with tacrolimus/MTX, and no difference

between the treatment arms was noted.(34) Post-transplant cyclophosphamide deletes

rapidly dividing alloreactive T cells and has been evaluated as a sole prophylaxis after

myeloablative conditioning with busulfan and cyclophosphamide. While the incidence of

grades II-IV aGVHD with this approach was just over 40%, the cumulative incidence of

cGVHD was strikingly low at 10%.(35) Recently published studies of bortezomib (36),

atorvastatin (37), vorinostat (38), and the CCR5 antagonist maraviroc (39) also appear
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promising. With infliximab, the incidence of aGVHD was not lowered, but the incidence of

bacterial and invasive fungal infections increased.(40)

The development of cGVHD is associated with lower risk of relapse and lower OS.(41)

Only two randomized studies designed to evaluate the prevention of cGVHD have been

conducted. In the first, hydroxychloroquine was administered up to a year after transplant,

with no differences in the incidences of aGVHD or cGVHD compared with placebo.(42) In

the second, patients treated with thalidomide had an increased rate of cGVHD and poor

survival compared with a placebo control.(43) A phase III study of Fresenius ATG

(NCT01295710) is ongoing and may provide more information. Better understanding of the

pathophysiology of cGVHD will lead to better prevention studies, though, as demonstrated

by a recent phase II study evaluating post-transplant rituximab. The cumulative incidences

of cGVHD and steroid-requiring cGVHD were significantly lower than in a control cohort,

and 4 year OS was superior (71% vs 56%, p=0.05).(44)

GVHD TREATMENT

There is no FDA-approved treatment for acute or chronic GVHD. The frontline treatment of

choice for both for patients needing systemic therapy is steroids. For patients with aGVHD,

the recommended starting dose is 2 mg/kg/day methylprednisolone or equivalent along with

continued calcineurin-based prophylaxis. Lower doses (1 mg/kg) have been evaluated in

patients with grade II aGVHD, with dose escalation to 2 mg/kg/day with progression. A

large retrospective study of the use of 1 mg/kg/day demonstrated no adverse effect on

outcome, but patients with more severe initial presentations were likely started on 2 mg/kg,

making direct comparisons of efficacy difficult.(45) Prospective randomized data shows no

advantage to using higher doses of steroids than 2 mg/kg/day initially.(46) There is no

benefit with a prolonged steroid taper after an initial response is achieved compared with a

more rapid taper.(47) Typically, tapering begins once manifestations of aGVHD start

showing a significant improvement, then continues at 10% of the starting dose every 3–5

days,(48) but the ideal schedule is not well-defined.

Attempts to improve on initial responses have proven frustrating. Multiple studies have

compared additional agents to steroids alone, including studies of IL-2R antibodies, horse

ATG, etanercept, infliximab, MMF, pentostatin, and sirolimus, and in most cases, no

additional benefit was seen.(48) In the case of daclizumab, 100-day and one year survivals

were significantly worse, owing both to relapse-related and GVHD-related mortality.(49)

BMT CTN 0302 was a 4-arm randomized phase II study of MMF, etanercept, denileukin, or

pentostatin with corticosteroids for the initial therapy of aGVHD. MMF was most

promising, and was taken to a phase III study, BMT CTN 0802. This study closed after a

planned futility analysis determined that it would not meet its primary endpoint of

improving GVHD-free survival. The inclusion of patients with early acute GVHD and

timing of initiation of MMF were factors that may have contributed to its failure.

aGVHD becomes steroid-refractory when it progresses within 3 days of initial treatment

with corticosteroids or is not improved after 5–7 days. There is no standard second-line

therapy, and a clinical trial should be offered wherever possible. Steroid-refractory aGVHD
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has a dismal prognosis, and second-line treatments have high failure rates. One-year survival

rates are approximately 20–30%.(48) There have been few prospective studies of second-

line agents and due to lack of standardization, their results are difficult to generalize. Studies

of MTX, MMF, extracorporeal photopheresis (ECP), IL-2R antibodies, alemtuzumab, horse

ATG, etanercept, infliximab, and sirolimus have been conducted, and while the average

response rate was approximately 50%, the median survival was only about 6 months, and no

agent was clearly superior.(48) Further immune suppression with second line therapy is

associated with increased infectious risk, particularly viral reactivation, contributing to the

risk of mortality.

For patients with cGVHD, the NIH consensus conference recommends systemic treatment

with corticosteroids for those with moderate or severe disease.(16) One mg/kg prednisone or

equivalent is standard, but no randomized studies comparing this with an alternate dose

exist. There are no consistent guidelines for tapering steroids for patients who have achieved

a response. The Seattle group has reported on an alternate day dosing regimen.(50, 51) The

median duration of therapy is 2–3 years.(52) A randomized study of CSA/prednisone versus

prednisone alone allowed for sparing of steroids in the combination arm, but no survival

benefit was noted.(53) As in aGVHD, attempts to improve on initial response rates have

proven frustrating. Two randomized studies of the addition of thalidomide to CSA and

prednisone demonstrated no additional benefit,(54, 55) and a large randomized multicenter

study evaluating the addition of MMF to initial systemic therapy was closed early because it

was unlikely to meet its primary end-point of 2-year survival off of systemic

immunosuppression.(56)

Half of patients require second-line treatment. NRM increases from 12% to 27% for patients

requiring a therapy change within 4 months of the start of treatment.(57) There is no

uniformly accepted definition of steroid-refractory cGVHD, resulting in different inclusion

criteria across studies.(58) Evidence-based guidelines determined that the strength of

recommendation for the majority of treatment options is category C, with only ECP,

pentostatin, rituximab, and thalidomide having level II recommendations.(58) Responses on

the mostly smaller phase II studies of these agents have ranged from 25–80%, but are often

incomplete and transient, and results need to be further evaluated in multicenter studies, as

in the recent CALGB study of pentostatin.(58) Mesenchymal stromal cells have been

evaluated in small studies for the prevention and treatment of GVHD, but proof of efficacy

is lacking.(59) More recent research has focused on targeted interventions based on the

pathophysiology of cGVHD, and studies of low-dose IL-2,(60) imatinib,(61) and rituximab

(62) have been promising.

Conclusions

Our ability to prevent or treat GVHD has not clearly improved over the past two decades. In

part, this has been due to poor understanding of the pathogenesis of GVHD, vague grading

criteria, and a failure to standardize clinical studies, follow single-institution studies up with

prospective multicenter studies, and report negative studies.
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We rely predominantly on the Consensus criteria for aGVHD grading, which provides

limited prognostic information. The addition of biomarkers promises to further define which

patients are at highest risk. These patients, defined as high-risk by Ann Arbor grading,

represent an ideal group for clinical studies of novel therapeutic agents. Likewise, clinical

trials evaluating minimization of treatment can target low-risk patients. MicroRNAs may be

able identify patients prior to clinically evident disease, allowing for pre-emptive therapies.

The development of the NIH Consensus Criteria for cGVHD represents a significant

advance, providing a clinically useful severity measure for use in clinical trials.(16)

Prospective data is emerging from the Chronic GVHD Consortium studies confirming risk

factors identified in the CIBMTR study (3) and may define patients less likely to respond to

initial steroid therapy.

Responses to treatment are suboptimal, and patients should be offered a clinical trial

whenever possible. Variations in donor type and matching, stem cell source, and

conditioning, as well as inconsistencies in study design, have hampered interpretation of

prospective aGVHD studies, and the best endpoint for an aGVHD prophylaxis study has not

been defined. Day 28 has emerged as a standard response evaluation point in aGVHD

studies because it also correlates with NRM.(63) Likewise, clinical studies in cGVHD have

been hampered by a failure to specify a time for response assessment, define objective

criteria for response, account for concomitant treatments, or identify a historical benchmark

to identify a null hypothesis.(64) Standardization of methods, response criteria, and

inclusion and exclusion criteria would allow for better comparisons across studies. Because

of the limited number of patients and the expense associated with conducting phase III

studies, phase II studies in GVHD should be performed with the highest rigor to identify the

best agents to take forward. Institutional practice variations impact outcomes in single-

institution studies, and multicenter studies are vital to the advancement of GVHD research.

The BMT CTN and the Chronic GVHD Consortium provide avenues for the conduct of

multicenter phase II studies which can be confidently taken forward to phase III studies.

Two such examples, BMT CTN 1203, evaluating maraviroc, bortezomib, or post-transplant

cyclophosphamide as aGVHD prophylaxis following RIC, and BMT CTN 1301, evaluating

post-transplant cyclophosphamide, ex vivo T cell depletion, and a control arm following

myeloablative conditioning in patients with acute leukemia and myelodysplastic syndrome

are currently in development.

Moving forward, the identification of novel hypotheses regarding the prevention and

treatment of GVHD as well as development of agents to test these hypotheses will be

critical.(65) In addition to the trials mentioned, aGVHD prophylaxis studies with RGI-2001,

a liposomal formulation of alpha-GalCer, a CD1d ligand, which induces regulatory T cells,

and milatuzumab, an anti-CD74 monoclonal antibody that targets dendritic cells, are

ongoing. Both trials are being conducted with the support of pharmaceutical companies,

which will be crucial owing to the expense of many novel therapeutics. The atorvastatin data

is particularly intriguing in part because of its availability and ease of use, and further

studies are ongoing.(66)

GVHD remains a major barrier to the success of allo-SCT. While progress in its prevention

and treatment has been limited, advancements have been made in understanding its
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pathogenesis, as well as in grading and risk prediction, particularly in aGVHD. These

advances and an understanding of the need to conduct well-defined multicenter studies will

hopefully translate to improvements in patient outcomes in the near future.
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KEY POINTS

1. The success of allogeneic stem cell transplantation has been limited by the

development of acute and chronic graft-versus-host disease

2. Little progress has been made over the past 2 decades with respect to preventing

and treating this potentially fatal complication

3. Better understanding of the pathogenesis of GVHD and development of

biomarkers has led to better risk-stratification in patients with acute GVHD, and

development of NIH Consensus Criteria for grading chronic GVHD has

provided a platform for uniform response evaluation.

4. There is an urgent need for rationally designed, uniformly conducted

prospective studies of novel therapeutic agents which can be brought forward to

multicenter studies within the BMT CTN or the Chronic GVHD Consortium.
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Figure 1.
Pathogenesis if acute GVHD. Tissue damage from conditioning chemotherapy or raditation

leads to immune priming and activation of antigen presenting cells (APC), follwed by

activation and expansion of alloreactive T cells. These T Cells traffic to target organs and

medicate tissue injury resulting in acute GVHD.

Jaglowski and Devine Page 13

Curr Opin Hematol. Author manuscript; available in PMC 2015 March 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript


