
Korean J Hematol Vol. 43, No. 1, March, 2008 □ ReviewArticle□

The Strategies for the Prevention of Chronic GVHD in 
Hematopoietic Stem Cell Transplantation 

Jong-Wook Lee, M.D., Ph.D.

Division of Hematology, Department of Internal Medicine, Catholic Hematopoietic Stem Cell Transplantation Center, 
College of Medicine, The Catholic University of Korea, Seoul, Korea

󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚
Chronic graft-versus-host disease (GVHD) is the most frequent late complication after hematopoietic cell 

transplantation and has a major impact on the quality of life and survival. As the pathophysiology of 

GVHD is still incompletely understood, it has been difficult to design effective prophylactic regimens. 

However, prevention of acute GVHD appears to result in a lower incidence of chronic GVHD. The use 

of younger, non-allo-sensitized donors, preferentially of the same sex as the patient, and the use of stem 

cells other than G-CSF-mobilized peripheral blood stem cells, are associated with a decreased frequency 

of chronic GVHD. Further, the incorporation of thymoglobulin into the conditioning regimen has been 

demonstrated as beneficial to reduce chronic GVHD and delayed complications. (Korean J Hematol 

2008;43:1-8.)
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INTRODUCTION

  Hematopoietic cell transplantation (HCT) provides 

curative therapy for various diseases. Current data show, 

indeed, that patients transplanted for aplastic anemia 

and patients without chronic GVHD have life expect-

ancies similar to age-matched controls.1,2) However, GVHD 

has remained a frequent complication. With the increase 

in numbers of transplants over the past three decades 

and considerable improvement in early post- transplant 

survival, a growing population of survivors is at risk of 

developing late complications including chronic GVHD. 

  An early acute form of GVHD and a delayed chronic 

form have been described.3) However, a clear distinction 

between acute and chronic GVHD is no longer tenable. 

Observations in patients transplanted with reduced-in-

tensity conditioning (RIC) regimens or in patients re-

ceiving donor lymphocyte infusions (DLI) at various 

time intervals after HCT indicate that patients may have 

acute GVHD several months after transplantation.4) 

Conversely, GVHD with characteristics of the “chronic” 

form can occur as early as 2 months after transplan-

tation.4,5) The recent NIH Consensus Conference sug-

gested to distinguish two categories of GVHD: 1) acute 

GVHD (absence of features consistent with chronic 

GVHD) comprising a) classic acute GVHD (before day 

100), and b) persistent, recurrent or late acute GVHD 

(after day 100, often upon withdrawal of im-

munosuppression); and 2) chronic GVHD comprising a) 

classic chronic GVHD (no signs of acute GVHD), and 

b) an overlap syndrome, in which features of both acute 

and chronic GVHD are present.6)

  GVHD can also occur following administration of 
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blood transfusions (transfusion-associated GVHD) or, 

under certain circumstances, in patients receiving autol-

ogous or syngeneic transplants.
7) 

RISK FACTORS AND INCIDENCE

  The most significant risk factor for chronic GVHD is 

the development of acute GVHD. Early studies showed 

that about 25% of patients without preceding evidence 

of acute GVHD develop “de novo” chronic GVHD, 

compared to 60% of those with grade I, and 80% of 

those with grades II-IV acute GVHD.
8)
 Thus, in princi-

ple, any successful approach to the prevention of acute 

GVHD should also reduce the frequency of chronic 

GVHD. Risk factors for the development of acute 

GVHD, in turn, include histoincompatibility (HLA and 

“minor” non-HLA antigens) between donor and recipi-

ent, increasing patient and donor age, and the intensity 

of the conditioning regimen used to prepare patients for 

HCT. The use of G-CSF-mobilized peripheral blood 

stem cells (PBSC) rather than marrow as a source of do-

nor stem cells has been associated with an increased in-

cidence of acute GVHD in some studies and has con-

sistently resulted in more chronic GVHD.
9)
 Of note, 

however, this increased incidence of chronic GVHD did 

not appear to be reflected in decreased survival in pa-

tients transplanted from HLA-identical siblings and 

might have had a beneficial effect on the prevention of 

disease recurrence in patients at high risk for relapse.
9)

  The CD34
＋
 cell dose in PBSC grafts may affect the 

development of extensive chronic GVHD after HLA- 

identical sibling transplantation.
10)
 The use of umbilical 

cord blood appears to be associated with low rates of 

chronic GVHD.
11)
 

  In one study among recipients who survived at least 

150 days after HLA-identical marrow transplant the 

probability of chronic GVHD was 13% in children less 

than 10 years old, 28% in adolescents 10∼19 years old, 

and 42∼46% in adults over age 20 years.
12) 

  Among ethnically more homogeneous populations, 

presumably sharing minor histocompatibility antigens 

(mHAs), lower rates of chronic GVHD have been 

reported.
13)
 IBMTR study showed that Americans were 

at significantly higher risk for acute and chronic GVHD 

compared to Japanese among pediatric patients who re-

ceived HLA-identical sibling marrow transplant (relative 

risk 1.93; P=0.04 and 3.16; P=0.002, for acute and 

chronic GVHD, respectively).
14)
 An increased risk of 

chronic GVHD is also associated with grafts from fe-

male donors for male recipients, particularly if the do-

nor was alloimmunized by pregnancy or, less frequently, 

prior transfusions.
15)
 The best explanation for this clin-

ical observation is that mHAs encoded on the Y chromo-

some can elicit responses from female donors against 

male recipients.
16) 

  Further, some reports suggest that certain HLA anti-

gens are associated with an increased incidence of 

chronic GVHD in a given ethnic group, for example 

HLA-DR4 in European patients and HLA-B54 in 

Koreans.
17-19)

  There have been conflicting reports regarding the re-

lationship between hematopoietic growth factor use 

(G-CSF and GM-CSF) after HCT and the development 

of GVHD. A meta-analysis of 18 studies including 1,198 

patients failed to reveal differences in the incidence of 

acute or chronic GVHD in patients who did or did not 

receive hematopoietic growth factors.
20)

PATHOPHYSIOLOGY

  The pathophysiology of chronic GVHD is incom-

pletely understood, making it difficult to devise inter-

ventional strategies that would be based on disease 

mechanisms. It is, therefore, not surprising that only few 

studies have been reported that were aimed specifically 

at the prevention of chronic GVHD.

  Murine chronic GVHD can be induced by trans-

plantation across class I, class II, or minor histocompati-

bility barriers using irradiation-based regimens or parent 

into F1 haploidentical combinations without condi-

tioning. In mice, chronic GVHD manifestations are 

highly dependent on the age of the mice, the strain com-

binations selected, the number and type of donor cells 

injected, and the preparative regimen. It has been diffi-

cult, however, to extrapolate the murine studies to 

humans. 

  Conditioning in preparation for transplantation leads 

to thymic damage, which in turn may interfere with the 



Jong-Wook Lee: Prevention of Chronic GVHD  3

elimination of self-reactive T lymphocytes and prevent 

the development of tolerance. Earlier studies in rodent 

models suggested that this effect was amplified by the 

administration of calcineurin inhibitors such as cyclo-

sporine (CSP).
21)
 More recent data from murine mod-

els
22)
  indicate specifically that T cells escaping from 

thymic selection are involved in the development of 

chronic GVHD. Studies by Zhang et al.
23)
 show that 

CD25
−
CD4

＋
 T and B cells are required for chronic 

GVHD to develop, whereas the presence of CD25
＋
CD4

＋
 

(regulatory) T cells prevented the disease induction. 

While IL-12 may enhance chronic GVHD development, 

IL-18 may interfere.
24) 

The role of IL-7 has been some-

what controversial. Initial studies
25,26)

 suggested that 

IL-7 had a role in promoting peripheral T-cell recon-

stitution and did not aggravate GVHD. However, work 

by Sinha et al.
27)
 indicates that IL-7 may aggravate 

GVHD, and Chung et al. showed that IL-7 was required 

to induce GVHD in a murine model.
28)

  Clinical studies have shown decreased levels of TREC 

cells in chronic GVHD, consistent with diminished gen-

eration of T cells by the thymus.
29)
 Current studies are 

investigating whether an artificial thymus may over-

come or bypass thymic atrophy and dysfunction.
30)  

Thymic dysfunction is compounded by the absence of 

peripheral tolerance mechanisms (e.g. regulatory T cells). 

Autoreactive T lymphocytes appear to be important ef-

fector cells leading to interferon gamma-mediated in-

crease in collagen deposition and fibrosis, a characteristic 

feature of chronic GVHD.
31)

PREVENTIVE STRATEGIES

  As discussed above, clinical studies have identified nu-

merous recipient, donor, and transplant related factors 

that are associated with higher rates of chronic GVHD. 

Many of these factors, including older age, diagnosis 

(e.g., chronic myeloid leukemia, aplastic anemia), and 

lack of HLA-matched donors cannot be modified. Other 

factors are modifiable. Assuming availability of multiple 

HLA-matched donors, selection of a younger related 

male donor, use of bone marrow rather than peripheral 

blood, and, possibly, limitation of CD34
＋
 and T-cell 

doses infused may reduce the risk of chronic GVHD.

  Attention has recently focused on the role of recipient 

and donor antigen presenting cells (APCs) in attempts 

to prevent acute GVHD while preserving graft-ver-

sus-tumor effects. In patients with myeloid malignancies 

undergoing haplotype-mismatched and killer immuno-

globulin-like receptor (KIR) mismatched transplanta-

tion, decreased rates of acute GVHD, decreased relapse 

rates, and higher overall survival rates have been 

reported. Chronic GVHD rates were generally not in-

cluded in those reports. The proposed mechanism of ac-

tion is elimination of host APCs (decreasing acute 

GVHD) and host tumor cells (decreasing relapse rates) 

by uninhibited donor natural killer (NK) cells.
32) 

Anoth-

er approach to depletion of host APCs has been ex-

tracorporeal photopheresis (ECP) in the patient prior to 

infusion of donor stem cells. In a small series, Chan et 

al.
33)
 reported lower rates of extensive chronic GVHD, 

especially when donor dendritic cell (DC) chimerism 

was achieved by day 100.

  Chao and colleagues conducted a prospective, dou-

ble-blind study in which 59 patients were randomized 

to receive, starting on day 80 after HCT, either placebo 

or thalidomide (2×200mg/day), which had been used 

therapeutically for chronic GVHD, with the aim of pre-

venting chronic GVHD.
34)
 A first interim analysis (based 

on intent to treat) showed a significant difference in the 

incidence of GVHD. Paradoxically, however, the in-

cidence of chronic GVHD was higher (P=0.06) and 

overall survival lower (P=0.006) among thalidomide 

treated patients, suggesting to the authors that thalido-

mide had interfered with the establishment of tolerance. 

These data were reminiscent of earlier experiments in 

rodent models, which provided evidence that CSP could 

interfere with tolerance development via injury of the 

thymic stroma.
21)
 

  There was also considerable interest in the use of in-

travenous immunoglobulin (IVIG) for the prevention of 

infections as well as GVHD in patients after HCT. 

However, only one randomized study suggested a bene-

fit for the prevention of acute GVHD, and none showed 

any significant impact on the incidence of chronic 

GVHD.
35)

  Seattle group randomized patients transplanted from 

HLA-identical siblings, or from alternative donors to re-
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ceive prophylactic CSP (starting at the time of trans-

plant) for 6 months or for 24 months after HCT. 

Patients who did not have clinical manifestations of 

chronic GVHD on day 80 after HCT were eligible if 

they previously had experienced acute GVHD or if a 

skin biopsy showed histologic evidence of (subclinical) 

chronic GVHD. There were 79 patients randomized to 

6 months and 90 to 24 months of CSP. Extensive chron-

ic GVHD developed in 35 of the evaluable 89 patients 

(39%) in the 24 months group, and 37 of 73 evaluable 

patients (51%) in the 6 months group, and, thus, the 

hazard of developing chronic GVHD (0.76, 95% con-

fidence interval 0.48∼1.21) was not significantly dif-

ferent (P=0.25). Also, there were no significant differ-

ences between the two groups in regards to trans-

plantation-related mortality, survival, or disease-free 

survival.
36)

  Trials of ex vivo T-cell depletion for GVHD pre-

vention using monoclonal antibodies against various T 

cell epitopes have generally resulted in a reduced in-

cidence of acute GVHD, but have had a lesser impact 

on the development of chronic GVHD.
37)
 Those studies 

include a large randomized trial recently reported by 

Wagner, et al., which showed that the use of T10B9 anti-

body or soybean lectin agglutination plus CSP did not 

offer a significant advantage in comparison to CSP/me-

thotrexate prophylaxis, with incidences of chronic 

GVHD of 24% and 29%, respectively.
38)

  Nevertheless, there are data to suggest that some 

T-cell depletion approaches, for example, the use of an-

ti-CD52 antibodies (Campath 1G, 1H and 1M) will re-

duce the incidence of chronic GVHD. Campath-1M has 

been used mostly “in the bag”, i.e. for in vitro treatment 

of the donor cell mixture before infusion into the pa-

tient, Campath-G mostly in vivo, either as part of the 

conditioning regimen or after HCT (or both). Kottaridis 

et al.
39)
 prepared 44 patients with hematologic malig-

nancies with fludarabine and melphalan and added 

Campath-1H at 20mg/day on days -8 to -4; 36 patients 

received PBSC from HLA-identical siblings and 8 re-

ceived marrow from HLA-matched unrelated donors. 

Most patients received only CSP for additional GVHD 

prophylaxis. Among 43 evaluable patients, 42 had sus-

tained engraftment (although only 18 of 31 patients 

studied were full donor chimeras). At a median fol-

low-up of 9 months, 33 patients were alive in remission 

(or with stable disease), and only one patient was re-

ported as having developed chronic GVHD. 

  The use of an anti-CD6 antibody plus complement for 

in vitro T-cell depletion resulted in an incidence of 

chronic GVHD of less than 15% in HLA-identical sib-

ling transplants.
40)

  Recently, there has also been a renewed interest in in 

vivo T-cell depletion/inactivation, using polyclonal anti-

bodies, particularly rabbit antithymocyte globulin (Thy-

moglobulin; ATG). Thymoglobulin has been incorpo-

rated in various conditioning regimens or has been given 

shortly after HCT.
41-44)

 In a small randomized trial in 

patients given unrelated donor transplants and Thymo-

globulin at 15mg/kg, the incidence of chronic GVHD 

was 39% as compared to 62% in controls (P=0.04).41)  

Seattle’s data in patients conditioned with a regimen of 

targeted busulfan and cyclophosphamide to which Thy-

moglobulin was added on days -3, -2, and -1 for total 

doses of 4.5 or 6mg/kg, suggested a reduction in the fre-

quency of GVHD, particularly in its chronic form.
45)
 

They noted that in patients transplanted with PBSC 

from related or unrelated donors the frequency of 

chronic GVHD was reduced to or below the level ob-

served previously in patients who received marrow as a 

source of stem cells.
45)
 A similar beneficial effect was 

observed by Schetelig et al.
46)
 who noted a chronic 

GVHD incidence of 23% in 38 patients conditioned with 

a regimen of fludarabine (180mg/m
2
)＋busulfan (8mg/ 

kg) combined with ATG (40mg/kg) compared to 54% 

in 45 patients conditioned without the use of ATG 

(P=0.02). Bacigalupo et al. showed in a long-term fol-

low-up study that patients who had received Thymo-

globulin as part of the conditioning regimen had a lower 

incidence of chronic GVHD and developed fewer pul-

monary complications, as determined by superior lung 

function test during follow-up.
42)
 Similar experience 

have been reported by our center that the addition of 

low dose Thymoglobulin (1.25mg/kg/day, D-3, D-2) in 

combination with TBI and cyclophosphamide in 12 

AML patients who received PBSC from unrelated mis-

matched donor resulted in none of moderate or severe 

acute GVHD and relapse.
47) 

One report suggests that the 
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mechanism by which Thymoglobulin may reduce the 

frequency of chronic GVHD and induce tolerance is via 

induction of regulatory T cells (CD4
＋
CD25

high
).

48)

  There is data to suggest that B lymphocytes are also 

involved in the pathophysiology of chronic GVHD.
49)  

Rituximab is a chimeric murine-human anti-B-cell 

(CD20) antibody that has been reported to have activity 

in treating chronic GVHD and other autoimmune 

diseases.
50) 

A clinical trial to determine if administration 

of rituximab after HCT can reduce the incidence of 

chronic GVHD is ongoing in US multi-center study.

IMPLICATIONS OF CHRONIC GVHD

  Chronic GVHD with the associated immunodefi-

ciency, and the effects of glucocorticosteroids and other 

immunosuppressive treatment used to control GVHD, 

represent the most frequent late complications after al-

logeneic HCT. 

  The risk of non-relapse mortality is higher for pa-

tients with chronic GVHD with direct progression from 

acute GVHD; for patients with platelet counts ＜100,000/

μL; hyperbilirubinemia, extensive skin disease, or mul-

tiple organ involvement; and low clinical performance 

score.
51,52) 

If not treated adequately and in severe cases, 

chronic GVHD can result in major disability related to 

keratoconjunctivitis sicca, pulmonary insufficiency due 

to bronchiolitis obliterans, or restrictive lung disease re-

lated to scleroderma or fasciitis, as well as joint con-

tractures, skin ulcers, esophageal and vaginal stenosis, 

and others.
6,53)

  Most patients require glucocorticosteroids or other 

agents for at least 2 years from the initial diagnosis of 

chronic GVHD.
51)
 Approximately 10% of patients re-

quire continued immunosuppressive treatment beyond 5 

years from the initial diagnosis of chronic GVHD, and 

40% die or experience a recurrence of their malignancy 

before chronic GVHD resolves, while 50% of patients 

discontinue treatment within 5 years from the initial di-

agnosis of chronic GVHD.
51) 

Therefore, it is not surpris-

ing that corticosteroid and other therapies are major 

contributors of late complication after allogeneic HCT. 

Ancillary and supportive care directed at organ-specific 

control of symptoms or complications resulting from 

GVHD and its therapy are central to the management 

of chronic GVHD. However, most of the recommen-

dations in the current ancillary and supportive care 

guidelines for patients with chronic GVHD are only 

based on expert consensus opinion (level III) rather than 

controlled studies, which highlights the need for more 

clinical research.
54)

CONCLUSIONS

  Current strategies for the prevention of chronic 

GVHD are limited. Prevention of acute GVHD is of 

central importance. Judicious selection of donor and 

stem cell source and the use of monoclonal or polyclonal 

antibodies may result in a lower incidence of chronic 

GVHD than observed in earlier trials. As prophylactic 

measures have met with only limited success, long-term 

clinical monitoring is necessary to identify early signs of 

chronic GVHD, assess activity versus sequelae caused by 

GVHD, determine treatment-related toxicity and, most 

importantly, to prevent late complications. It will be  

useful to apply the 0∼3 scoring system proposed by the 

NIH Consensus Group to assess chronic GVHD manifes-

tation in each organ.
6)
 NIH Consensus proposal will be 

used for this assessment tool at the time of initial diag-

nosis, at any time when changes occur during the ther-

apy to control GVHD (e.g., due to an increase in the 

dose of corticosteroid ≥1mg/kg every-other-day, sub-

stitution of one therapy for another, or additional ther-

apy), and at 6∼12 months intervals as long as manifes-

tations of GVHD persist or immunosuppressive treat-

ment continues. 
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