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Risk factors for grades 2-4 acute graft-
versus-host disease (GVHD) and for
chronic GVHD as defined by National
Institutes of Health consensus criteria
were evaluated and compared in 2941
recipients of first allogeneic hematopoi-
etic cell transplantation at our center. In
multivariate analyses, the profiles of risk
factors for acute and chronic GVHD were
similar, with some notable differences.
Recipient human leukocyte antigen (HLA)
mismatching and the use of unrelated

donors had a greater effect on the risk of
acute GVHD than on chronic GVHD,
whereas the use of female donors for
male recipients had a greater effect on
the risk of chronic GVHD than on acute
GVHD. Total body irradiation was strongly
associated with acute GVHD, but had no
statistically significant association with
chronic GVHD, whereas grafting with mo-
bilized blood cells was strongly associ-
ated with chronic GVHD but not with
acute GVHD. Older patient age was asso-

ciated with chronic GVHD, but had no
effect on acute GVHD. For all risk factors
associated with chronic GVHD, point esti-
mates and confidence intervals were not
significantly changed after adjustment for
prior acute GVHD. These results suggest
that the mechanisms involved in acute
and chronic GVHD are not entirely congru-
ent and that chronic GVHD is not simply
the end stage of acute GVHD. (Blood.
2011;117(11):3214-3219)

Introduction

During the past 3 decades, several studies have identified risk
factors associated with the development of acute and chronic
graft-versus-host disease (GVHD).1 In these studies, acute GVHD
generally referred to disease manifestations that occurred within
the first 100 days after hematopoietic cell transplantation (HCT),2-4

and chronic GVHD referred to disease manifestations that were
present after day 100.5 The most consistently reported factors
significantly associated with an increased risk of grades 2-4 acute
GVHD were recipient human leukocyte antigen (HLA) mismatch-
ing with the donor,6-8 alloimmunization of the donor,9-12 the use of a
female donor for male recipients,9,11-13 and older patient age.11,13,14

Less consistently reported risk factors have included prior cytomeg-
alovirus infection in the recipient,14,15 higher intensity of the
conditioning regimen (irradiation),12,14 donor age,16 and grafting
with growth factor–mobilized blood cells.14,17 For chronic GVHD,
the most consistently reported risk factors include prior acute
GVHD,18-20 grafting with growth factor–mobilized blood cells,17,21,22

the use of a female donor for male recipients,19,20,23 older patient
age,18-20,23 and mismatched and unrelated donors.20,24

The objective of the current study was to compare risk factor
profiles for grades 2-4 acute and chronic GVHD. For this purpose,
we used diagnostic criteria recommended by the National Institutes
of Health (NIH) Consensus Development Project on Criteria for
Clinical Trials in Chronic Graft-versus-Host Disease.25 According
to these criteria, acute and chronic GVHD are distinguished by

differences in clinical manifestations and not by the time after HCT.
Differences in the profile of risk factors for acute GVHD and NIH
chronic GVHD would suggest that these syndromes result from distinct
pathogenic pathways. Elucidation of risk factors would also help to
identify subgroups of patients who might benefit from new approaches
for the prevention of acute and chronic GVHD.

Methods

Patients

This retrospective study included 2941 adult and pediatric patients who
received a first related or unrelated allogeneic HCT with bone marrow or
growth factor–mobilized blood cells after high-intensity (ie, myeloablative)
conditioning regimens for treatment of hematologic malignancies between
July 1992 and December 2005 at the Fred Hutchinson Cancer Research
Center/Seattle Cancer Care Alliance. Patients had given written consent
allowing the use of medical records for research in accordance with the
Declaration of Helsinki, and the institutional review board approved the
study. Follow-up clinical information was available from medical records
submitted by referring physicians and from documentation generated by a
dedicated long-term follow-up clinical program.

Definition

Acute GVHD was graded according to previously described criteria.26

Endoscopic biopsies were used to establish the diagnosis of grade-2 GVHD
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in patients with isolated upper gastrointestinal tract symptoms such as
anorexia, nausea, and emesis.27 All cases of historically defined chronic
GVHD requiring systemic treatment were retrospectively reclassified
according to the presence or absence of features as defined in the NIH
consensus criteria at onset.25,28 Patients with historically defined chronic
GVHD that met NIH criteria at onset were considered thereafter as having
NIH chronic GVHD. Patients with historically defined chronic GVHD that
did not meet NIH criteria were classified as late-acute GVHD. Records for
these patients were reviewed to ascertain the subsequent onset of any
chronic GVHD according to NIH criteria.

Statistical analysis

We evaluated differences in risks for acute GVHD that occurred at any time
after HCT and for NIH chronic GVHD requiring systemic treatment.
Patients with de novo NIH “overlap syndrome” were considered to have
both acute and chronic GVHD. Patients with de novo NIH “classic” chronic
GVHD who later developed overlap syndrome were considered to have
acute GVHD at the onset of overlap syndrome. Cox regression analyses
were used to evaluate risk factors for both types of GVHD, treating death or
recurrent malignancy without GVHD as competing events. Risk factors
evaluated for association with grades 2-4 acute GVHD and for NIH chronic
GVHD included patient and donor ages at transplantation, donor type, type
of graft (marrow or growth factor-mobilized blood cells), recipient/donor
sex combination, use of total body irradiation (TBI) or rabbit anti-
thymocyte globulin (ATG) in the conditioning regimen, prior infection of
patient or donor with cytomegalovirus, a diagnosis of chronic myeloid
leukemia (CML), and myeloid malignancy. HLA matching of donor and
recipient pairs was based on the best available typing results at the time of
the analysis, including typing provided by the National Marrow Donor
Program (NMDP) for some unrelated donor and recipient pairs.29

Multivariate models were also adjusted for year of transplantation.
A separate analysis of risk factors for NIH chronic GVHD included
adjustment for prior acute GVHD. Factors having a P value of less than
.1 for association with acute GVHD or with NIH chronic GVHD by
univariate testing were added sequentially to a multivariate Cox regression
model using a step-up procedure until the P value for the likelihood ratio
test was more than .05. Cumulative incidence estimates of acute and NIH
chronic GVHD and the associated 95% confidence intervals (CIs) were
derived according to methods described previously.30 The analysis was
carried out as of July 2009.

Results

The median age of the study cohort at the time of HCT was 40 years
(range, 0.6-71 years). Of the 2941 patients, 1927 (66%) received
bone marrow, 1284 (44%) had HLA-matched related donors,
780 (26%) had HLA-matched unrelated donors, and 877 (30%) had
HLA-mismatched related or unrelated donors. Other demographic
characteristics of the cohort are summarized in Table 1.

Cumulative incidence estimates of acute grades 2-4 GVHD and
NIH chronic GVHD

The cumulative incidence of grades 2-4 acute GVHD at 6 months
was 80% (95% CI, 78%-81%), including patients with isolated
upper gastrointestinal GVHD27 (Figure 1 top panel). The 2-year
cumulative incidence of NIH chronic GVHD treated with systemic
immunosuppression was 34% (95% CI, 32%-35%; Figure 1
bottom panel). Of the 2941 patients in our study, 461 (16%) did not
develop either acute GVHD or NIH chronic GVHD. In the entire
cohort, 1433 (48.7%) patients had acute GVHD without NIH
chronic GVHD, 100 (3.4%) had NIH chronic GVHD without acute
GVHD, and 922 (31.3%) had both acute GVHD and NIH chronic
GVHD. Among these 922 patients, 840 (91%) had acute GVHD

before NIH chronic GVHD, 77 (8%) developed de novo NIH
overlap syndrome, and 5 (0.5%) patients with de novo NIH classic
chronic GVHD subsequently developed NIH overlap syndrome.
The median time from HCT to onset of acute grades 2-4 GVHD
was 20 (range, 3-711) days. The median time from HCT to onset of
NIH chronic GVHD was 162 (range, 66-2805) days.

Risk factors for the development of grades 2-4 acute GVHD

As shown in Figure 2, the multivariate analysis identified 4 factors
strongly associated with an increased risk of grades 2-4 acute
GVHD with P � .001. These risk factors included HCT with
HLA-matched unrelated donors (HR, 1.66; 95% CI, 1.48-1.85),
HCT with HLA-mismatched related donors (HR 1.74; 95% CI,
1.49-2.03), HCT with HLA-mismatched unrelated donors (HR,
2.00; 95% CI, 1.78-2.25), all compared with HCT with HLA-
matched related donors, and the use of TBI in the conditioning
regimen (HR 1.49; 95% CI, 1.27-1.54) compared with no TBI in
the conditioning regimen. The use of a female donor for a male
recipient was also associated with an increased risk of grades 2-4
acute GVHD, (HR, 1.14; 95% CI, 1.04-1.25; P � .006). The
2 factors associated with a decreased risk of grades 2-4 acute
GVHD were the use of rabbit ATG in the pretransplantation
conditioning regimen (HR 0.77; 95% CI, 0.58-1.03; P � .08) and
diagnosis of CML (HR, 0.87; 95% CI, 0.79-0.95; P � .003).

Table 1. Characteristics of the study cohort

Characteristic Value

No. of patients 2941

Median age (range), y 40.3 (0.6-71.6)

Diagnosis at transplantation, no. (%)

Acute myeloid leukemia 859 (29)

Acute lymphoid leukemia 419 (14)

Chronic myeloid leukemia 895 (30)

Myelodysplastic syndromes including

myeloproliferative diseases

504 (17)

Chronic lymphocytic leukemia and lymphomas 191 (7)

Multiple myeloma 73 (2)

Disease at transplantation, no. (%)*

Low risk 646 (22)

Standard risk 1419 (48)

High risk 877 (30)

Donor age, median (range), y 38.6 (0.9-81.7)

Donor/patient sex, no. (%)

Female/male 722 (25)

Other 2219 (75)

High-intensity conditioning regimens, no. (%)

With TBI 1730 (59)

Without TBI 1137 (39)

With rabbit ATG 74 (3)

GVHD prophylaxis, no. (%)

Methotrexate with calcineurin inhibitors 2394 (81)

Other 547 (19)

Graft source, no. (%)

Mobilized blood hematopoietic stem cells 1014 (34)

Bone marrow 1927 (66)

Donor type, no. (%)

HLA-identical related 1284 (44)

HLA-matched unrelated 780 (26)

HLA-mismatched related 270 (9)

HLA-mismatched unrelated 607 (21)

*Low-risk diseases included CML in chronic phase; high-risk diseases included
acute leukemia not in remission, CML in blast crisis, refractory anemia with excess
blasts (RAEB), or RAEB in transformation and myeloma; all other diseases and
stages were categorized as standard risk.
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Grafting with growth factor–mobilized blood cells and patient and
donor age showed no statistically significant associations with risk
of grades 2-4 acute GVHD (Figure 2).

Risk factors for development of NIH chronic GVHD treated with
systemic immunosuppression

Seven factors showed statistically significant associations with an
increased risk of NIH chronic GVHD (Figure 2 and Table 2): HCT

with HLA-matched unrelated donors (P � .001), HCT with HLA-
mismatched related donors (P � .05), HCT with HLA-mismatched
unrelated donors (P � .001), all compared with HCT with HLA-
matched related donors, the use of a female donor for a male
recipient (P � .001), grafting with mobilized blood cells (P � .001),
and older donor and recipient age (P � .006 and � .001, respec-
tively). As shown in Figure 2, 2 factors associated with a decreased
risk of NIH chronic GVHD were the use of rabbit ATG in the
pretransplant conditioning regimen (P � .06) and a diagnosis of
CML (P � .04).

A separate analysis was carried out to assess the association of
acute GVHD with risk of NIH chronic GVHD. When acute GVHD
was evaluated as a time-dependent covariate with no adjustment
for the risk factors listed in the left column of Table 2, results
showed no statistically significant association of grade 1 (HR,
0.90; 95% CI, 0.62-1.30) or grade 2 (HR, 1.14; 95% CI, 0.95-1.37)
acute GVHD with risk of NIH chronic GVHD. Grades 3-4 acute
GVHD, however, showed a statistically significant association with
an increased risk of NIH chronic GVHD (HR, 1.42; 95% CI,
1.14-1.77).

Table 2 compares risk factors for NIH chronic GVHD before
and after adjustment for prior acute GVHD. Adjustment for prior
acute GVHD produced little change in the hazard ratio point
estimates and 95% confidence intervals for the association of
other risk factors with NIH chronic GVHD. The absence of major
change in the model indicates that the association of risk factors
with NIH chronic GVHD is independent of their association with
acute GVHD.

Comparison of risk factors for acute GVHD and NIH chronic GVHD

Whereas the overall profiles of risk factors for grades 2-4 acute
GVHD and NIH chronic GVHD were similar, we found some
notable differences (Figure 2). Recipient HLA mismatching and
grafts from unrelated donors had a greater effect on the risk of acute
GVHD compared with the effect on NIH chronic GVHD, whereas
the use of a female donor for a male recipient had a greater effect on
the risk of NIH chronic GVHD compared with the effect on the risk
of acute GVHD. Our analysis identified 3 discordant associations
with acute GVHD and NIH chronic GVHD: (1) the use of a

Figure 1. Cumulative incidence of grades 2-4 acute GVHD (top panel) and NIH
chronic GVHD (bottom panel).

Figure 2. Multivariate risk factor profiles for grades 2-4 acute GVHD and NIH
chronic GVHD. Hazard ratio and 95% CI for each risk factor are shown. The analysis
included 2355 grades 2-4 acute GVHD events and 1022 NIH chronic GVHD events.
Hazard ratios are relative to patients without the risk factor.

Table 2. Multivariate analysis of risk factors for NIH chronic GVHD
before and after adjustment for acute GVHD

Risk factor

Adjustment for acute GVHD,*
HR (95% CI)

No Yes

Unrelated donor 1.35 (1.14-1.59) 1.30 (1.10-1.54)

HLA-mismatched related donor 1.30 (1.01-1.68) 1.24 (0.95-1.60)

HLA-mismatched unrelated donor 1.76 (1.47-2.11) 1.67 (1.39-2.00)

Female donor for male patient 1.38 (1.21-1.59) 1.37 (1.19-1.57)

Mobilized blood cell grafts 1.74 (1.45-2.08) 1.74 (1.46-2.08)

Diagnosis of CML 0.86 (0.75-1.00) 0.88 (0.77-1.02)

Conditioning with TBI 1.11 (0.96-1.28) 1.07 (0.92-1.34)

Conditioning with ATG 0.68 (0.45-1.02) 0.70 (0.47-1.06)

Patient age per decade 1.13 (1.07-1.19) 1.13 (1.07-1.19)

Donor age per decade 1.09 (1.03-1.16) 1.09 (1.02-1.15)

Acute GVHD grade†

1 n/a 0.90 (0.62-1.30)

2 n/a 1.14 (0.95-1.37)

3-4 n/a 1.42 (1.14-1.77)

HR indicates hazard ratio; and n/a, not applicable.
*HRs are relative to patients without the risk factor.
†Time-dependent covariate.
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mobilized blood cell graft was associated with an increased risk of
NIH chronic GVHD but had no statistically significant association
with the risk of acute GVHD; (2) the use of TBI in the conditioning
regimen was associated with an increased risk of acute GVHD but
had no statistically significant association with the risk of NIH
chronic GVHD; and (3) older patient age was associated with an
increased risk of NIH chronic GVHD and with a trend suggesting a
slightly decreased risk of acute GVHD.

Discussion

Previous studies have identified a variety of factors associated with
risks of acute7,9-14,17,31 and historically defined chronic GVHD
(Table 3).20,23 In the current study, all of these risk factors showed
statistically significant association with chronic GVHD defined by
NIH criteria. To the best of our knowledge, no previous study has
conducted a side-by-side analysis of risk factors for both acute and
chronic GVHD in the same cohort using either historical diagnostic
criteria for chronic GVHD or the NIH consensus definition.

Our observation that grafting with mobilized blood cells was
associated with an increased risk of NIH chronic GVHD is
consistent with results of previous studies evaluating risk factors
for historically defined chronic GVHD.17,21,22 Mobilized blood cell
grafts have been consistently associated with increased risk of
historically defined chronic GVHD but not with an increased risk
of acute GVHD.14,17,32 The strong association of mobilized blood
cells grafts with an increased risk of NIH chronic GVHD but not
acute GVHD—and, again, the association of older age with an
increased risk of NIH chronic GVHD but not acute GVHD—may
suggest differences in the pathogenesis of these GVHD syndromes.

The use of rabbit ATG in the conditioning regimen was the only
risk factor strongly associated with a decreased risk of both acute
and NIH chronic GVHD, a finding that is in agreement with other
reports using historical criteria for GVHD.33 The use of rabbit ATG
may decrease the risk of acute GVHD by depleting donor T cells or
by interfering with their activation by recipient alloantigens.
Expansion of activated donor T cells results in the development of
“cytokine storm,” resulting in tissue damage and causing the acute
GVHD inflammatory phenotype in the skin, liver, and gastrointesti-
nal tract. Chronic GVHD has discrete clinical features resembling a
variety of collagen vascular disorders, including Sjogren syndrome
and scleroderma. The decreased risk of chronic GVHD associated

with the use of rabbit ATG is not completely understood, but may
result from a reduction in thymic damage during clinically acute
GVHD, thereby allowing appropriate negative selection of undesir-
able T cells that recognize donor or recipient alloantigens.34,35

We found that the risks of acute and NIH chronic GVHD were
decreased in patients with CML compared with other diagnoses,
but some studies have shown an increased risk of acute GVHD14,36

and chronic GVHD19,20 in patients with CML. The previously reported
point estimates for the hazard ratio varied from 1.35 (95% CI,
1.15-1.59)14 to 1.6 (95% CI, 1.05-2.43)36 for acute GVHD, and was
1.52 (95% CI, 1.09-2.12)19 for chronic GVHD. The explanation for
this discrepancy is not clear. The association of CML with reduced
risks of acute GVHD and NIH chronic GVHD in our study was
not strong.

Our results confirm earlier studies showing that older patient
age is associated with an increased risk of chronic GVHD but not
acute GVHD.18,37 The lack of association between older patient age
and acute GVHD was independent of whether the conditioning
regimen included TBI. The higher risk of NIH chronic GVHD in
older patients might reflect a role for thymic dysfunction in the
pathogenesis of chronic GVHD. Studies in mice have shown that
thymic damage and defective negative selection of T cells gener-
ated from the marrow progenitors after HCT may be implicated in
the pathogenesis of chronic GVHD.38,39 Contrary to our results,
some studies have suggested that older patient age is associated
with an increased risk of acute GVHD.11

Our study has several limitations. First, our results might not be
applicable for patients treated at other centers. The incidence of
acute GVHD at our center is much higher than that reported at other
centers. We have previously reported a very high frequency of
stage I gut GVHD presenting as anorexia, nausea, and vomiting,
with little or no rash or diarrhea and no liver involvement.27,40

Endoscopic biopsy was used to confirm most cases of upper
gastrointestinal GVHD, and symptoms typically resolved after
treatment with prednisone at 1 mg/kg/d. Second, our observations
might not apply with reduced-intensity conditioning regimens or
with other approaches for preventing GVHD. For example, deple-
tion of T cells from the graft can have a more striking effect on
acute GVHD and more limited effects on chronic GVHD, whereas
treatment with high-dose cyclophosphamide appears to have a
more striking effect on chronic GVHD and more limited effects on
acute GVHD. Third, the small number of informative patients who
had had NIH chronic GVHD without prior acute GVHD provided

Table 3. Summary of factors associated with increased risk of grades 2-4 acute and chronic GVHD

Factor

Acute GVHD Chronic GVHD

Previously reported* Current study Previously reported† Current study‡

HLA mismatch or unrelated donor yes yes yes yes

Older patient age yes no yes yes

Older donor age yes yes yes yes

Female donor for male recipient yes yes yes yes

Parity of female donor (allosensitization) yes § yes §

Intensity of conditioning regimen yes � no �
Mobilized blood cell graft no/yes no yes yes

Donor lymphocyte infusion yes ¶ yes ¶

Prior acute GVHD n/a n/a yes yes

n/a indicates not applicable.
*Results from selected large studies.7-10,12,14,16,21,22

†Historically defined chronic GVHD.
‡By NIH chronic GVHD criteria.
§Not consistently reported or data not available for analysis.
�DLI was treated as a competing risk in our analysis for risk factors for GVHD.
¶All patients received a high-intensity conditioning regimen.
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limited statistical power to identify risk factors for NIH chronic
GVHD as distinct from acute GVHD.

Despite the similarity of risk factors for acute GVHD and NIH
chronic GVHD, our results indicate that the association of risk
factors with acute GVHD does not explain the association of these
same risk factors with NIH chronic GVHD. If the risk factors for
NIH chronic GVHD were dependent on acute GVHD, we would
have expected large differences between the unadjusted and
adjusted analyses shown in Table 2. Our understanding of the
pathogenesis of GVHD in humans remains incomplete, but recent
advances in genetic profiling have begun to provide some insights.
For example, Baron et al41 showed that increased or decreased
expression of certain genes in CD4 and CD8 T cells of the donor
was associated with the development of GVHD after HLA-
identical HCT with a high-dose conditioning regimen. In that study,
46% of the involved genes in CD4 T cells were associated with
both acute and chronic GVHD, whereas 54% were associated with
one but not the other. Likewise, 38% of the involved genes in
CD8 T cells were associated with both acute and chronic GVHD,
whereas 62% were associated with one but not the other. The
authors highlighted a subset of the genes associated specifically
with chronic GVHD. Members of this subset included genes that
regulate transforming growth factor-� signaling and cell prolifera-
tion. Although Baron et al41 did not analyze chronic GVHD
according to NIH criteria, their results and our observations in the
current study indicate that the mechanisms involved in acute and
chronic GVHD are not entirely congruent, suggesting that chronic
GVHD as defined by NIH criteria is a distinct entity and not simply
an end-stage complication of acute GVHD.
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