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Risk factors for acute GVHD (AGVHD), over-
all survival, and transplant-related mortality
were evaluated in adults receiving alloge-
neic hematopoietic cell transplants (1999-
2005) from HLA-identical sibling donors
(SDs; n � 3191) or unrelated donors (URDs;
n � 2370) and reported to the Center for
International Blood and Marrow Transplant
Research, Minneapolis, MN. To understand
the impact of transplant regimen on AGVHD
risk, 6 treatment categories were evaluated:
(1) myeloablative conditioning (MA) with
total body irradiation (TBI) � PBSCs,

(2) MA � TBI � BM, (3) MA � nonTBI � PB-
SCs, (4) MA � nonTBI � BM, (5) reduced in-
tensity conditioning (RIC) � PBSCs, and
(6) RIC � BM. The cumulative incidences
of grades B-D AGVHD were 39% (95%
confidence interval [CI], 37%-41%) in the
SD cohort and 59% (95% CI, 57%-61%) in
the URD cohort. Patients receiving SD
transplants with MA � nonTBI � BM and
RIC � PBSCs had significantly lower risks
of grades B-D AGVHD than patients in
other treatment categories. Those receiv-
ing URD transplants with MA � TBI � BM,

MA � nonTBI � BM,RIC � BM,orRIC � PB-
SCs had lower risks of grades B-D AGVHD
than those in other treatment categories.
The 5-year probabilities of survival were
46% (95% CI, 44%-49%) with SD trans-
plants and 33% (95% CI, 31%-35%) with
URD transplants. Conditioning intensity,
TBI and graft source have a combined
effect on risk of AGVHD that must be
considered in deciding on a treatment
strategy for individual patients. (Blood.
2012;119(1):296-307)

Introduction

Acute GVHD (AGVHD) remains a common complication of
allogeneic hematopoietic cell transplantation (HCT), with a signifi-
cant impact on early morbidity and mortality. Over the past few
decades, diverse clinical factors were reported to be significantly
associated with the incidence and severity of AGVHD.1-13 Most of
these factors were evaluated in large studies of recipients undergo-
ing HCT from sibling donors (SDs) or unrelated donors (URDs)
after myeloablative conditioning (MA). During the same period of
time, there was a substantial increase in the use of reduced intensity
conditioning (RIC) regimens. The influence of conditioning regi-
men and the interaction of conditioning regimen, donor source, and
graft type on incidence and severity of AGVHD and on factors
predicting the occurrence of AGVHD are not well studied.
Identifying pretransplantation and transplant-related clinical predic-
tors is important, because modulation of these factors, if possible,
could favorably impact transplantation outcome.

We analyzed the impact of demographic, HCT-related and
disease-specific variables on AGVHD, overall survival, and trans-
plant-related mortality after allogeneic HCT among 5561 adults
with hematologic malignancies who underwent HCT from 1999 to
2005 and who were reported to the Center for International Blood
and Marrow Transplant Research (CIBMTR), Minneapolis, MN.

Methods

CIBMTR

CIBMTR is a research organization formed through an affiliation between
the International Bone Marrow Transplant Registry (IBMTR) and the
National Marrow Donor Program (NMDP) and is composed of a voluntary
working network of more than 450 transplant centers worldwide. Detailed
clinical data on consecutive autologous and allogeneic HCTs are reported to
a Statistical Center associated with the Division of Hematology and
Oncology in the Department of Medicine of the Medical College of
Wisconsin (Milwaukee, WI) and with the NMDP Coordinating Center
(Minneapolis, MN). Data quality is maintained by on-site audits, computer-
ized checks for errors, and physician review of submitted data. Observa-
tional studies conducted by CIBMTR are performed with informed consent
in accordance with the Declaration of Helsinki and in compliance with
Health Insurance Portability and Accountability Act regulations as
determined by the NMDP and Medical College of Wisconsin Institutional
review boards.

Study design

This is a retrospective cohort study to analyze the incidence and risk
factors for AGVHD, overall survival, and transplant-related mortality. The
study population consisted of adults (� 20 years old) who received an
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HLA-identical SD (n � 3191) or URD (n � 2370) HCT with a non-T cell–
depleted graft from 1999 to 2005 and were reported to the CIBMTR. SD
transplants were reported at 177 centers, and 87 centers reported URD
transplants. All unrelated recipient–donor pairs had high-resolution typing
available at HLA-A, -B, -C, and DRB1 loci. Subjects with acute myeloid
leukemia (AML), acute lymphoid leukemia (ALL), chronic myeloid
leukemia (CML), or myelodysplastic syndromes were included. Both MA
and RIC regimens were included, to study the impact of these factors on
AGVHD.14 We used the IBMTR grading system (A-D) for classifying
AGVHD because it is less reliant on physicians’ subjective assessments of
performance status and it performs similarly to the Glucksberg system in
explaining variability in AGVHD outcomes.15,16

Definitions and study endpoints

Disease status at transplant was classified as early, intermediate, or
advanced. Early disease was defined as acute leukemia (AML or ALL) in
first complete remission, CML in first chronic phase or myelodysplastic
syndromes with refractory anemia or acquired idiopathic sideroblastic
anemia. Intermediate stage disease was defined as acute leukemia (AML or
ALL) in second or greater complete remission, CML in accelerated phase or
second or greater chronic phase. Advanced stage disease was defined as
primary induction failure or relapse of acute leukemia (AML or ALL),
refractory anemia with excess blasts, or CML in blast crisis. We defined MA
regimens as follows: busulfan dose � 9 mg/kg, melphalan dose � 150 mg/
m2, or total body irradiation (TBI) dose � 5 Gy (single or fractionated) or
� 8 Gy (fractionated).14 Regimens not meeting these criteria were classi-
fied as reduced intensity. HLA matching for URD transplants was deter-
mined using high-resolution HLA typing. Eight of 8 matched URDs were
matched at the allele level at HLA-A, -B, -C, or DRB1 loci; 7/8 matched
URD had a single mismatch at either the antigen or allele level; and � 6/8
matched URD had 2 or more mismatches at either the antigen or allele level.

The primary end points of the study were incidences of grades B-D
AGVHD, grades C-D AGVHD, overall survival, and transplant-related
mortality. Overall survival was estimated from day of HCT. Death from any
cause was treated as an event. Transplant-related mortality was defined as
death in continuous remission.

Statistical methods

Analyses of recipients of SD and URD transplants were performed
separately. Models were designed to study the effects of risk factors on
incidence and grade of AGVHD and other clinical outcomes. For discrete
variables, number and proportions were calculated. For continuous factors,
the median and range are presented. Survival probabilities were calculated
using the Kaplan-Meier estimator, and 95% confidence intervals (CIs) were
calculated using variance estimated by the Greenwood formula.17 Estimates
of AGVHD and transplant-related mortality were calculated using the
cumulative incidence function. Estimates of AGVHD were calculated using
death as the competing risk, whereas estimates of transplant-related
mortality were calculated using disease relapse or progression as the
competing risk.18 Multivariate analyses were done to study the association
of risk factors with the odds of AGVHD at 100 days using logistic
regression. A stepwise selection procedure was performed with P � .05 as
the criterion for inclusion in final models. Multivariate analyses of
transplant-related mortality were done using the pseudovalue approach of
Klein.19-21 A stepwise regression model using a generalized linear model for
the pseudovalues was used. Patient-related variables considered were
recipient and donor age (10-year increments), sex and Karnofsky perfor-
mance score. Because conditioning regimen and graft source are often
given as “packages,” we created 6 treatment categories to evaluate the risk
of AGVHD associated with common current treatment strategies for
transplantation, considering conditioning intensity (MA or RIC), use of TBI
(TBI and nonTBI) and graft source (bone marrow [BM] or peripheral blood
stem cells [PBSCs]) as follows: MA � TBI � PBSCs (category 1),
MA � TBI � BM (category 2), MA � nonTBI � PBSCs (category 3),
MA � nonTBI � BM (category 4), RIC � PBSCs (category 5), and
RIC � BM (category 6). Other transplant-related variables that were
analyzed were HLA match in URD HCT (8/8, 7/8, or � 6/8), donor–

recipient sex mismatch, parity of female donors, donor–recipient cytomeg-
alovirus (CMV) serology, ABO mismatch, GVHD prophylaxis, AGVHD
grade, and year of transplantation. Disease-related variables considered
were diagnosis and disease status pretransplant. Interactions were evaluated
between treatment category and all significant variables affecting the
incidence of AGVHD and were not statistically significant.

Results

Recipient and donor characteristics are outlined in Table 1. Median
follow-up times after SD and URD allogeneic HCT were
40.1 months (range, 3.3-99.2 months) and 40.2 months (range,
4.4-101.7 months), respectively. Transplant-specific parameters are
outlined in Table 2. Approximately 20% of patients receiving SD
and URD transplants received RIC regimens, and 75% of SD and
54% of URD received PBSCs as their graft source.

AGVHD risk factors

Tables 3 and 4 summarize the multivariate analyses of risk factors
associated with incidence of AGVHD in SD and URD cohorts for
grades B-D and C-D AGVHD, respectively.

SD cohort

In the SD cohort, the cumulative incidences of AGVHD grades
B-D and grades C-D at 100 days were 39% (95% CI, 37%-41%)
and 16% (95% CI, 14%-17%), respectively. Figure 1A shows the
cumulative incidences of grades B-D AGVHD stratified by trans-
plant treatment category. In multivariate analyses, using
MA � TBI � PBSCs as the reference category, lower risks of
grades B-D AGVHD were seen with MA � nonTBI � BM (odds
ratio [OR], 0.56; 95% CI, 0.44%-0.71%; P � .0001) and RIC � PB-
SCs (OR, 0.70; 95% CI, 0.56%-0.88%; P � .002). Tacrolimus plus
methotrexate-based AGVHD prophylaxis (OR, 0.65; 95% CI,
0.53%-0.80%; P � .0001) also was associated with significantly
lower odds of grades B-D AGVHD. No other patient, disease, or
treatment factors were associated with grades B-D AGVHD after
SD transplantation. Figure 1B shows the cumulative incidences of
grades C-D AGVHD stratified by transplant treatment category.
MA � nonTBI � BM (OR, 0.61; 95% CI, 0.44%-0.85%; P � .003;
Figure 1B) and tacrolimus plus methotrexate-based AGVHD
prophylaxis (OR, 0.56; 95% CI, 0.42%-0.75%; P � .0001) also
were associated with significantly lower odds of grades C-D
AGVHD. Advanced disease status and transplantation from female
donors to male recipients were associated with significantly higher
odds of grades C-D AGVHD.

URD cohort

In the URD cohort, the cumulative incidences of AGVHD grades
B-D and C-D at 100 days were 59% (95% CI, 57%-61%) and 32%
(95% CI, 30%-34%), respectively. Figure 2A shows the cumulative
incidences of grades B-D AGVHD stratified by transplant treat-
ment category. In multivariate analysis, MA � TBI � BM (OR,
0.71; 95% CI, 0.56%-0.91%; P � .006), MA � nonTBI � BM
(OR, 0.55; 95% CI, 0.40%-0.75%; P � .0001) and RIC � BM
(OR, 0.47; 95% CI, 0.29%-0.76%; P � .002) were significantly
associated with lower odds of grades B-D AGVHD compared with
MA � TBI � PBSCs. Tacrolimus plus methotrexate-based GVHD
prophylaxis (OR, 0.79, 95% CI, 0.67%-0.94%; P � .008) also was
associated with lower odds of grades B-D AGVHD. Patients with
CML had significantly higher odds of grades B-D AGVHD (OR,
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1.51; 95% CI, 1.14%-1.99%; P � .004), as did recipients of
transplants from a 7/8 HLA-mismatched donor (OR, 1.27; 95% CI,
1.05%-1.54%; P � .02).

Figure 2B shows the cumulative incidences of grades C-D
AGVHD after URD transplantation stratified by transplant treatment
category. MA � TBI � BM (OR, 0.79; 95% CI, 0.62%-1.0%;

Table 1. Patient characteristics

Variable

SD URD

No. assessable No. % No. assessable No. %

Recipient age, y 3191 2370

Median 42.7 44.2

Range 20-74 20-74

20-29 617 19 447 19

30-39 741 23 493 21

40-49 872 27 644 27

50-59 734 23 587 25

� 60 227 7 199 8

Sex 3191 2370

Male 1796 56 1309 55

Female 1395 44 1061 45

Donor age, y 3191 2370

Median 41.6 35.4

Range � 1-75 18.6-60.6

� 10 15 � 1

10-19 163 5 24 1

20-29 476 15 677 29

30-39 773 24 888 37

40-49 844 26 612 26

� 50 872 27 169 7

Missing 48 2

Donor–recipient sex match

Male3male 1034 32 854 36

Male3female 709 22 638 27

Female3male 756 24 455 19

Female3female 683 21 423 18

Unknown 9 � 1

KPS 3191 2370

� 80 260 8 216 9

80-100 2824 88 1906 80

Unknown 107 3 248 10

Disease type 3191 2370

AML 1377 43 1044 44

ALL 516 16 446 19

CML 831 26 463 20

MDS 467 15 417 18

Disease status at transplant 3191 2370

Early 1761 55 907 38

Intermediate 528 17 568 24

Advanced 681 21 707 30

Other 221 7 188 8

Recipient race 3191 2370

White 2239 70 2063 87

Other 952 30 307 13

Donor race 3191 2370

White 2239 70 1941 82

Other 95 30 429 18

Recipient–donor CMV status 3191 2370

R�/D� 624 20 738 31

R�/D� 461 14 775 33

R�/D� 301 9 289 12

R�/D� 1656 52 552 22

Unknown 149 5 46 2

Donor pregnancy 3191 2370

Male 1743 55 1492 62

Female, no pregnancy 276 9 343 14

Female, � 1 pregnancy 730 23 500 21

Unknown 442 14 35 1

KPS indicates Karnofsky performance score; MDS, myelodysplastic syndrome; R, recipient; and D, donor.
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P � .05), MA � nonTBI � BM (OR, 0.67; 95% CI, 0.48%-
0.93%; P � .02), and RIC � BM (OR, 0.48; 95% CI, 0.28%-
0.83%; P � .009) were all associated with significantly lower odds

of grades C-D AGVHD compared with MA � TBI � PBSCs.
Type of AGVHD prophylaxis was not significantly associated with
grade C-D AGVHD risk. However, patients with CML had

Table 2. Transplant characteristics

Variable

SD URD

No. assessable No. % No. assessable No. %

Graft source 3191 2370

Bone marrow 806 25 1081 46

Peripheral blood 2385 75 1289 54

Preparative regimen 3191 2370

Myeloablative 2463 78 1882 79

Reduced intensity 689 22 488 21

Other 39 1

GVHD prophylaxis 3191 2370

CSA � MTX � other 2683 84 1208 51

Tacrolimus � MTX � other 484 15 1140 48

Other 24 1 22 1

HLA high-resolution typing, -A, -B, -C, and -DRB1

(URD only) 2370

8/8 matched 1532 65

7/8 614 26

� 6/8 224 9

Year of transplant 3191 2370

1999 498 16 233 10

2000 478 15 284 12

2001 453 14 266 11

2002 446 14 239 10

2003 350 11 340 14

2004 503 16 486 21

2005 463 15 522 22

AGVHD grades B-D 3191 2370

No 1952 61 969 41

Yes 1239 39 1401 59

AGVHD grades C-D 3191 2370

No 2692 84 1618 68

Yes 499 18 752 32

AGVHD organ

Skin 3191 2370

Stage 0 325 20 264 16

Stage 1 522 32 313 19

Stage 2 482 29 479 29

Stage 3 274 17 502 30

Stage 4 46 3 9 5

GI 3191 2370

Stage 0 922 56 820 50

Stage 1 309 19 392 24

Stage 2 152 9 123 7

Stage 3 138 8 134 8

Stage 4 118 7 176 11

Liver 3191 2370

Stage 0 1121 69 1160 71

Stage 1 154 9 112 7

Stage 2 114 7 127 8

Stage 3 127 8 112 7

Stage 4 108 7 117 7

AGVHD organ involvement combination

Skin � GI � liver 234 15 282 18

Skin � GI 262 17 342 21

Skin � liver 158 10 119 7

GI � liver 69 4 50 3

Skin 670 42 641 40

GI 152 10 151 9

Liver 42 3 17 1

Other GVHD prophylaxis include for SD, MTX � other (no MMF) 16, MMF � other (no MTX) 1, steroids � other (no MTX or MMF) 1, MTX � MMF � other 3, unknown 3;
and for URD, MTX � other (no MMF) 8, MMF � other (no MTX) 3, MTX � MMF � other 4, unknown 7.

CSA indicates cyclosporine; MTX, methotrexate; GI, gastrointestinal; and MMF, mycophenolate mofetil.
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Table 3. Multivariate analyses of risk factors for grades B-D AGVHD

Variable

SD URD

n OR 95% CI P n OR 95% CI P

Treatment category � .0001 .0006

1: MA � TBI � PBSC 709 1.00 534 1.00

2: MA � TBI � BM 245 0.94 0.70-1.27 .69 733 0.71 0.56-0.91 .006

3: MA � nonTBI � PBSC 1017 0.97 0.80-1.18 .78 350 0.87 0.65-1.16 .34

4: MA � nonTBI � BM 492 0.56 0.44-0.71 � .0001 265 0.55 0.40-0.75 .0001

5: RIC � PBSC 622 0.70 0.56-0.88 .002 405 0.75 0.57-1.00 .05

6: RIC � BM 67 0.90 0.54-1.49 .67 83 0.47 0.29-0.76 .002

GVHD prophylaxis .0001 .03

CSA � MTX � other 2645 1.00 1208 1.00

Tacrolimus � MTX � other 484 0.65 0.53-0.80 � .0001 1140 0.79 0.67-0.94 .008

Other 23 0.54 0.21-1.39 .20 22 1.04 0.44-2.46 .94

Disease .008

ALL 446 1.00

AML 1044 1.02 0.81-1.30 .85

CML 463 1.51 1.14-1.99 .004

MDS 417 1.12 0.83-1.49 .46

HLA match .03

8/8 matched 1532 1.00

7/8 matched 614 1.27 1.05-1.54 .02

� 6/8 matched 224 1.26 0.94-1.68 .13

Pairwise comparisons significant for the treatment categories were as follows for SD, treatment category 2 versus treatment category 4 (P � .003), treatment category 3
versus treatment category 4 (P � .0001), treatment category 3 versus treatment category 5 (P � .003); and for URD, treatment category 3 versus treatment category 4
(P � .006), and treatment category 3 versus treatment category 6 (P � .01).

CSA indicates cyclosporine; MTX, methotrexate; MDS, myelodysplastic syndrome; and MA, myeloablative.

Table 4. Multivariate analyses of risk factors for grades C-D AGVHD

Variable

SD URD

n OR 95% CI P n OR 95% CI P

Treatment category .03 .04

1: MA�TBI�PBSC 709 1.0 534 1.00

2: MA � TBI � BM 245 0.90 0.62-1.32 .60 733 0.79 0.62-1.00 .05

3: MA � nonTBI � PBSC 1017 1.03 0.81-1.32 .79 350 0.92 0.68-1.23 .56

4: MA � nonTBI � BM 492 0.61 0.44-0.85 .003 265 0.67 0.48-0.93 .02

5: RIC � PBSC 622 1.00 0.76-1.31 .98 405 0.85 0.64-1.12 .25

6: RIC � BM 67 0.88 0.46-1.70 .71 83 0.48 0.28-0.83 .009

GVHD prophylaxis .0003

CSA � MTX � other 2645 1.00

Tacrolimus � MTX � other 484 0.56 0.42-0.75 � .0001

Other 23 0.59 0.17-1.99 .39

Disease status at transplant .01

Early 1750 1.00

Intermediate 520 1.02 0.78-1.32 .90

Advanced 666 1.32 1.05-1.66 .02

Unknown 216 1.55 1.10-2.18 .01

Sex mismatch (D/R) .009

M/M, M/F, F/F 2397 1.00

F/M 746 1.37 1.12-1.69 .002

Missing 9 0.62 0.08-5.06 .66

Disease .003

ALL 446 1.00

AML 1044 1.01 0.78-1.29 .97

CML 463 1.52 1.14-2.01 .004

MDS 417 1.25 0.93-1.70 .15

HLA match .0006

8/8 matched 1532 1.00

7/8 matched 614 1.36 1.12-1.66 .002

� 6/8 matched 224 1.55 1.16-2.08 .003

Pairwise comparisons significant for the treatment categories were as follows for SD, none; and for URD, treatment category 3 versus treatment category 6 (P � .02).
CSA indicates cyclosporine; MTX, methotrexate; D, donor; R, recipient; M, male; F, female; MDS, myelodysplastic syndrome; and MA, myeloablative.
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significantly higher odds of grades C-D AGVHD (OR, 1.52; 95%
CI, 1.14%-2.01%; P � .004) as did recipients of transplants from
7/8 HLA-mismatched donors (OR, 1.36; 95% CI, 1.12%-1.66%;
P � .002) or � 6/8 HLA-mismatched donors (OR, 1.55; 95% CI,
1.16%-2.08%; P � .003).

Transplant-related mortality and overall survival risk factors

Multivariate analyses of risk factors associated with transplant-
related mortality and overall survival in SD and URD cohorts are
outlined in Tables 5 and 6, respectively.

SD cohort

The cumulative incidences of transplant-related mortality at 1, 3,
and 5 years were 21% (95% CI, 20%-23%), 28% (95% CI,
27%-30%), and 31% (95% CI, 29%-33%), respectively. Treatment
strategy was significantly associated with transplant-related mortal-
ity (overall P value, .005; Table 5). Transplant-related mortality
risk did not differ by treatment strategy when comparing each of
the 5 strategies to the reference group. However, when evaluating
pairwise comparisons, 3 comparisons were significantly different
(MA � nonTBI � PBSCs vs MA � TBI � BM [P � .03],
MA � nonTBI � PBSCs vs MA � non TBI � BM [P � .002],
and MA � non TBI � PBSCs vs RIC � PBSCs [P � .006]).
GVHD prophylaxis with tacrolimus plus methotrexate was associ-
ated with a lower risk of transplant-related mortality as was a

diagnosis other than ALL and a higher Karnofsky performance
score at transplantation. Older recipient but not donor age was
associated with a significant increase in the risk of transplant-
related mortality as was intermediate or advanced disease status at
transplantation and use of a female donor for a male recipient.

The probabilities of overall survival at 1, 3, and 5 years after SD
transplantation were 64% (95% CI, 62%-66%), 51% (95% CI,
49%-53%), and 46% (95% CI, 44%-49%), respectively.
MA � TBI � BM and MA � nonTBI � BM were associated with
higher probabilities of survival compared with MA � TBI � PB-
SCs as was tacrolimus- plus methotrexate-based GVHD prophy-
laxis. Diseases other than ALL and Karnofsky performance score
� 80 also were associated with better survival. Older recipient age,
intermediate or advanced disease status, and transplantation from a
female donor to a male recipient were associated with a signifi-
cantly worse survival.

URD cohort

The cumulative incidences of transplant-related mortality at 1, 3,
and 5 years were 31% (95% CI, 30%-33%), 37% (95% CI,
35%-39%), and 40% (95% CI, 37%-42%), respectively. RIC � PB-
SCs was associated with a lower risk of transplant-related mortality
compared with MA � TBI � PBSCs. GVHD prophylaxis was not
associated with transplant-related mortality. Older recipient age,
older donor age, transplantation from a female donor to a male

Figure 1. Cumulative incidence of AGVHD grades
in SD cohorts. (A) Cumulative incidence of AGVHD
grades B-D in SD cohort stratified by treatment category.
(B) Cumulative incidence of AGVHD grades C-D in SD
cohort stratified by treatment category.
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recipient, transplantation from an HLA-mismatched donor, sero-
logic evidence of prior CMV infection in recipient or donor,
presence of ABO mismatch, and advanced disease status at
transplant were all associated with a significantly increased risk of
transplant-related mortality. Higher Karnofsky performance score
was associated with less transplant-related mortality.

Probabilities of overall survival at 1, 3, and 5 years were 51%
(95% CI, 49%-53%), 38% (95% CI, 35%-40%), and 33% (95% CI,
31%-35%), respectively. Neither treatment category nor GVHD
prophylaxis regimen correlated with survival after URD transplan-
tation. Older recipient age, older donor age, intermediate or
advanced disease status, transplantation from an HLA-mismatched
or ABO mismatched donor, and CMV seropositivity in donor or
recipient were associated with significantly lower survival rates.
Diseases other than ALL and higher Karnofsky performance score
were associated with better survival.

Table 7 summarizes all the risk factors associated with AGVHD
(grades B-D and grades C-D), transplant-related mortality, and
overall survival for the SD and URD cohorts.

Discussion

The impact of various components of a transplant (namely, regimen
intensity, graft source, use of TBI) has historically been studied as
distinct entities. Patients receive a preparative regimen as a
package and needs to be analyzed as such. These 3 variables can be
modified to optimize transplant outcome. Because of the correla-
tion and potential differential effects of graft types with type of
conditioning regimen, we created 6 categories to characterize the
treatment strategies used in these patients. Using this approach, we

report the impact of risk factors on AGVHD incidence and severity,
survival, and transplant-related mortality in a large cohort of
patients receiving transplants from SD or URD. Most prior studies
were not only restricted to transplants done with MA regimens but
also focused on one disease, donor, or graft type. In contrast to prior
studies of GVHD prognostic factors, � 25% of the transplants in this
cohort were done with RIC. We also looked for interactions between
treatment category and all significant variables affecting the
incidence of AGVHD, and no significant interactions were noted.

Table 7 summarizes the association of all analyzed risk factors
with grades B-D AGVHD, grades C-D AGVHD, transplant-related
mortality, and overall mortality for the SD and URD cohorts. Some
risk factors are differentially associated with outcomes of SD
versus URD transplantation. Although many of these risk factors
are nonmodifiable, graft source, use of TBI, regimen intensity, and
GVHD prophylaxis are therapeutic choices.

In our study, all patients were diagnosed with acute GVHD
before day 100. This study cohort included patients during the time
period before National Institutes of Health consensus conference
(1999-2005).22 Because late acute GVHD was not captured in this
era, some patients diagnosed with acute GVHD after day 100
would have been reported as CGVHD. Hence, to ensure accurate
data, we have restricted the data regarding acute GVHD at day 100.

Effect of graft source (PBSCs vs marrow) on HCT outcomes
has been evaluated in several studies and has been most consis-
tently associated with chronic GVHD.2,23-33 Increased risk of
AGVHD with use of PBSCs as a graft source has been less
frequently reported.29,31 Our study did not evaluate the graft source
independently, but it did evaluate this risk when this was given as a
package associated with type of conditioning and use of TBI. The
use of PBSCs � TBI � MA conditioning in HLA-identical sibling

Figure 2. Cumulative incidence of AGVHD grades in URD cohorts.
(A) Cumulative incidence of AGVHD grades B-D in URD cohort stratified
by treatment category. (B) Cumulative incidence of AGVHD grades C-D in
URD cohort stratified by treatment category.
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donor transplant and PBSCT � MA conditioning in URD trans-
plants was associated with a higher risk of acute GVHD, indicating
that consideration toward modification of the “regimen packages”
used will probably lead to lower incidence. Further comparative
studies testing components of treatment packages in more homog-
enous cohorts are needed.

Multiple studies have analyzed the impact of regimen intensity
on both acute and chronic GVHD.34-36 In this study, consistent with
prior reports, the risk of AGVHD was significantly lower with RIC.

We studied the impact of another modifiable factor, namely,
GVHD prophylaxis. Calcineurin inhibitor (cyclosporine or tacroli-
mus) plus methotrexate remains the standard for GVHD prophy-
laxis after HCT with MA regimens. A randomized phase 3 study in
URD BM HCT showed that tacrolimus-based prophylaxis is
associated with lower cumulative incidence of grades 2-4 AGVHD
than cyclosporine-based prophylaxis, without any impact on sur-
vival.37 Similarly, tacrolimus based GVHD prophylaxis was associ-
ated with lower incidence of grade 2-4 AGVHD without any

Table 5. Multivariate analyses of risk factors for transplant-related mortality

Variable

SD URD

n RR 95% CI P n RR 95% CI P

Treatment category .005 .0006

1: MA � TBI � PBSC 709 1.00 534 1.00

2: MA � TBI � BM 245 0.84 0.62-1.12 .23 733 1.16 0.97-1.39 .11

3: MA � nonTBI � PBSC 1017 1.16 0.96-1.40 .13 350 .94 0.75-1.18 .61

4: MA � nonTBI � BM 492 0.82 0.65-1.05 .11 265 0.90 0.70-1.16 .41

5: RIC � PBSC 622 0.87 0.69-1.09 .22 405 0.74 0.58-0.94 .01

6: RIC � BM 67 0.67 0.37-1.20 .18 83 0.88 0.59-1.33 .55

GVHD prophylaxis � .0001

CSA � MTX � other 2645 1.00

Tacrolimus � MTX � other 484 0.60 0.49-0.75 � .0001

Other 23 1.43 0.71-2.88 .32

Recipient age, y � .0001 .0005

20-39 1342 1.00 940 1.00

40-49 866 1.42 1.19-1.70 � .0001 644 1.27 1.08-1.50 .004

50� 944 2.05 1.73-2.44 � .0001 786 1.38 1.16-1.65 .0003

Donor age, y

18-29 710 1.00

� 30 1669 1.33 1.14-1.54 .0003

KPS � .0001 .0006

� 80 256 1.00 216 1.00

80-100 2789 0.61 0.47-0.77 � .0001 1906 0.72 0.58-0.91 .005

Unknown 107 0.82 0.54-1.24 .35 248 0.54 0.39-0.74 .0001

Disease � .0001

ALL 505 1.00-

AML 1362 0.61 0.49-0.75 � .0001

CML 828 0.67 0.53-0.84 .0006

MDS 457 0.62 0.46-0.82 .001

Disease status at transplant � .0001 � .0001

Early 1750 1.00 907 1.00

Intermediate 520 1.30 1.07-1.57 .007 568 1.12 0.94-1.34 .21

Advanced 666 1.67 1.38-2.02 � .0001 707 1.63 1.38-1.92 � .0001

Unknown 216 1.50 1.10-2.07 .01 188 1.71 1.33-2.20 � .0001

Sex mismatch (D/R) .0003 .02

M/M, M/F, F/F 2397 1.00 1947 1.00

F/M 746 1.35 1.16-1.57 �0.0001 423 1.21 1.03-1.42 .02

Missing 9 0.55 0.08-3.93 .55

R/D CMV serostatus � .0001

NN 738 1.00

NP/PN/PP 1586 1.36 1.17-1.59 � .0001

Missing 46 2.26 1.35-3.77 .002

ABO match .01

Match 988 1.00

Mismatch 1370 1.18 1.03-1.35 .02

Missing 12 0.37 0.11-1.27 .11

HLA match � .0001

8/8 matched 1532 1.00

7/8 matched 614 1.44 1.24-1.68 � .0001

� 6/8 matched 224 2.07 1.69-2.53 � .0001

Pairwise comparisons significant for the treatment categories were as follows for SD, treatment category 2 versus treatment category 3 (P � .03), treatment category 3
versus treatment category 4 (P � .002), treatment category 3 versus treatment category 5 (P � .006); and for URD, treatment category 2 versus treatment category 4
(P � .04), treatment category 2 versus treatment category 5 (P � .0001).

RR indicates relative risk; KPS, Karnofsky performance score; MDS, myelodysplastic syndrome; D, donor; R, recipient; M, male; F, female; N, negative; P, positive; CSA,
cyclosporine; MTX, methotrexate; and MA, myeloablative.
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difference in disease-free or overall survival in patients with
nonadvanced disease after SD BM SCT.38 In the current study,
tacrolimus plus methotrexate prophylaxis was associated with
lower odds of grades B-D and grades C-D AGVHD in both the SD
and the URD cohort. Tacrolimus plus methotrexate was associated
with significantly lower transplant-related mortality and higher
survival in the SD cohort but not in the URD cohort. The exact
mechanism of the beneficial effect of tacrolimus compared with
cyclosporine, and the differential impact on survival in SD and

URD group is not clear. It is known that tacrolimus, allows for
proliferation of human T-regulatory cells, in contrast to cyclospor-
ine, which inhibits T-regulatory cells.39,40 It can be hypothesized
that tacrolimus based GVHD prophylaxis facilitates tolerance.

We performed comprehensive analyses of other nonmodifiable
factors that have previously been identified to influence AGVHD.
A prior study identified female donor–male recipient, parity of
female donors, and older recipient age as significant risk factors for
AGVHD in recipients of SD transplants for severe aplastic anemia

Table 6. Multivariate analyses of risk factors for overall survival

Variable

SD URD

n RR 95% CI P n RR 95% CI P

Treatment category .02

1: MA � TBI � PBSC 709 1.00

2: MA � TBI � BM 245 0.79 0.63-1.00 .05

3: MA � nonTBI � PBSC 1017 1.02 0.88-1.18 .81

4: MA � nonTBI � BM 492 0.78 0.65-0.94 .01

5: RIC � PBSC 622 0.97 0.83-1.14 .73

6: RIC � BM 67 0.85 0.57-1.26 .42

GVHD prophylaxis .04

CSA � MTX � other 2645 1.00

Tacrolimus � MTX � other 484 0.83 0.72-0.96 .01

Other 23 1.07 0.6-1.90 .82

Recipient age, y � .0001 .0002

20-39 1342 1.00 940 1.00

40-49 866 1.28 1.12-1.46 .0004 644 1.24 1.09-1.42 .001

50� 944 1.59 1.39-1.82 � .0001 786 1.29 1.13-1.46 .0001

Donor age, y

18-29 710 1.00

� 30 1669 1.19 1.07-1.34 .002

KPS � .0001 � .0001

� 80 256 1.00 216 1.00

80-100 2789 0.52 0.45-0.61 � .0001 1906 0.68 0.58-0.81 � .0001

Unknown 107 0.64 0.47-0.86 .004 248 0.59 0.47-0.74 � .0001

Disease � .0001 .02

ALL 505 1.00 446 1.00

AML 1362 0.68 0.59-0.80 � .0001 1044 0.87 0.75-1.00 .05

CML 828 0.58 0.48-0.70 � .0001 463 0.81 0.68-0.97 .02

MDS 457 0.53 0.43-0.66 � .0001 417 0.74 0.60-0.91 .005

Disease status at transplant � .0001 � .0001

Early 1750 1.00 907 1.00

Intermediate 520 1.51 1.31-1.75 � .0001 568 1.28 1.11-1.47 .0007

Advanced 666 2.23 1.95-2.55 � .0001 707 2.15 1.88-2.46 � .0001

Unknown 216 1.56 1.22-2.00 .0004 188 1.74 1.35-2.24 � .0001

Sex mismatch (D/R) .0008

M/M, M/F, F/F 2397 1.00

F/M 746 1.25 1.11-1.40 .0002

Missing 9 0.69 0.17-2.78 .60

R/D CMV serostatus .003

NN 738 1.00

NP/PN/PP 1586 1.19 1.06-1.33 .003

Missing 46 1.57 1.03-2.37 .03

ABO match .02

Match 988 1.00

Mismatch 1370 1.17 1.05-1.30 .004

Missing 12 1.00 0.48-2.12 .99

HLA match � .0001

8/8 matched 1532 1.00

7/8 matched 614 1.23 1.09-1.38 .0006

� 6/8 matched 224 1.68 1.42-1.98 � .0001

Pairwise comparisons significant for the treatment categories were as follows for SD, treatment category 2 versus treatment category 3 (P � .03), treatment category 3
versus treatment category 4 (P � .003) and treatment category 4 versus treatment category 5 (P � .03); and for URD, none.

RR, relative risk; KPS, Karnofsky performance score; MDS, myelodysplastic syndrome; D, donor; R, recipient; M, male; F, female; N, negative; P, positive; CSA,
cyclosporine; MTX, methotrexate; and MA, myeloablative.
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and leukemia.4 In our study, recipient and donor age and sex
mismatch between donor and recipient were not significantly
correlated with grades B-D AGVHD. However, transplants from
female donors to male recipients were associated with higher odds
of grades C-D AGVHD, worse survival, and increased transplant-
related mortality in the SD and URD cohorts. Older recipient age
also correlated with transplant-related mortality and overall mortal-
ity after both SD and URD transplants. An influence of donor age
on these endpoints was seen only in URD transplants, similar to a
previous study.41 The influence of donor age on outcomes of SD
transplants is difficult to study because recipient and donor age are
highly correlated. Although Karnofsky performance score (� 80)
was not associated with AGVHD incidence, contrary to a previous
IBMTR study, higher Karnofsky performance score (� 80) was
associated with lower transplant-related mortality and better
survival.29

CML was associated with a higher risk of grades B-D and C-D
AGVHD than other diseases only after URD transplants. This
contrasts with a prior IBMTR SD study of patients receiving
non-RIC regimens where CML diagnosis correlated with a higher
odds ratio of grade 2-4 and 3-4 AGVHD.29 Diagnosis of ALL was
associated with worse survival after both URD and SD transplants.
Advanced disease state at transplantation correlated with worse
survival and increased transplant-related mortality after SD and
URD transplants. There was no significant correlation between
CMV serologic status and AGVHD, survival, or transplant-related
mortality in the SD cohort. In the URD cohort, CMV seropositivity
in donor or recipient correlated with worse survival and more
transplant-related mortality, but it had no effect on AGVHD
incidence. This is consistent with some prior studies,42,43 but
contrasts with a study that analyzed a cohort of URD transplants
from 1987 to 1999. In that study, CMV serologic status did not
correlate with overall survival or transplant-related mortality.41

Similarly, ABO-mismatch correlated with worse survival and
increased transplant-related mortality in the URD cohort in our
analysis.

Although differences in outcomes between URD and SD HCT
are decreasing, some studies show that outcomes continue to be
inferior after URD transplantation especially with greater degrees

of HLA mismatch.44 In another study of patients with standard-risk
hematologic malignancy undergoing HCT with MA conditioning
using TBI, outcome after 10/10 HLA allele–matched URD HCT
was similar to outcome after HLA-identical SD HCT.43 In our
study, we did not compare SD to URD transplantation. Within the
URD cohort, HLA mismatch (� 8/8) was associated with higher
odds of grades B-D AGVHD, grades C-D AGVHD, transplant-
related mortality, and all cause mortality.

In summary, we report a comprehensive analysis of both
modifiable and nonmodifiable risk factors for AGVHD, survival
and transplant-related mortality after both SD and URD trans-
plants. Our study population reflects current practices: only 20% to
25% of transplants were for CML, and there were a substantial
proportion of RIC transplants. Several of our findings in this study
differ from older studies and may reflect changes in outcomes and
prognostic factors from introduction of newer treatment strategies.
In fact, the predominant determinants of AGVHD risk in this study
were the intensity of conditioning, type of graft and GVHD
prophylaxis regimen. We were able to study these variables as a
package and show the differential impact of these treatment groups.
These results can help guide a more rational selection of treatment
strategies to optimize outcomes after HCT.
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