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Key Points

• Donor age and donor-
recipient HLA match predict
survival after hematopoietic
cell transplantation.

There are >24 million registered adult donors, and the numbers of unrelated donor

transplantations are increasing. The optimal strategy for prioritizing among comparably

HLA-matched potential donors has not been established. Therefore, the objective of the

current analyses was to study the association between donor characteristics (age, sex,

parity, cytomegalovirus serostatus, HLAmatch, and blood group ABOmatch) and survival

after transplantation for hematologicmalignancy. The association of donor characteristics

with transplantation outcomes was examined using either logistic or Cox regression

models, adjusting for patient disease and transplantation characteristics associated with outcomes in 2 independent datasets: 1988 to

2006 (N5 6349; training cohort) and 2007 to 2011 (N5 4690; validation cohort). All donor-recipient pairs had allele-level HLA typing at

HLA-A, -B, -C, and -DRB1, which is the current standard for selecting donors. Adjusting for patient disease and transplantation

characteristics, survival was better after transplantation of grafts from young donors (aged 18-32 years) who were HLA matched to

recipients (P < .001). These findings were validated for transplantations that occurred between 2007 and 2011. For every 10-year

increment in donor age, there is a 5.5% increase in the hazard ratio for overallmortality. IncreasingHLAdisparitywas also associated

withworsening survival. Donor age anddonor-recipientHLAmatchare importantwhenselectingadult unrelateddonors.Other donor

characteristics such as sex, parity, and cytomegalovirus serostatus were not associated with survival. The effect of ABO matching on

survival is modest and must be studied further before definitive recommendations can be offered. (Blood. 2016;127(2):260-267)

Introduction

More than 24 million adult volunteers have been recruited into donor
registries worldwide for patients in need of a hematopoietic stem cell
transplant but lack an HLA matched sibling.1 Although there is
agreement that donor-recipient HLAmatch is an important criterion
and that HLA matching should consider allele-level HLA match at
HLA-A, -B, -C, and -DRB1 loci,2 strategies vary when prioritizing
among comparably HLA-matched potential donors. An earlier study
of .6000 bone marrow transplantations facilitated by the National
Marrow Donor Program suggested that donor age is an important
factor with younger donors associated, with better overall survival
and lower rates of acute and chronic graft-versus-host disease
(GVHD).3 The criteria for donor-recipient HLA match has
changed considerably since the publication of that report, which
used low-resolution (antigen-level) data at HLA-A and -B and allele

level at -DRB1. Subsequently, 4 reports have confirmed the
importance of matching donor-recipient pairs at the HLA-C locus
and allele-level HLA matching.4-7 Reports from the European Group
forBloodandMarrowTransplantation (EBMT)have identifieddonor-
recipient sexmatch as a predictor for chronicGVHDand survival after
transplantation.8-10 The European reports did not examine for the
effect of donor age or donor-recipient HLA match on transplantation
outcomes, and those characteristics may be relevant in the setting of
adult unrelated donor transplantation. Further, the EBMT reports an
adverse effect on survival for transplantation of grafts from
unrelated donors who are cytomegalovirus seropositive to recipients
who are cytomegalovirus seronegative.11

Recruitment of volunteer adult donors is expensive, with budgets of
.30 million dollars annually. The costs of recruitment are defrayed
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through revenue generated when transplantation is facilitated. We
hypothesize identifying donor characteristics associated with
outcomes after unrelated donor transplantation would not only
optimize survival after transplantation but could potentially focus
recruitment expenses more efficiently. Therefore, the current analy-
sis was undertaken to assess the impact of donor characteristics
(age, sex, parity, cytomegalovirus serostatus, and donor-recipient
ABO blood group match) on survival, hematopoietic recovery, and
GVHD in donors and recipients with allele-level HLA typing at
HLA-A, -B, -C, and -DRB1.

Patients and methods

Data collection

The Center for International Blood and Marrow Transplant Research is a
voluntary network of.450 transplant centers worldwide that reports data on
consecutive transplantations. Patient, disease, and transplantation character-
istics and outcome data are reported on standardized forms submitted at
the time of transplantation (baseline) and at 100 days, 6 months, and annually
thereafter. All patients or their guardians provided written informed consent.
The Institutional Review Boards of the National Marrow Donor Program
(NMDP) and the Medical College of Wisconsin approved this study.

Inclusion criteria

The analyses were limited to transplantations for hematologic malignancy,
the most common indication for allogeneic transplantation. Donor-recipient
pairs had to have had allele-level HLA typing at HLA-A, -B, -C, and -DRB1.
Donor-recipient HLA typing was performed retrospectively by the Na-
tionalMarrowDonor Program at a central laboratory as previously described.12

Patients had acute myelogenous leukemia (AML), acute lymphocytic
leukemia (ALL), chronic myelogenous leukemia (CML), or myelodys-
plastic syndrome (MDS). Recipients of prior autologous or allogeneic
transplantation or ex vivo T cell-depleted or CD34-selected grafts were
excluded.

End points

Overall survivalwas theprimaryendpoint.Death fromanycausewas considered
an event. Neutrophil recovery was defined as achieving an absolute neutrophil
count of$0.53 109/L for 3 consecutive measurements. Grade 2 to 4 acute and
chronic GVHDwas graded based on reports from each transplant center and
using standard criteria.13,14 Nonrelapse mortality was defined as death is
remission. Relapse was defined as morphologic, cytogenetic, or molecular
recurrence of disease.

Statistical analysis

Overall survival was calculated using the Kaplan-Meier estimator.15 The effects
of donor and patient ages on overall survival were first examined using residual
plots.16 The plots showed 2 age cutoffs for donor age (32 and 50 years) and
patient age (18 and 45 years), at which there were differences in overall survival.
The donor and patient age groups in the multivariate models were created based
on these observed differences. Further, donor age was tested as a continuous
variable. Two independent data sets were available: a training cohort for
transplant period 1988 to 2006 and a validation cohort for the period 2007 to
2011.

Multivariate models for the outcomes of interest were built using Cox
regression models.17 Variables that attained P 5 .01 or less were considered
significant. Donor-related variables tested in multivariate models include donor
age (18-32 vs 33-50 vs.50 years), donor parity (male vs nulliparous female vs
parous female), donor-recipient sex match (female donor/male recipient vs
female donor/female recipient vs male donor/male recipient vs male donor/
female recipient), donor-recipient race match (donor/recipient same race vs
donor/recipient different race vs unclassified), donor-recipient cytomegalovirus

serostatus (donor negative/recipient negative vs donor positive/recipient negative
vs donor negative/recipient positive vs donor positive/recipient positive), ABO
match (match vs minor mismatch vs major mismatch), and donor-recipient HLA
match (8/8 vs 7/8 vs 6/8 vs 5/8 or lower). For ABO, minor mismatch was
defined as a blood group O donor into an A, B, or AB recipient or a non-AB
donor into an AB recipient; all others were classified as major mismatch.
Recipient HLA genotypes were assigned to quartiles according to their
frequency (using HLA genotypes of 4 million donors from the NMDP as
reference). The variable for genotype frequencywas tested in themultivariate
model for overall mortality as a discrete covariate.

Patient and disease-related variables tested include age (,18 vs 18-45 vs
.45years), performance score (90-100vs,90), disease (AMLvsALLvsCML
vs MDS), and disease status (early [first complete remission or chronic phase]
vs intermediate [second complete remission or chronic phase or accelerated
phase vs advanced [not in remission or blast phase]). Transplantation variables
included conditioning regimen intensity (myeloablative vs reduced intensity),
GVHD prophylaxis (cyclosporine-containing without in vivo T-cell depletion
with antithymocyte globulin or alemtuzumab vs cyclosporine-containingwith in
vivoT-cell depletion vs tacrolimus-containingwithout in vivoT-cell depletion vs
tacrolimus-containing with in vivo T-cell depletion), graft source (bone marrow
vs peripheral blood), cell dose (total nucleated cells [TNC],33 108/kg vs TNC
$33108/kg for bonemarrowvsCD34,4.53106/kg vsCD34$4.53106/kg
peripheral blood),18,19 and year of transplant (1988-2002 vs 2003-2006).
For bone marrow, total nucleated cell dose,33 108/kg and for peripheral
blood, CD34 ,4.5 3 106/kg was considered low dose. None of the
variables tested violated the proportionality assumption, and there were no
first-order interactions.

The training cohort included unrelated donor transplantations during the
period 1988 to 2006.Applying the same selection criteria a validation cohortwas
generated for the period 2007 to 2011. Cox regression models were built to
confirm donor characteristics associated with survival, the primary end point.
Donor agewas treated as a continuous variable because the effect of donor age
on mortality was linear. All analyses were performed with SAS version 9.3
(Cary, NC).

Results

Donor, patient, and transplantation characteristics

Donors, patients, their disease, and transplantation characteristics for
transplantations from 1988 to 2006 are shown in Table 1. The median
age of donors was 35 years (range, 18-61 years), with 36%, 57%,
and 7% of donors aged 18 to 32, 33 to 50, and .50 years,
respectively. Male donors accounted for 62% of transplantations, and
among female donors, 39% were nulliparous. The majority of donors
and recipients were white. Fifty-nine percent of donor-recipient pairs
were8/8HLAmatchedand43%wereABObloodgroupmatched.Older
donorsweremore likely to bemismatched to their recipients (P, .001),
be cytomegalovirus seropositive (P , .001), and donate grafts with
lower cell dose (P , .001) compared with younger donors. Patients
received myeloablative or reduced intensity conditioning regimens
and a calcineurin inhibitor containing GVHD prophylaxis, and there
were no differences between the donor groups. Twenty percent of
patients received in vivo T-cell depletion with antithymocyte
globulin or alemtuzumab. There were no significant differences in
patient age, performance score, disease, disease status, transplant
conditioning regimen, and GVHD between the 3 donor age groups.

Donors, patients, their disease, and transplantation characteristics
for transplantations from 2007 to 2011 (validation cohort; N5 4690)
are shown in Table 2. In the more recent period, 55% of donors
were aged 18 to 32 years, 38% were aged 33 to 50 years, and only 6%
were.50 years. Donor-recipient pairs were 8/8 or 7/8 HLA matched.
Reduced intensity conditioning transplantations were more common,
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Table 1. Characteristics of patients, their donors, and transplantation, 1988 to 2006

Donor age, years

18 to 32 33 to 50 >50

Number 2260 3651 438

Donor characteristics

Donor-recipient HLA-match

8/8 matched 1443 (64%) 2066 (57%) 224 (51%)

7/8 matched 487 (22%) 960 (26%) 137 (31%)

6/8 matched 216 (10%) 421 (12%) 50 (11%)

5/8 matched or lower 114 (5%) 204 (6%) 27 (6%)

Donor-recipient ABO match

Matched 946 (42%) 1529 (42%) 180 (41%)

Minor mismatch 591 (26%) 885 (24%) 115 (26%)

Major mismatch 697 (31%) 1157 (32%) 137 (31%)

Not reported 26 (1%) 80 (2%) 6 (1%)

Donor sex and parity

Male 1338 (59%) 2349 (64%) 256 (58%)

Female, nulliparous 639 (28%) 297 (8%) 24 (5%)

Female, parity, 1 or more 256 (11%) 957 (26%) 155 (35%)

Not reported 27 (1%) 48 (1%) 3 (1%)

Donor-recipient cytomegalovirus serostatus

Donor and recipient negative 771 (34%) 1080 (30%) 114 (26%)

Donor negative, recipient positive 788 (35%) 1187 (33%) 101 (23%)

Donor and recipient positive 412 (18%) 747 (20%) 128 (29%)

Donor positive, recipient positive 246 (11%) 550 (15%) 82 (19%)

Not reported 43 (2%) 87 (2%) 13 (3%)

Patient characteristics

Patient age, years

,18 410 (18%) 610(17%) 55 (13%)

18-45 1086 (48%) 1807 (49%) 240 (55%)

.45 764 (34%) 1234 (34%) 143 (33%)

Performance score

,90 598 (26%) 967 (26%) 117 (27%)

90 or 100 1485 (66%) 2426 (66%) 290 (66%)

Not reported 177 (8%) 258 (7%) 31 (7%)

Disease

Acute myeloid leukemia 966 (43%) 1407 (39%) 160 (37%)

Acute lymphoblastic leukemia 543 (24%) 847 (23%) 103 (24%)

Chronic myeloid leukemia 531 (23%) 1074 (29%) 133 (30%)

Myelodysplastic syndrome 220 (10%) 323 (9%) 42 (10%)

Donor status at transplantation

1st complete remission/chronic phase 913 (40%) 1527 (42%) 183 (42%)

2nd complete remission/chronic/accelerated phase 665 (29%) 1088 (30%) 123 (28%)

Relapse/blast phase/refractory anemia excessblasts 682 (30%) 1036 (28%) 132 (30%)

Transplant characteristics

Conditioning regimen

Myeloablative

Total body irradiation containing 1325 (58%) 2270 (63%) 273 (63%)

Non–irradiation containing 631 (28%) 940 (26%) 116 (26%)

Reduced intensity

Low-dose total body irradiation containing 86 (4%) 115 (2%) 12 (3%)

Non–irradiation containing 218 (10%) 326 (9%) 37 (8%)

GVHD prophylaxis

Tacrolimus-containing 1025 (46%) 1552 (43%) 194 (45%)

Cyclosporine-containing 1235 (54%) 2099 (57%) 244 (55%)

In vivo T-cell depletion

Yes 484 (22%) 721 (20%) 80 (18%)

None 1776 (79%) 2930 (80%) 358 (82%)

Graft type

Bone marrow 1351 (60%) 2348 (64%) 267 (61%)

Peripheral blood 909 (40%) 1303 (36%) 171 (39%)

Cell dose

Bone marrow, total nucleated cells ,3 3 108/kg 686 (30%) 1276 (35%) 161 (37%)

Bone marrow, total nucleated cells $3 3 108/kg 661 (29%) 1054 (29%) 104 (24%)

Peripheral blood, CD34 ,4.5 3 106/kg 286 (13%) 451 (12%) 66 (15%)

Peripheral blood, CD34 $4.5 3 106/kg 603 (27%) 824 (23%) 96 (22%)

Not reported 24 (1%) 46 (1%) 11 (3%)
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peripheral blood was the predominant graft type, and tacrolimus-
containing GVHD prophylaxis was the more predominant GVHD
prophylaxis regimen. CML accounted for ,10% of transplantations.
Other patient, disease, donor, and transplantation characteristics were
comparable to the original cohort.

Overall survival

For the transplantation period 1988 to 2006,mortality riskswere higher
when donors were .32 years, mismatched for ABO blood group, or
mismatched at 1 or more HLA loci (Table 3). A similar trend was
observed when comparing donors .50 years with donors aged
33 to 50 years (hazard ration [HR], 1.15; 95% confidence interval [CI],
1.02-1.29; P 5 .02). Donor age tested as a continuous variable
confirmed increasing age is associated with higher mortality risks (HR,
1.005; 95% CI, 1.002-1.009; P 5 .003). Other donor characteristics
were not associated with mortality. However, several patient, disease,
and transplant characteristics were associated with higher mortality
(Table 4). Mortality risks were higher for patients $18 years of age,
cytomegalovirus seropositive, performance scores,90, acute leukemia,
disease status at transplantation beyond first complete remission/
chronic phase, and transplant period prior to 2004. Mortality risks
for cytomegalovirus seronegative recipients were not higher with
transplantation of grafts from cytomegalovirus seropositive donors
compared with seronegative donors (HR, 1.04; 95% CI, 0.93-1.15;
P5 .51). The risk-adjusted 5-year probabilities of overall survival
were 36% (95% CI, 34-38), 33% (95% CI, 32-35), and 29% (95%
CI, 25-33) for donors aged 18 to 32, 33 to 50, and .50 years,
respectively (Figure 1). The corresponding 8-year probabilities of
survival were 34% (95%CI, 31-36), 31% (95%CI, 29-32) and 27%
(95% CI, 22-31).

The effect of donor age on survival was independent of disease
(P5 .28), disease status at transplantation (P5 .56), donor sex/parity
(P5 .81), patient age (P5 .15), donor-recipientHLAmatch (P5 .07),
performance score (P5 .07), graft type (P5 .86), and transplant period
(P5 .86). The effect of donor age on mortality was also stratified by
disease status, and HRs were similar across disease status; mortality
risks with increasing donor age for transplantations in first complete
remission/chronic phase (HR, 1.006; 95% CI, 1.001-1.012; P5 .03),
second complete remission/chronic/acceleratedphase (HR, 1.009; 95%
CI, 1.003-1.016; P 5 .005), and more advanced disease (HR, 1.010;
95% CI, 1.004-1.015; P 5 .0001). Patients who received grafts from
older donors were more likely to have less common HLA genotypes.
HLAgenotypewas not associatedwith overallmortality (P5 .24), and
the effect of donor age on mortality was independent of recipient HLA
genotype (P5 .79).

Validation cohort

The results of multivariate analysis for the transplantation period 2007
to 2011 are shown in Table 5. We confirmed that for every 10-year
increment in donor age, there is a 5.5% increase in the HR for overall
mortality after adjusting for other factors associated with overall

mortality. Donor-recipient HLA match was the only donor factor
associated with mortality. The estimated HR and 95% CI for the
effect of ABO match on overall mortality did not meet statistical
significance. Compared with ABO-matched transplants, mortality
risks associated with minor and major ABOmismatched transplants
were HR, 1.09; 95% CI, 0.98-1.23; P5 .11 and HR, 1.01; 95% CI,
0.91-1.21; P 5 .83, respectively. We also considered the effect of
ABOmatch separately for bonemarrow and peripheral grafts and did
not see a significant effect of ABOmismatching on overall mortality
(data not shown).

Nonrelapse mortality and relapse

The effects of donor characteristics on nonrelapse mortality and
relapse are shown in Table 3. Nonrelapse mortality was higher with
transplantation of grafts from older donors. Donor age tested as
a continuous variable confirmed increasing age is associated with
higher nonrelapse mortality risks (HR, 1.005; 95% CI, 1.001-1.010;
P5 .02). Other donor characteristics associated with higher nonrelapse
mortality included transplantation of grafts from parous female
donors and donors mismatched to recipients at 1 or more HLA loci
(Table 3). Similar to overall mortality, nonrelapse mortality risks
werehigher forpatients$18yearsof age, cytomegalovirus seropositive,
poor performance score, AML, disease status at transplantation beyond
first complete remission/chronic phase, and transplant period prior to
2004 (data not shown).

Donor age was not associated with relapse (Table 3). Donor age
tested as a continuous variable was also not associated with relapse
risks (HR, 1.004; 95% CI, 0.99-1.01; P 5 .20). The only donor
characteristic associated with lower relapse risk was transplanta-
tion of grafts from parous females compared with male donors
(Table 3). Relapse risks were higher in patients with performance
score,90 compared with those with 90 to 100 (HR, 1.29; 95%CI,
1.16-1.43; P , .0001) and in second complete remission, second
chronic, or accelerated phase (HR, 1.37; 95%CI, 1.21-1.56;P, .0001),
or in relapse or blast phase or refractory anemia with excess blasts
(HR, 3.21; 95%CI, 2.84-3.63;P, .0001) comparedwith transplants
in first complete remission, first chronic phase, or refractory anemia.
Compared with acute leukemia, relapse risks were lower for CML
(HR, 0.54; 95%CI, 0.46-0.63;P, .0001), andMDS (HR, 0.45; 95%
CI, 0.38-0.55; P , .0001).

Neutrophil recovery and acute and chronic GVHD

The likelihood of neutrophil recovery was lower after transplantation
of allografts from female donors and from donors mismatched at 2 or
more HLA loci (odds ratio [OR], 1.26; 95% CI, 1.06-1.51; P5 .007).
Compared with 8/8 HLA-matched transplants, likelihood of recovery
was lower after 6/8 (OR, 0.72; 95% CI, 0.55-0.93; P 5 .01) and 5/8
(OR, 0.55; 95% CI, 0.40-0.74; P , .001) but not 7/8 HLA-matched
transplants (OR, 0.85; 95% CI, 0.69-1.04; P 5 .11). Other donor
characteristics including donor age were not associated with neutrophil
recovery. However, neutrophil recovery was more likely in recipients

Table 1. (continued)

Donor age, years

18 to 32 33 to 50 >50

Transplant period

1987-2002 1082 (48%) 1980 (54%) 233 (53%)

2003-2006 1178 (52%) 1671 (46%) 205 (47%)

Follow-up, median (range), months 113 (6-290) 119 (5-312) 121 (8-290)
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with performance scores of 90 or 100 compared with those with scores
,90 (OR, 1.67; 95% CI, 1.38-2.01; P, .001), early (OR, 1.61; 95%
CI, 1.32-2.00; P , .001), and intermediate (OR, 1.64; 95% CI,

1.32-2.04;P, .001) comparedwith advanceddisease at transplantation
(ie, transplanted in relapse or blast phase). Peripheral blood grafts were
associated with higher likelihoods of recovery compared with bone

Table 2. Characteristics of patients, their donors, and transplantation, 2007 to 2011

Donor age, years

18 to 32 33 to 50 >50

Number 2614 1794 282

Donor characteristics

Donor-recipient HLA-match

8/8 matched 2114 (81%) 1326 (74%) 181 (64%)

7/8 matched 500 (19%) 468 (26%) 101 (36%)

Donor-recipient ABO match

Matched 874 (33%) 563 (31%) 79 (28%)

Minor mismatch 453 (17%) 374 (21%) 53 (19%)

Major mismatch 615 (24%) 442 (25%) 86 (30%)

Not reported 672 (26%) 415 (23%) 64 (23%)

Donor sex and parity

Male 1789 (68%) 1218 (68%) 153 (54%)

Female, nulliparous 645 (25%) 110 (6%) 26 (9%)

Female, parity, 1 or more 157 (6%) 448 (25%) 102 (36%)

Not reported 23 (,1%) 18 (1%) 1 (,1%)

Donor-recipient cytomegalovirus serostatus

Donor and recipient negative 772 (30%) 504 (28%) 57 (20%)

Donor negative, recipient positive 992 (38%) 580 (32%) 94 (33%)

Donor and recipient positive 229 (9%) 229 (13%) 38 (13%)

Donor positive, recipient positive 598 (23%) 461 (26%) 86 (30%)

Not reported 23 (, 1%) 20 (1%) 7 (2%)

Patient characteristics

Patient age, years

,18 304 (12%) 198 (11%) 22 (8%)

18 to 45 938 (36%) 605 (34%) 101 (36%)

.45 1372 (52%) 991 (55%) 159 (56%)

Performance score

,90 822 (31%) 589 (33%) 86 (30%)

90 or 100 1702 (65%) 1124 (63%) 190 (67%)

Not reported 90 (3%) 81 (5%) 6 (2%)

Disease

Acute myeloid leukemia 1630 (62%) 1122 (63%) 174 (62%)

Acute lymphoblastic leukemia 593 (23%) 406 (23%) 66 (23%)

Chronic myeloid leukemia 194 (7%) 139 (8%) 22 (8%)

Myelodysplastic syndrome 197 (8%) 127 (7%) 20 (7%)

Donor status at transplantation

1st complete remission/chronic phase 1262 (48%) 889 (50%) 134 (48%)

2nd complete remission/chronic/accelerated phase 684 (26%) 445 (25%) 74 (26%)

Relapse/blast phase/refractory anemia excess

blasts

668 (26%) 460 (26%) 74 (26%)

Transplant characteristics

Conditioning regimen

Myeloablative

Total body irradiation containing 882 (34%) 583 (32%) 87 (31%)

Non–irradiation containing 953 (36%) 647 (36%) 109 (39%)

Reduced intensity

Low dose total body irradiation containing 180 (7%) 122 (7%) 15 (5%)

Non–irradiation containing 599 (23%) 442 (25%) 71 (25%)

GVHD prophylaxis

Tacrolimus-containing 2065 (79%) 1405 (78%) 215 (76%)

Cyclosporine-containing 549 (21%) 389 (22%) 67 (24%)

In vivo T-cell depletion

Yes 935 (36%) 680 (38%) 119 (42%)

None 1679 (64%) 1114 (62%) 163 (58%)

Graft type

Bone marrow 625 (24%) 458 (26%) 70 (25%)

Peripheral blood 1989 (76%) 1336 (74%) 212 (75%)

Follow up, median (range), months 25 (3-65) 28 (3-62) 25 (3-61)
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marrow, and among bone marrow recipients, grafts with cell dose
$3 3 108/kg recipient body weight were associated with better
recovery compared with grafts with lower cell dose (OR, 0.67; 95%
CI, 0.55-0.82; P, .001).

Compared with donors 18 to 32 years of age, risks of grade 2 to 4
acute GVHD were higher with transplantation of grafts from donors
#33 years of age (Table 3). Risks of grade 2 to 4 acute GVHD did
not differ significantly with transplantation of grafts from donors
.50 years comparedwith those aged 33 to 50 years. Donor-recipient
HLA mismatching was the only other donor characteristic asso-
ciated with higher risks of grade 2 to 4 acute GVHD. Other charac-
teristics associated with higher risks for acute GVHD included
myeloablative compared with reduced intensity transplant condi-
tioning (HR 1.26, 95% CI 1.12 – 1.41, P , .001), cyclosporine-
containing compared with tacrolimus-containing GVHD prophylaxis
(HR, 1.28; 95% CI, 1.19-1.39; P, .001), peripheral blood compared
with bone marrow (HR, 1.32; 95% CI, 1.21-1.43, P , .001), and
transplantations prior to 2004 (HR, 1.15; 95%CI, 1.05-1.25;P, .001).
There were no differences in acute grade 2 to 4 GVHD risks between
cyclosporine-containing and tacrolimus-containing regimens when
anti-thymocyte globulinwas included (HR, 0.89; 95%CI, 0.76-1.04;
P5 .14).

The only donor characteristic associated with chronic GVHD
was donor parity; risks were higher with female parous donors
compared with male donors (Table 3). Chronic GVHD risks were
not different after transplantation of grafts from nulliparous females
compared with males. Donor age, donor-recipient HLA match, and
blood group ABO compatibility was not associated with chronic
GVHD. There were several patient, disease, and transplantation
characteristics associated chronic GVHD risks. Compared with
patients ,18 years, risks were higher for those aged 18 to 45 years
(HR, 1.22; 95% CI, 1.09-1.37; P, .001) and.45 years (HR, 1.24;
95%CI, 1.09-1.41;P5 .001). Patients with CMLwere at higher risk
compared with those with AML (HR, 1.33; 95% CI, 1.21-1.46; P5
.001) and ALL (HR, 1.30; 95% CI, 1.18-1.43; P , .001) but not
MDS (HR, 1.08; 95% CI, 0.95-1.25; P 5 .19). Transplantation of
peripheral blood led to higher risks compared with bone marrow
(HR, 1.44; 95% CI, 1.32-1.57; P , .001). Risks were also higher
with cyclosporine-containing GVHD prophylaxis without anti-
thymocyte globulin (HR, 1.22; 95% CI, 1.12-1.33; P , .001)
and with anti-thymocyte globulin (HR, 1.23; 95% CI, 1.06-1.43;

Table 3. Donor characteristics associated with mortality and GVHD
for transplantation period 1988 to 2006

Outcome HR (95% CI) P value

Overall mortality*

Donor age, years ,.001

#32 1.00

33 to 50 1.13 (1.05-1.20) ,.001

.50 1.29 (1.14-1.46) ,.001

Donor-recipient HLA-match ,.001

8/8 HLA-match 1.00

7/8 HLA-match 1.24 (1.15-1.34) ,.001

6/8 HLA-match 1.62 (1.47-1.79) ,.001

5/8 or lower HLA-match 1.89 (1.67-2.15) ,.001

Blood group ABO match .001

ABO matched 1.00

ABO minor mismatch 1.10 (1.01-1.18) .002

ABO major mismatch 1.13 (1.05-1.21) .001

Nonrelapse mortality*

Donor age, years .03

#32 1.00

33 to 50 1.09 (1.01-1.19) .03

.50 1.20 (1.03-1.40) .02

Donor-recipient HLA-match ,.001

8/8 HLA-match 1.00

7/8 HLA-match 1.38 (1.26-1.51) ,.001

6/8 HLA-match 1.85 (1.65-2.09) ,.001

5/8 or lower HLA-match 2.16 (1.87-2.51) ,.001

Donor sex and parity ,.001

Male 1.00

Female, no pregnancies 1.02 (0.91-1.14) .75

Female, 1 or more pregnancies 1.29 (1.18-1.41) ,.001

Relapse†

Donor age .29

#32 y 1.00

33 to 50 y 1.05 (0.95-1.16) .35

.50 y 1.17 (0.95-1.42) .13

Donor sex and parity .06

Male 1.00

Female, no pregnancies 0.96 (0.84-1.10) .57

Female, 1 or more pregnancies 0.84 (0.74-0.95) .007

Grade 2 to 4 acute GVHD‡

Donor age, years .01

#32 1.00

33 to 50 1.09 (1.02-1.16) .01

.50 1.17 (1.03-1.33) .01

Donor-recipient HLA-match ,.001

8/8 HLA-match 1.00

7/8 HLA-match 1.23 (1.14-1.32) ,.001

6/8 HLA-match 1.26 (1.13-1.39) ,.001

5/8 or lower HLA-match 1.46 (1.28-1.68) ,.001

Chronic GVHD§

Donor sex and parity ,.001

Male 1.00

Female, no pregnancies 1.01 (0.91-1.12) .88

Female, 1 or more pregnancies 1.22 (1.11-1.34) ,.001

*Model adjusted for recipient age, performance score, recipient cytomegalovirus

serostatus, disease and disease status, and transplant period.

†Model adjusted for performance score and disease and disease status.

‡Model adjusted for disease, graft type, GVHD prophylaxis, conditioning

regimen intensity, and transplant period.

§Model adjusted for patient age, disease, graft type, and GVHD prophylaxis.

Table 4. Other factors associated with overall mortality

Outcome HR (95% CI) P value

Overall mortality

Recipient age, years ,.001

,18 1.00

18 to 45 1.42 (1.29-1.57) ,.001

.45 1.83 (1.64-2.05) ,.001

Recipient cytomegalovirus serostatus ,.001

Seronegative 1.00

Seropositive 1.24 (1.15-1.34) ,.001

Performance score ,.001

90 to 100 1.00

,90 1.27 (1.19-1.37) ,.001

Disease ,.001

Acute leukemia 1.00

Chronic myeloid leukemia 0.86 (0.78-0.94) .001

Myelodysplastic syndrome 0.79 (0.70-0.88) ,.001

Disease status at transplantation ,.001

1st CR/CP/RA 1.00

2nd CR/CP/AP 1.29 (1.19-1.39) ,.001

Relapse/blast phase/RAEB 2.10 (1.93-2.27) ,.001

Transplant period ,.001

2004 to 2006 1.00

1988 to 2003 1.22 (1.12-1.33) ,.001
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P5 .004) compared with the corresponding tacrolimus-containing
GVHD prophylaxis.

Discussion

With increasing numbers of transplantations being performed with
grafts from adult unrelated donors, it is critical to identify donor
characteristics associated with survival after transplantation after
adjusting for relevant patient, disease, and transplantation characteris-
tics. An early report from the NMDP identified older donors and
donor-recipientHLAdisparity to have an adverse effect on survival,3

but 4 relatively recent reports that focused on the effects of better
donor-recipient HLAmatching on survival, ie, matching at the allele
level, did not show an effect of donor age on survival.4-7 Therefore,
the current analyseswere undertaken to specifically explore potential
effects of donor characteristics on outcomes of unrelated donor
hematopoietic cell transplantation in a cohort of 10 000 recipients
with well-characterized HLA-A, -B, -C, and -DRB1 matching. The
current analyses confirm youngerHLA-matched donors had the best
survival rates after adjusting for patient, disease, and transplant
characteristics. Older donor transplantations were also associated
withhigher nonrelapsemortality but donor agewasnot associatedwith
relapse. Donor cytomegalovirus serostatus was not associated with
survival.

The importance of HLA matching is well known, and priority is
given to identifying the best available HLA-matched donor. Our
study population suggests donors.50 years are avoided, with most
transplants using donors aged 33 to 50 years in the earlier period and,
more recently, donors aged 18 to 32 years. Although we observed
higher mortality associated with blood group ABO mismatched
transplants prior to 2007, this was not the case in the more recent
cohort. The Japan Marrow Donor Program reported 1-year survival
of 63%after ABO-matched transplantation comparedwith 57%after
minor and major ABO mismatched transplantations.20 However,
hematopoietic progenitor cells do not expressABOantigens, and it is
the absence of these antigens that allows for engraftment of donor
cells in the marrow. Therefore, the mechanism leading to lower
survival with ABO blood incompatibility is not easily explained.

Asmarrow cellularity deteriorateswith age, grafts fromolder donors
yield fewer cells.21 However, we failed to see an association between
transplantationofgraftswith relatively lowcell dose and survival.Donor

registries dictate a minimum accepted cell dose, and most collections
comply with the minimum required standards. Others have studied
the association between graft cellular composition (myeloid, lym-
phoid, and activated lymphoid cells) and outcomes after transplan-
tations.22 In that report, cellular composition was not associated with
neutrophil recovery, GVHD, or survival after transplantation of bone
marrow. However, higher CD34 dose of peripheral blood grafts was
associated with better survival but had no effect on neutrophil recovery
or GVHD.18,22 Our data suggest 60% to 70% of grafts from peripheral
blood donors across the 3 age groups achieved the desired CD34 dose.

The observed higher rates of grade 2 to 4 acute GVHD after
transplantation of grafts from older donors may be explained by
replacement of naı̈ve T cells with memory T cells as the immune
system ages in the older donors.21 Donor agewas not associatedwith
chronic GVHD and consistent with other reports. Our analyses
support donor parity rather than the traditional donor-recipient sex
match combination is associated with chronic GVHD, nonrelapse
mortality, and relapse. However, any benefit from lower relapse risks
associated with transplantation of grafts from female parous donor
was negated by higher nonrelapse mortality. This differs from EBMT
reports that support higher chronic GVHD and lower survival with
transplantation of grafts from female donors to male recipients.8-10

The observed differences between the current analyses and the
EBMT reports can be attributed to differences in study populations.
The current analysis is exclusively unrelated donor transplantations
with donor-recipient HLA matching at the allele level. The EBMT
reports make a distinction between related and unrelated donors, but
donor-recipient HLA match, an important prognostic factor for
survival for unrelated donor transplantation, is not considered.

Various strategies are used to select an adult unrelated donor
when multiple suitably HLA-matched donors are available. Our
findings support including donor age to the selection algorithm.
Optimizing donor selection by blood ABO matching must be
studied further before definitive recommendations can be offered.
We acknowledge the likelihood of identifying a fully HLA-matched
donor for nonwhites is substantially lower than for whites, and
incorporating donor age to the selection algorithm may mitigate
some of the excess mortality associated with HLA-mismatched
transplantations. In the recent report by Gragert et al,1 the likelihood
of identifying an 8/8 or 7/8 HLA-matched donor is 97% for
European whites and 76% for African Americans. Restricting the
adult donor pool to those aged 18 to 32 years within the current
donor registry, the likelihood of identifying an 8/8 or 7/8 HLA-
matched donor shows a 3% decrement (from 97% to 94%) for
European whites and a higher decrement of 18% (from 76% to 58%)
for AfricanAmericans (M.Maiers and S. Spellman, personal commu-
nication, December 2014). Alternative donors such as unrelated
umbilical cord blood and haploidentical related donors should
ensure patients with rare HLA genotypes are not denied access to
transplantation.1,23-25

Table 5. Donor characteristics associated with survival for
transplantation period 2007 to 2011

Outcome HR (95% CI) P value

Overall survival*

Donor age (10-year increments) 1.055 (1.013-1.099) .01

Donor-recipient HLA-match

8/8 HLA-match 1.00

7/8 HLA-match 1.37 (1.25-1.51) ,.001

*Adjusted for recipient age, disease, disease status, performance score,

recipient, and cytomegalovirus serostatus.

Figure 1. Overall survival. The risk-adjusted 5-year probabilities of overall survival

were 36% (95% CI, 34-38), 33% (95% CI, 32-35), and 29% (95% CI, 25-33) for

donors aged (A) 18 to 32, (B) 33 to 50, and (C) .50 years, respectively. The

corresponding 8-year probabilities of survival were 34% (95% CI, 31-36), 31% (95%

CI, 29-32), and 27% (95% CI, 22-31).
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