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Key Points

• The effect of donor age
on survival is negated
by the effect of patient
age.

• Survival did not differ
between sibling and
offspring donor
transplantation.

We studied the association between non-HLA donor characteristics (age, sex, donor-

recipient relationship, blood group [ABO] match, and cytomegalovirus [CMV] serostatus)

and transplant outcomes after T-cell-replete HLA-haploidentical transplantation using

posttransplantation cyclophosphamide (PT-Cy) in 928 adults with hematologic malignancy

transplanted between 2008 and 2015. Siblings (n 5 358) and offspring (n 5 450) were the

predominant donors, with only 120 patients having received grafts from parents. Although

mortality risks were higher with donors aged 30 years or older (hazard ratio, 1.39; P, .0001),

the introduction of patient age to the Cox regression model negated the effect of donor age.

Two-year survival adjusted for CMV seropositivity, disease, and disease risk index was lower

in patients aged 55 to 78 years after transplantation of grafts from donors younger than 30

years (53%) or aged at least 30 years (46%) compared with younger patients who received

grafts from donors younger than 30 years (61%) and at least 30 years (60%; P , .0001).

Similarly, 2-year survival in patients aged 55 to 78 years was lower after transplantation

of grafts from siblings (45%) or offspring (48%) compared with patients aged 18 to 54 years

after transplantation of grafts from siblings (62%), offspring (58%), and parents (61%;

P , .0001). Graft failure was higher after transplantation of grafts from parents (14%)

compared with siblings (6%) or offspring (7%; P 5 .02). Other non-HLA donor

characteristics were not associated with survival or graft failure. The current analyses

suggest patient and disease, rather than non-HLA donor characteristics, predomi-

nantly influence survival in adults.

Introduction

T-cell-replete HLA-haploidentical (haplo) hematopoietic cell transplantation with posttransplantation
cyclophosphamide (PT-Cy) has become an increasingly used platform, given its easy application without
the need for graft manipulation and the increasing number of studies showing its safety and efficacy.1-6

In the absence of definitive studies regarding the effects of donor characteristics on transplant
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outcomes for haplo T-cell-replete transplantation with PT-Cy, donor
prioritization strategies are extrapolated from HLA-matched related
and unrelated donor transplantation.7 The Baltimore group’s
selection algorithm for haplo donors incorporates donor-specific
antibodies, donor-recipient ABO match, donor age, donor sex, and
cytomegalovirus (CMV) serostatus match. An earlier report from the
Baltimore group concluded that greater HLA disparity between
haplo donor-recipient pairs did not worsen event-free survival or
graft-versus-host disease (GVHD).8

Another strategy for T-cell-replete haplo transplantation is trans-
plantation of filgrastim-stimulated pooled bone marrow and
peripheral blood from donors followed by intensified immune
suppression including antithymocyte globulin.9 That report, based
on 1210 donor-recipient pairs, recommended an offspring donor
when available, based on improved survival with donors younger
than 30 years. When an offspring is not available, their donor
selection algorithm suggests, in descending order of priority, a male
sibling mismatched at the noninherited maternal antigen, non-
inherited maternal antigen mismatched female sibling or father, a
sibling mismatched at the noninherited paternal antigen, and
mother.9 In contrast, recommendations for donor selection for
T-cell-depleted haplo transplantation from the Perugia group
conclude maternal donors are preferred.10 Despite these differ-
ences, in both reports,9,10 donor sex was not associated with
survival and other transplant outcomes when maternal donors were
excluded from the analysis.

With the increasing use of T-cell-replete haplo transplantation with
PT-Cy for hematologic malignancy in adults worldwide, and given
the absence of definitive studies on donor selection for this
approach, we studied the effect of non-HLA donor characteristics
on survival, graft failure, acute and chronic GVHD, nonrelapse
mortality, and relapse in 928 donor-recipient pairs with hematologic
malignancy. We hypothesized that survival is better with young
donors who may be siblings or offspring.

Methods

Patients

The Center for International Blood and Marrow Transplant
Research is a group of more than 400 transplant centers that
contribute data prospectively on consecutive transplants. Patients
are registered pretransplant with documentation of consent
(obtained by transplant center) for participation in research
studies. Patients are followed longitudinally until death or lost to
follow-up. Sixty-five centers contributed patients, and transplants
were performed between 2008 and 2015 in the United States.
Eligible patients were aged 18 years and older with acute myeloid
leukemia (AML), acute lymphoblastic leukemia, myelodysplastic
syndrome, non-Hodgkin lymphoma, or Hodgkin lymphoma. Patients
received bone marrow or peripheral blood from haplo first-degree
relatives. Excluded were regimens that included in vivo T-cell
depletion (n 5 29). The Institutional Review Board of the National
Marrow Donor Program approved this study.

Endpoints

The primary endpoint was overall survival. Death from any cause
was considered an event. Primary and secondary graft failure were
considered as a single outcome. Primary graft failure was defined as
failure to achieve an absolute neutrophil count of at least 0.53 109/L

for 3 consecutive days or less than 5% donor chimerism
(peripheral blood CD31 or bone marrow). Secondary graft
failure was defined as initial donor engraftment followed by graft
loss, evidenced by a persistent decline in the absolute neutrophil
count (,0.5 3 109/L), loss of donor chimerism, or second
transplant in patients with documented clinical remission.11

Grade II-IV acute GVHD and chronic GVHD were based on
reports from each transplant center, using standard criteria.12,13

Relapse/progression was defined as disease recurrence (mor-
phologic, cytogenetic, or molecular) or progression. Nonrelapse
mortality was defined as death in remission. Surviving patients
were censored at last follow-up.

Statistical methods

The cumulative incidences of graft failure at 1 year, acute GVHD
at 6 months, and chronic GVHD at 2 years were calculated using
the cumulative incidence estimator to accommodate competing
risks.14 Multivariate models were built to examine the effect of
donor characteristics on overall mortality, using Cox regression
model, and on graft failure, nonrelapse mortality, relapse, or
progression, and acute and chronic GVHD, using the Fine and
Gray model.15,16

Exploratory analysis of the study population confirmed correlations
between recipient age and donor-recipient relationship (correla-
tion coefficient, 0.66; P , .0001) and donor age and donor-
recipient relationship (correlation coefficient, 20.61; P , .0001),
and none between recipient and donor age (correlation co-
efficient, 0.06; P 5 .06). We tested patient age and donor age in
decades and separately for the primary outcome: survival.
Subgroups that did not differ significantly were collapsed. Using
this approach, we confirmed mortality risks were higher with donors
aged 30 years or older (HR, 1.39; 95% CI, 1.12-1.73; P 5 .003)
compared with younger than than 30 years; therefore, in sub-
sequent analyses, donor age was dichotomized as younger than 30
vs at least 30 years. Similarly, exploratory analysis confirmed
mortality risks were higher for patients aged 55 years and older
(HR, 1.75; 95% CI, 1.45-2.11; P , .0001), and in subsequent
analyses, patient age was dichotomized as 18 to 54 vs $55
years.

As donor age and donor-recipient relationship were strongly
correlated, 2 separate multivariate models for outcomes of interest
were built, with 1 model considering recipient age and donor-
recipient relationship and the other considering recipient age and
donor age. Other variables tested in multivariate models in-
cluded donor sex and parity, donor-recipient blood group (ABO)
match, donor and recipient CMV serostatus, hematopoietic
comorbidity index, performance score, recipient race, disease,
disease risk index, transplant conditioning regimen intensity, graft
type, and transplant period. The probability of overall survival and
incidences for nonrelapse mortality and relapse/progression were
calculated from the final Cox model with adjustment for other
factors that were associated with these outcomes. All variables
tested met the assumptions for proportionality, and there were no
first-order interactions between the variables for recipient age/
donor-recipient relationship and recipient age/donor age and
other variables held in the final multivariate model. Variables that
attained P # .05 were held in the final multivariate model. All
P values are 2-sided, and analyses were performed using SAS
version 9.4 (Cary, NC).
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Results

Patient, disease, and transplant characteristics

The characteristics of the study population are shown in Table 1. The
median age of donors was 38 years (range, 10-80 years), with only 7%
of donors aged less than 21 years and 25% older than 50 years.
Thirteen percent of donors were parents, 38% siblings, and 49%
offspring. Fifty-eight percent of donors were male, and 49%were CMV
seropositive. Donors were HLA mismatched with patients at 2 or more
HLA loci. The median age of patients was 54 years (range, 18-78
years), and 62% were CMV seropositive. A third of patients had
performance scores less than 90 and a hematopoietic comorbidity
index score of at least 3.17 Most transplants were ABO matched
(57%). AML was the predominant indication for transplantation.
Disease risk index18 was intermediate risk for 62% and high/very high
risk for 29% of patients. Bone marrow was the predominant graft, and
there were no differences in use of bone marrow or peripheral blood
by donor-recipient relationship (P 5 .78) or donor age (P 5 .64).
The median total nucleated cell dose (3 3 108/kg; interquartile range,
2-4 3 108/kg) of bone marrow grafts and the median CD34 dose of
peripheral blood (63106/kg; interquartile range, 5-93106/kg) did not
differ by donor-recipient relationship (P5 .16) or donor age (P5 .81).
The predominant transplant-conditioning regimen was total body
irradiation 200 cGy with fludarabine and low-dose cyclophosphamide.

Table 1. Donor, patient, disease and transplant characteristics

Characteristics Number (%)

Donor age, y

10-29 279 (30)

30-49 420 (45)

50-80 229 (25)

Donor-recipient relationship

Parent 120 (13)

Sibling 358 (39)

Offspring 450 (48)

Donor-recipient sex match

Male donor/male recipient 335 (36)

Male donor/female recipient 208 (23)

Female donor/male recipient 224 (24)

Female donor/female recipient 161 (17)

Donor-recipient ABO match

Matched 530 (57)

Major mismatch 147 (16)

Minor mismatch 114 (12)

Not reported 137 (15)

Donor-recipient cytomegalovirus serostatus

match

Donor negative/recipient negative 232 (25)

Donor negative/recipient positive 234 (25)

Donor positive/recipient negative 119 (13)

Donor positive/recipient positive 335 (36)

Not reported 8 (1)

Donor sex and parity

Male 543 (59)

Female, nulliparous 95 (10)

Female, parous 223 (24)

Female, parity not reported 57 (6)

Sex, not reported 10 (, 1)

Patient age, y

18-54 480 (52)

55-78 448 (48)

Recipient race

White 658 (71)

African American 197 (21)

Other 73 (8)

Performance score

90-100 572 (62)

,90 308 (33)

Not reported 48 (5)

Hematopoietic cell transplant-comorbidity

index

0-2 587 (63)

$3 341 (37)

Disease

Acute myeloid leukemia 415 (45)

Acute lymphoblastic leukemia 136 (15)

Table 1. (continued)

Characteristics Number (%)

Myelodysplastic syndrome 117 (13)

Non-Hodgkin lymphoma 199 (21)

Hodgkin lymphoma 61 (6)

Disease risk index

Low risk 85 (9)

Intermediate risk 573 (62)

High risk 270 (29)

Graft type*

Bone marrow 632 (68)

Peripheral blood 296 (32)

Conditioning regimen

Myeloablative

Total body irradiation 1 fludarabine 80 (9)

Total body irradiation 1 other agents 49 (5)

Busulfan 1 cyclophosphamide 123 (13)

Busulfan 1 fludarabine 28 (3)

Reduced intensity

Total body irradiation 1 cyclophosphamide 1
fludarabine

549 (59)

Total body irradiation 1 other agents 29 (3)

Melphalan 1 fludarabine 70 (8)

Transplant period

2008-2011 277 (30)

2012-2015 651 (70)

*The median total nucleated cell dose for bone marrow grafts was 3 3 108/kg;
interquartile range, 2 to 4 3 108/kg. The median CD34 dose of peripheral blood grafts was
6 3 106/kg; interquartile range, 5 to 9 3 106/kg.
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All patients received a uniform GVHD prophylaxis with PT-Cy,
tacrolimus or cyclosporine, and mycophenolate mofetil. As 70% of
transplants occurred between 2012 and 2015, the median follow-up
of the study population is 24 months (range, 3-97 months).
Supplemental Table 1A shows patient, disease, and transplant
characteristics by patient age group and donor-recipient relationship,
and supplemental Table 1B by patient and donor age groups.

Overall survival

Donor age was strongly correlated with patient age (P, .0001), as
was donor age and donor-recipient relationship (P , .0001).
Therefore, the effects of donor age and donor-recipient relationship
were addressed separately in patients aged 18 to 54 years and
55 to 78 years. None of the donor characteristics studied was
associated with survival after adjustment for patient age and other
patient and disease characteristics (Table 2; Figure 1A-B). For
patients aged 55 to 78 years, mortality risks did not differ by
whether they received grafts from a sibling vs offspring (HR, 1.03;
95% CI, 0.78-1.36; P 5 .83) or by the age of the donor (HR, 1.16;
95% CI, 0.85-1.57; P 5 .35). Similarly, among patients aged 18 to
54 years, mortality risks did not differ by whether they received
grafts from a sibling or offspring (HR, 1.05; 95% CI, 0.74-1.50; P5
.78). Although 70% of donors were aged 30 years or older, we
confirmed mortality risks did not differ between donors aged 30 to
49 and 50 to 80 years (HR, 0.80; 95% CI, 0.60-1.06; P 5 .12).

Other factors associated with higher mortality included recipient
CMV seropositivity (HR, 1.26; 95% CI, 1.04-1.53; P 5 .021) and
intermediate disease risk index (HR, 1.65; 95% CI, 0.09-2.48;
P 5 .017) and high/very high disease risk index (HR, 3.24; 95% CI,
2.09-5.01; P , .0001) compared with low disease risk index.
Disease type also influenced mortality: Compared with AML,
mortality was lower for acute lymphoblastic leukemia (HR, 0.68;
95% CI, 0.50-0.92; P 5 .017), myelodysplastic syndrome
(HR, 0.71; 95% CI, 0.52-0.95; P 5 .022), and Hodgkin lymphoma
(HR, 0.55; 95% CI, 0.35-0.87; P 5 .010), but not non-Hodgkin
lymphoma (HR, 0.93, 95% CI, 0.73-1.19; P 5 .57). There were
no differences in mortality risk by graft type (HR, 1.10; 95%

CI 0.89-1.36; P 5 .37). The causes of death are shown in Table 3.
Recurrent disease was the predominant cause of death.

Relapse and nonrelapse mortality

None of the donor characteristics studied except transplantation
of peripheral blood was associated with relapse or nonrelapse
mortality (Table 2). Relapse was lower (HR, 0.57; 95% CI, 0.44-
0.74; P , .0001), and nonrelapse mortality was higher (HR, 1.45;
95% CI, 1.05-2.00; P 5 .024), after transplantation of peripheral
blood, negating any benefits with regard to survival. In patients aged
55 to 78 years, nonrelapse mortality risks did not differ by whether
they received grafts from a sibling vs offspring (HR, 0.78; 95% CI,
0.51-1.20; P5 .25) or by donor age (HR, 1.56; 95% CI, 0.91-2.68;
P 5 .11; Figure 2A-B). The trend was similar for relapse risks (HR,
1.14 [95%CI, 0.81-1.61;P5 .45] and HR, 0.83 [95%CI, 0.59-1.18;
P5 .30], respectively. The 2-year incidence of relapse/progression
in patients aged 18-54 years after transplantation of grafts from
parents, siblings, or offspring and adjusted for disease, disease risk
index, and graft type was 45% (95% CI, 35%-54%), 37% (95% CI,
30%-44%) and 30% (95% CI, 21%-38%), respectively. The
corresponding incidences in patients aged 55 to 78 years after
transplantation of grafts from siblings and offspring were 39% (95%
CI, 30%-49%) and 43% (95% CI, 38%-49%), respectively.
Disease and disease risk index were associated with relapse.
Compared with AML, risks were lower for myelodysplastic
syndrome (HR, 0.64; 95% CI, 0.45-0.91; P 5 .01) and Hodgkin
lymphoma (HR, 0.49; 95% CI, 0.28-0.87; P 5 .015), but not non-
Hodgkin lymphoma (HR, 0.83; 95% CI, 0.58-1.19; P 5 .30) or
acute lymphoblastic leukemia (HR, 0.85; 95% CI, 0.63-1.14;
P 5 .29). Compared with low disease risk index, risks were
higher with intermediate (HR, 2.44; 95% CI, 1.34-4.45; P 5 .004)
and high (HR, 4.33; 95% CI, 2.33-8.03; P , .0001) disease risk
index.

Graft failure

There were significant differences in graft failure risks by donor-
patient relationship; graft failure was higher in patients who

Table 2. Effect of patient age, donor-recipient relationship, and donor age on overall mortality, nonrelapse mortality, and relapse

Overall mortality, hazard ratio (95% CI)* Nonrelapse mortality, hazard ratio (95% CI)† Relapse, hazard ratio (95% CI)‡

Patient age, y/donor-recipient relationship

Age 18-54/parent donor 1.00, P , .0001§ 1.00, P 5 .003§ 1.00, P 5 .18§

Age 18-54/sibling donor 0.87 (0.61-1.24), P 5 .44 0.96 (0.51-1.82), P 5 .90 0.75 (0.52-1.09), P 5 .14

Age 18-54/offspring donor 0.92 (0.61-1.38), P 5 .67 1.47 (0.75-2.88), P 5 .26 0.65 (0.41-1.03), P 5 .07

Age 55-78/sibling donor 1.53 (1.04-2.23), P 5 .030 2.36 (1.26-4.45), P 5 .007 0.84 (0.54-1.30), P 5 .43

Age 55-78/offspring donor 1.57 (1.13-2.20), P 5 .008 1.84 (1.04-3.25), P 5 .04 0.96 (0.66-1.39), P 5 .82

Patient age/donor age, y

Age 18-54/donor age 10-29 1.00, P , .0001§ 1.00, P 5 .001§ 1.00, P 5 .28§

Age 18-54/donor age 30-80 1.07 (0.79-1.44), P 5 .64 1.12 (0.67-1.86), P 5 .42 1.13 (0.82-1.57), P 5 .44

Age 55-78/donor age 10-29 1.57 (1.09-2.26), P 5 .015 1.34 (0.76-2.56), P 5 .37 1.49 (0.99–2.24), P 5 .06

Age 55-78/donor age 30-80 1.82 (1.38-2.39), P , .0001 2.09 (1.32-3.34), P 5 .002 1.24 (0.89-1.71), P 5 .19

*Adjusted for recipient CMV seropositivity, disease risk index, and disease.
†Adjusted for recipient CMV seropositivity and graft type.
‡Adjusted for disease risk index, disease and graft type.
§This P value represents the level of significance for the overall Cox regression model. P values for paired comparisons within the model were considered significant only when the P value

for the overall model was significant.
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received grafts from their parents, but this was limited to patients
aged 18 to 54 years, as donors in older patients were either
siblings or offspring (Table 4; Figure 3A-B). Graft failure risks
were not different between sibling and offspring donors (HR,
1.17; 95% CI, 0.49-2.79; P 5 .73) in patients aged 18 to 54
years and those aged 55 to 78 years (HR, 0.90; 95% CI, 0.48-
1.69; P 5 .75). Use of bone marrow grafts did not differ by
donor-recipient relationship, with bone marrow making up 69%
of grafts from parents, 67% of grafts from siblings, and 69% of
grafts from offspring (P 5 .78) donors. Graft failure did not differ

by maternal vs paternal donors (14% [95% CI, 7%-23%] vs 15%
[95% CI, 6%-27%]; P 5 .86).

GVHD

None of the donor characteristics studied except graft type was
associated with grade II-IV acute or chronic GVHD (Table 4). Risk
for grade II-IV acute GVHD (HR, 1.57; 95% CI, 1.25-1.97;
P 5 .0001) was higher with transplantation of peripheral blood. The
6-month incidence of grade II-IV acute GVHD after transplantation
of peripheral blood and bone marrow were 41% (95% CI, 35%-
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Figure 1. Overall survival. (A) Overall survival by recipient age and donor-recipient relationship. The 2-year overall survival adjusted for recipient cytomegalovirus

serostatus, disease, and DRI among recipients younger than 55 years was 61% (95% CI, 51%-69%) for parent donors, 62% (95% CI, 55%-68%) for sibling donors,

and 59% (95% CI, 49%-67%) for offspring donors, and among recipients at least 55 years old, it was 45% (95% CI, 36%-54%) for sibling donors and 48% (95% CI,

43%-54%) for offspring donors. (B) Overall survival by recipient age and donor age. Two-year overall survival, adjusted for recipient cytomegalovirus serostatus, disease,

and disease risk index among recipients younger than 55 years was 61% (95% CI, 53%-58%) with donors younger than 30 years and 60% (95% CI, 54%-66%) with

donors at least 30 years old, and among recipients at least 55 years old, it was 53% (95% CI, 43%-62%) with donors younger than 30 years and 46% (95% CI, 41%-

51%) with donors at least 30 years old.

Table 3. Causes of death

Recipient age 18-54 y Recipient age 55-78 y

Donor age 10-29 y Donor age 30-80 y Donor age 10-29 y Donor age 30-80 y

Causes of death, n (%)

Recurrent disease 45 (67) 84 (70) 37 (70) 119 (56)

Graft failure 4 (6) 1 (1) __ 2 (1)

GVHD 2 (3) 6 (5) 1 (2) 10 (5)

Infection 5 (7) 10 (8) 4 (7) 19 (9)

IPN/ARDS 1 (2) 4 (3) 1 (2) 4 (2)

Organ failure 7 (10) 11 (9) 5 (9) 25 (12)

Secondary malignancy __ 1 (1) 1 (2) 8 (4)

Hemorrhage 1 (2) __ __ 5 (2)

Other __ __ 2 (4) 4 (2)

Not reported 2 (3) 4 (3) 2 (4) 15 (7)

ARDS, adult respiratory disease syndrome; IPN, interstitial pneumonitis.
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47%) and 29% (95% CI, 26%-33%), respectively. Similarly, chronic
GVHD risks were higher after transplantation of peripheral blood (HR,
2.46; 95% CI, 1.89-3.20; P , .0001). The 2-year incidences of
chronic GVHD after transplantation of peripheral blood and bone
marrow were 44% (95% CI, 38%-50%) and 19% (95% CI, 16%-
22%), respectively. Among patients with chronic GVHD, 193 of 227
had severity grading reported: 65% were mild, 24% moderate, and
11% severe. GVHD severity did not differ by graft type (P 5 .83).

Discussion

The increasing application of T-cell-replete haplo transplantation
with PT-Cy motivated us to study the effect of non-HLA donor
characteristics on transplantation outcomes, adjusting for pa-
tient, disease, and transplantation characteristics. Our findings
suggest that in adults, patient and disease characteristics are
more important than either the age of the donor or donor-
recipient relationship with regard to survival and GVHD. In young
adults, transplantation of grafts from a parent was associated with
higher graft failure rate. Although a thorough examination of
immune mediated effects of shared maternal vs paternal
antigens9,19 or priming/tolerizing immune effects of pregnancy
in maternal donors20-23 is beyond the scope of our study, there
were no differences in graft failure rates between maternal and
paternal donors. Although siblings were older than offspring
donors (44 vs 31 years; P, .0001), we did not observe an effect
of donor age or donor-recipient relationship on graft failure. The
higher risks for acute and chronic GVHD and the absence of a
survival advantage with peripheral blood suggest that with the PT-
Cy approach for haplo transplantation, peripheral blood should
be reserved for patients at high risk for disease relapse.20 We

observed lower chronic GVHD risks in patients aged 55 to 78 years,
independent of donor age, and hypothesize that this is mitigated by
higher early mortality in older patients. The rate of early mortality was
higher in patients aged 55 to 78 years: it was 25% at 6 months and
40% at 1 year. The corresponding rates in younger patients were 15%
and 26%.

All donor-recipient pairs in our study were mismatched at 2 or more
HLA-loci; this, together with a modest sample size of 928 donor-
recipient pairs, prevented us from exploring the effect of HLA
disparity on transplant outcomes. To date, there are no reports that
increasing HLA disparity is associated with transplant outcomes
after T-cell-replete haplo transplantation with PT-Cy8 or antithymo-
cyte globulin-based immunosuppression9, but these observations
were also based on studies of modest numbers of donor-recipient
pairs. There is broad agreement that presence of donor-specific
antibodies in the recipient is associated with graft failure.21 The
variability and thresholds that determine desensitization for patients
with donor-specific antibodies vary between laboratories and
centers and are best studied at individual centers to establish
center-specific thresholds for desensitization.

Other donor characteristics such as sex, parity, CMV seropositivity,
and blood group ABO match were not associated with transplant
outcomes. Others have also shown the absence of an effect of
either donor sex when maternal donors are excluded in the setting
of haplo transplantation9,10 and ABO match in the setting of T-cell-
replete haplo transplantation with PT-Cy2 on transplant outcomes.
However, an EBMT report that included both T-cell-depleted and T-
cell-replete haplo transplants demonstrated that acute GVHD risks
were higher with bidirectional ABO mismatching only.22 In that
report, other outcomes did not differ by ABO mismatching.
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Figure 2. Nonrelapse mortality. (A) Nonrelapse mortality by recipient age and donor-recipient relationship. The 2-year cumulative incidence of nonrelapse mortality adjusted

for recipient cytomegalovirus serostatus and graft type among recipients younger than 55 years was 11% (95% CI, 6%-18%) for parent donors, 12% (95% CI, 8%-17%) for

sibling donors, and 18% (95% CI, 11%-26%) for offspring donors, and among recipients at least 55 years old, it was 29% (95% CI, 20%-39%) for sibling donors and 21%

(95% CI, 16%-26%) for offspring donors. (B) Nonrelapse mortality by recipient age and donor age. The 2-year cumulative incidence of nonrelapse mortality adjusted for

recipient cytomegalovirus serostatus and graft type among recipients younger than 55 years was 13% (95% CI, 8%-19%) with donors younger than 30 years and 14% (95%

CI, 10%-19%) with donors at least 30 years old, and among recipients at least 55 years old, it was 18% (95% CI, 11%-27%) with donors younger than 30 years and 25%

(95% CI, 20%-30%) with donors at least 30 years old.
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With regard to the effect of donor-recipient relationship and donor
age, our observations differ from that reported by Wang and
colleagues, who studied T-cell-replete haplo transplantation using
intensive immune suppression.9 The observed differences may be
attributed to the distinct strategies employed for haplo trans-
plantation (intense immune suppression vs PT-Cy) and/or differ-
ences in the study population. Although both studies had a similar
proportion of donors younger than 30 years compared with the
Wang report, our population was older (median age, 54 vs 25 years)

and had fewer transplants with parent donors (13% vs 59%).
Consistent with the Wang report,9 we also observed higher
mortality with donors aged at least 30 years (HR, 1.39; 95% CI,
1.12-1.73; P 5 .003), which also demonstrates that our study
population was adequately powered to detect survival differences.
However, when we considered patient and disease characteristics
such as age, disease, and disease risk index, donor age was no
longer significant. This implies that, in a predominantly older
population, patient and disease characteristics are more important

Table 4. Effect of patient age, donor-recipient relationship, and donor age on graft failure, acute and chronic GVHD

Graft failure, hazard ratio (95% CI)* Acute GVHD, hazard ratio (95% CI)† Chronic GVHD, hazard ratio (95% CI)‡

Patient age, y/donor-recipient relationship

Age 18-54/parent donor 1.00, P 5 .037§ 1.00, P 5 .72§ 1.00, P 5 .041§

Age 18-54/sibling donor 0.34 (0.16-0.70), P 5 .004 1.10 (0.77-1.59), P 5 .60 1.42 (0.93-2.17), P 5 .10

Age 18-54/offspring donor 0.39 (0.17-0.91), P 5 .029 0.84 (0.53-1.33), P 5 .46 1.18 (0.72-1.93), P 5 .52

Age 55-78/sibling donor 0.69 (0.33-1.46), P 5 .33 1.07 (0.67-1.69), P 5 .78 0.80 (0.46-1.39), P 5 .44

Age 55-78/offspring donor 0.62 (0.34-1.13), P 5 .12 0.98 (0.68-1.41), P 5 .93 0.70 (0.45-1.09), P 5 .12

Patient age/donor age, y

Age 18-54/donor age 10-29 1.00, P 5 .10§ 1.00, P 5 .24§ 1.00, P 5 .001§

Age 18-54/donor age 30-80 0.95 (0.40-2.34), P 5 .89 1.14 (0.83-1.57), P 5 .41 0.93 (0.67-1.29), P 5 .66

Age 55-78/donor age 10-29 2.49 (1.11-5.56), P 5 .03 0.77 (0.48-1.24), P 5 .28 0.53 (0.31-0.92), P 5 .02

Age 55-78/donor age 30-80 1.67 (0.86-3.26), P 5 .13 1.17 (0.85-1.60), P 5 .33 0.55 (0.38-0.80), P 5 .002

*Adjusted for disease.
†Adjusted for graft type.
‡Adjusted for graft type.
§This P value represents the level of significance for the overall Fine and Gray model. P values for paired comparisons within the model were considered significant only when the P value

for the overall model was significant.
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Figure 3. Graft failure. (A) Graft failure by recipient age and donor-recipient relationship. Two-year cumulative incidence of graft failure adjusted for disease among recipients

younger than 55 years was 17% (95% CI, 11%-26%) for parent donors, 6% (95% CI, 4%-10%) for sibling donors, and 7% (95% CI, 3%-13%) for offspring donors, and

among recipients at least 55 years old, it was 13% (95% CI, 7%-20%) for sibling donors and 11% (95% CI, 8%-15%) for offspring donors. (B) Graft failure by recipient age

and donor age. The 2-year cumulative incidence of graft failure adjusted for disease among recipients younger than 55 years was 7% (95% CI, 4%-12%) with donors younger

than 30 years and 8% (95% CI, 5%-13%) with donors at least 30 years old, and among recipients at least 55 years old, it was 17% (95% CI, 9%-26%) with donors younger

than 30 years and 13% (95% CI, 8%-18%) with donors at least 30 years old.
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predictors for survival. Consistent with another report on patients
older than 50 years who underwent haplo transplantation with PT-
Cy, we also did not observe differences in survival between patients
aged 60 to 69 years and those aged 70 to 78 years.23

Our relatively modest sample of 928 donor-recipient pairs
prevented us from studying the effect of HLA disparity, including
KIR ligand match status, as definitive studies on HLA matching for
adult unrelated donor transplantation have required several
thousands of donor-recipient pairs.24-26 Others have shown a
noninherited maternal antigen effect with mismatched sibling
donor transplantation,9,27 which we were unable to study, as
parental donors only constituted 13% of donors, and detailed HLA
typings of parents were not available. Similarly, others report
higher graft failure when the recipient harbors donor-specific
antibodies, which we were unable to study.21,28,29 Although
transplantations occurred at 65 centers, we did not see differ-
ences in survival by transplant center (P 5 .98).30 Although our
study is the largest of T-cell-replete haplo transplantation with
PT-Cy in adults with hematologic malignancy, we only studied
the effect of non-HLA donor characteristics on transplantation
outcomes. In this context, survival is largely determined by patient
and disease characteristics, rather than donor age or donor-
recipient relationship. Higher graft failure with parental donor
transplants merits further exploration.
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