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Haploidentical hematopoietic stem cell transplantation (haplo-HSCT) has emerged as an

important treatment modality. Most reports comparing haplo-HSCT with posttransplant

cyclophosphamide (PTCy) and other donor sources have focused on outcomes in older

adults treated with reduced intensity conditioning. Therefore, in the current study, we

evaluated outcomes in patients with hematological malignancy treated with myeloabla-

tive conditioning prior to haplo- (n 5 375) or umbilical cord blood (UCB; n 5 333) HSCT.

All haplo recipients received a 4 of 8 HLA-matched graft, whereas recipients of UCB were

matched at 6-8/8 (n 5 145) or #5/8 (n 5 188) HLA antigens. Recipients of 6-8/8 UCB trans-

plants were younger (14 years vs 21 and 29 years) and more likely to have lower comor-

bidity scores compared with recipients of #5/8 UCB and haplo-HSCT (81% vs 69% and

63%, respectively). UCB recipients were more likely to have acute lymphoblastic leuke-

mia and transplanted in second complete remission (CR), whereas haplo-HSCT recipients

were more likely to have acute myeloid leukemia in the first CR. Other characteristics,

including cytogenetic risk, were similar. Survival at 3 years was similar for the donor

sources (66% haplo- and 61% after #5/8 and 58% after 6-8/8 UCB). Notably, relapse at 3

years was lower in recipients of #5/8 UCB (21%, P 5 .03) compared with haplo- (36%)

and 6-8/8 UCB (30%). However, nonrelapse mortality was higher in #5/8 UCB (21%) com-

pared with other groups (P , .0001). These data suggest that haplo-HSCT with PTCy after

myeloablative conditioning provides an overall survival outcome comparable to that

after UCB regardless HLA match group.

Introduction

Haploidentical hematopoietic stem cell transplantation (haplo-HSCT) has emerged as an important alter-
native donor source.1,2 Historically, the successful use of haplo-HSCT was limited by high risks of severe
graft-versus-host disease (GVHD), graft failure, and mortality.3-5 In order to ameliorate these risks, more
intensive conditioning regimens were often coupled with complex T-cell depletion procedures,6-13 often
leading to increased risks of opportunistic infections because of delayed immune recovery as well as
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Key Points

� Three-year survival is
similar after PTCy
haplo- and UCB
transplant.

� Lower relapse but
higher nonrelapse
mortality in #5/8
matched UCB as
compared with haplo-
and 6-8/8 UCB
transplant.
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conditioning-related toxicities. However, the seminal work by Santos
and Owens14 and later by Luznik et al15 laid the foundation for
exploring the potential of high-dose posttransplant cyclophospha-
mide (PTCy). Today, haplo-HSCT with PTCy represents �15% of
all allogeneic transplants worldwide. The PTCy platform is relatively
inexpensive and readily available. PTCy is easy to incorporate into
existing treatment plans and does not require more toxic condition-
ing or ex vivo T-cell depletion of the allograft. It provides significant
protection from GVHD and is associated with a low incidence of
nonrelapse mortality particularly in adults with hematological malig-
nancies treated with in a reduced intensity conditioning.1,2,16,17 In
the absence of an HLA-matched related or unrelated donor, haploi-
dentical relatives and banked umbilical cord blood (UCB) offer
access to a potentially life-saving treatment as well as rapid availabil-
ity of a donor and greater flexibility in timing of transplantation.18

To date, most comparisons between haplo- and UCB HSCT for
hematologic malignancy have been restricted to patients treated
with either nonmyeloablative or reduced intensity conditioning regi-
mens.19-21 These studies have failed to show a difference in
disease-free survival between haplo- and UCB HSCT. In a compara-
tive study of haplo- and UCB HSCT for lymphoma, progression-free
and overall survival were higher after haplo-HSCT.22 In this study,
we compared the outcomes of patients with acute leukemia in
remission who underwent a haplo- and UCB HSCT with myeloabla-
tive conditioning regimens for acute myeloid leukemia (AML) and
acute lymphoblastic leukemia (ALL) in remission at transplantation .

Methods

Patients

Data were reported prospectively to the Center for International
Blood and Marrow Transplant Research, a voluntary working group
of .450 transplant centers worldwide that contribute data on allo-
geneic and autologous hematopoietic cell transplant. Participating
centers report consecutive transplants, and compliance is monitored
by on-site audits. All patients are followed longitudinally until death
or lost to follow-up. For this study, eligible patients were ,50 years
of age and received either a haploidentical ($2 HLA-loci mismatch)
or partially HLA-matched UCB (2 to 8 of 8 HLA match) graft for
AML or ALL between 2012 and 2017 in the United States. All
patients were transplanted in first or second complete remission
(CR). Recipients of UCB HSCT received a single UCB unit (n 5

69) or 2 UCB units (n 5 113). All patients regardless of donor type
received myeloablative conditioning regimens.23 Recipients of
haplo-HSCT received pharmacological immune suppression with a
calcineurin inhibitor and mycophenolate mofetil in addition to PTCy
for GVHD prophylaxis. Recipients of UCB HSCT received a calci-
neurin inhibitor and mycophenolate mofetil. None of the patients
received in vivo T-cell depletion. Excluded were patients who were
not in remission at transplantation or received a reduced intensity or
nonmyeloablative conditioning regimens. Other exclusion criteria
included transplantations with graft manipulation (eg, expansion of
UCB HSC or ex vivo T-cell depletion of haplo-HSC). Patients or
their legal guardian provided written consent for research. The study
was approved by the Institutional Review Board of the National Mar-
row Donor Program.

Endpoint

Neutrophil recovery was defined as achieving a count of $0.5 3
109/L for 3 consecutive days and platelet recovery, as achieving a
count of $20 3 109/L without transfusions for 7 consecutive days.
Grades II to IV acute GVHD, grade III to IV acute GVHD, and
chronic GVHD were defined using standard definitions.23,24 Mor-
phologic, cytogenetic, or molecular recurrence of leukemia was con-
sidered as relapse and death in remission, nonrelapse mortality.
Leukemia-free survival was defined as being alive in continuous
remission. Death from any cause was an event, and surviving
patients were censored at last follow-up.

Statistical analysis

Patient-, disease-, and transplant-related characteristics were com-
pared between treatment groups using the x2 test for categorical
variables. The probability of neutrophil and platelet recovery and
acute and chronic GVHD was calculated using the cumulative inci-
dence estimator to accommodate competing risks.25 Cox regres-
sion models were built to identify risk factors for acute and chronic
GVHD, nonrelapse mortality, relapse, overall, and leukemia-free sur-
vival.26 Donor type (haplo- vs #5/8 UCB vs 6-8/8 UCB) was held
in all steps of model building and the final model, and other covari-
ates were retained in the final model if a significance level of ,0.05
was achieved. Forward stepwise selection was used to identify sig-
nificant covariates. All covariates met the assumption for proportion-
ality, and there were no first-order interactions between donor type
and other covariates held in the final model. The probabilities of
overall and leukemia-free survival and cumulative incidence probabili-
ties for nonrelapse mortality and relapse were generated from the
final Cox models.27,28 An effect of transplant center on overall sur-
vival was tested using the frailty test and center volume.29 All analy-
ses were performed using SAS 9.4 (SAS Institute Inc, Cary, NC).

Results

Patient, disease, and transplant characteristics

Seven hundred eight patients were eligible, and their characteristics
are shown by donor type in Table 1. Compared with recipients of
haplo-HSCT, UCB recipients regardless of HLA-match group were
more likely to have a better performance score and less likely to
have AML or be in first CR. However, recipients of UCB matched at
6-8/8 also tended to be younger and have a lower comorbidity
index relative to recipients of haplo-HSCT; recipients of more mis-
matched (#5/8) UCB were more likely to be male relative to recipi-
ents of either haplo- or 6-8/8 UCB HSCT. The median age and
comorbidity index of recipients of haploidentical relative and #5/
8 UCB HLA-matched transplants were not different. All recipients of
UCBs were conditioned with a combination of total body irradiation
(TBI), cyclophosphamide (Cy), and fludarabine (Flu), whereas recipi-
ents of haplo-HSCT received either a TBI (TBI/Cy or TBI/Flu; N 5
225 of 375, 60%) or busulfan-based (Flu/Bu or Bu/Cy; N 5 150 of
375, 40%) myeloablative regimen. All recipients received a calci-
neurin inhibitor and mycophenolate as GVHD prophylaxis with post-
transplant Cy (PTCy) only administered for haplo-HSCTs.
Recipients of haplo-HSCT received a peripheral blood (n 5 249;
66%) or bone marrow (n 5 126; 34%) graft. Although UCB
HSCTs were fairly well distributed between the transplant periods,
haplo-HSCT was more likely after 2014. Consequently, the median
follow-up after haplo-HSCT was 24 months as compared with 46
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months and 36 months in recipients of #5/8 and 6-8/8 UCB HLA-
matched transplants, respectively.

Hematopoietic recovery

The median time to neutrophil recovery was 16 days (interquartile
range [IQR] 14-19) after haplo-HSCT compared with 22 days (IQR,

17-26) and 19 days (IQR, 17-26) after #5/8 and 6-8/8 UCB HLA-
matched transplants, respectively (P , .001). Consequently, the
day 28 incidence of neutrophil recovery was higher after haplo-
HSCT (93%, 95% confidence interval [CI], 91-96) compared with
UCB regardless of HLA match (74%, 95% CI, 68-80 for #5/8
UCB and 81%, 95% CI, 74-87 for 6-8/8 UCB; P, .001). The cor-
responding time to platelet recovery was 27 days (IQR, 18-30), 43

Table 1. Patient and disease characteristics

Variables Haplo-HSCT #5/8 HLA-matched UCB 6-8/8 HLA-matched UCB

P value comparing haplo- to UCB

#5/8 6-8/8

Number of subjects 375 188 145

Age, y ,.001 ,.001

#16 67 (18%) 70 (37%) 84 (58%)

17 to 29 132 (35%) 61 (32%) 26 (18%)

30 to 39 75 (20%) 34 (18%) 21 (15%)

40 to 49 101 (27%) 23 (12%) 14 (10%)

Sex .13 .99

Male 202 (54%) 114 (61%) 78 (54%)

Female 173 (46%) 74 (39%) 67 (46%)

Race .84 .06

Caucasian 235 (63%) 113 (60%) 100 (69%)

Non-Caucasian 109 (29%) 58 (31%) 28 (19%)

Not reported 31 (8%) 17 (9%) 17 (12%)

Performance score ,.0001 .31

90 to 100 235 (63%) 150 (80%) 101 (70%)

#80 132 (35%) 37 (20%) 42 (29%)

Not reported 8 (2%) 1 (,1%) 2 (1%)

Comorbidity index .20 ,.0001

#2 237 (63%) 129 (69%) 117 (81%)

$3 138 (37%) 59 (31%) 28 (19%)

Recipient CMV serostatus .74 .65

Negative 119 (32%) 57 (30%) 52 (36%)

Positive 254 (68%) 129 (69%) 92 (63%)

Not reported 2 (,1%) 2 (1%) 1 (,1%)

Disease .003 .002

AML 193 (52%) 72 (38%) 53 (37%)

ALL 182 (49%) 116 (62%) 92 (63%)

Disease status .02 .002

1st CR 233 (62%) 98 (52%) 68 (47%)

2nd CR 142 (38%) 90 (48%) 77 (53%)

Disease risk index .17 .003

Low/intermediate 280 (75%) 130 (70%) 89 (62%)

High/very high 95 (25%) 57 (30%) 56 (39%)

Cytogenetic risk .002 .06

Favorable 79 (21%) 61 (32%) 44 (30%)

Intermediate 116 (31%) 55 (29%) 48 (33%)

Poor 148 (40%) 68 (36%) 46 (32%)

Not reported 32 (9%) 4 (2%) 7 (5%)

Transplant period ,.0001 ,.0001

2012-2014 64 (19%) 105 (58%) 67 (48%)

2015-2017 272 (81%) 77 (42%) 73 (52%)
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days (IQR, 37-55), and 40 days (IQR, 37-52) (P , .001) with the
day 100 incidence of platelet recovery also higher after haplo-
HSCT (90%, 95% CI, 87-93) compared with UCB (73%, 95% CI,
66-79 for #5/8 UCB and 89%, 95% CI, 83-94 for 6-8/8 UCB;
P, .001).

Acute and chronic GVHD

Compared with haplo-HSCT, grade II to IV acute GVHD risk was
higher after #5/8 and 6-8/8 UCB (Table 2). The day 90 incidence
of grade II to IV acute GVHD was 26% (95% CI, 22-31), 63%
(95% CI, 56-69), and 48% (95% CI, 40-56) after haplo-HSCT,
#5/8 and 6-8/8 UCB, respectively (P , .0001 and P , .0001
comparing haplo-HSCT to each UCB cohort). No other factor was
associated with acute grade II to IV GVHD risk. Similarly, grade III to
IV acute GVHD risk was also higher after #5/8 and 6-8/8 UCB
HLA-matched transplants (Table 2) with the day 90 incidence of
grade III to IV acute GVHD being 6% (95% CI, 4-9), 30% (95%
CI, 24-37), and 18% (95% CI, 12-25) after haplo-HSCT, #5/8 and
6-8/8 UCB, respectively (P , .0001 and P 5 .0005). Separate
analysis of pediatric (age #16 years) and adult cohorts also
showed higher acute GVHD after UCB HSCT (supplemental Tables
1 and 2). In a subset analysis limited to recipients of haploidentical
HSCT, grade II to IV but not grade III to IV acute GVHD was higher
after transplantation of peripheral blood compared with bone mar-
row grafts (Table 3).

Chronic GVHD, however, was similar between the donor sources
(Table 2). The 3-year incidence of chronic GVHD was 38% (95%
CI, 32-44), 40% (95% CI, 32-48), and 43% (95% CI, 33-52) after
haplo-HSCT, #5/8 and 6-8/8 UCB, respectively (P 5 .65 and P 5

.42). Patients .16 years had significantly higher risk for chronic
GVHD compared with younger patients (HR, 1.61; 95% CI, 1.19-
2.19; P 5 .0020). A separate analysis of pediatric and adult cohorts
did not show differences in chronic GVHD risks between donor types
(supplemental Tables 1 and 2). Among haploidentical HSCT recipi-
ents, chronic GVHD was higher after transplantation of peripheral
blood (Table 3).

Nonrelapse mortality and relapse

Compared with haplo-HSCT, nonrelapse mortality was higher after
UCB regardless of HLA match (Table 2; Figure 1A). The 3-year inci-
dence of nonrelapse mortality was 10% (95% CI, 7-14), 26%

Table 2. Multivariate analyses

Outcomes

Hazard ratio

(95% CI) P

Grade II to IV acute GVHD

Donor type

Haplo-HSCT 1.00

#5/8 HLA-matched UCB 2.90 (2.25-3.74) ,.0001

6-8/8 HLA-matched UCB 1.80 (1.35-2.39) ,.0001

Grade III to IV acute GVHD

Donor type

Haplo-HSCT 1.00

#5/8 HLA-matched UCB 4.95 (3.09-7.93) ,.0001

6-8/8 HLA-matched UCB 2.74 (1.59-4.72) .0003

Chronic GVHD

Donor type

Haplo-HSCT 1.00

#5/8 HLA-matched UCB 1.28 (0.95-1.73) .10

6-8/8 HLA-matched UCB 1.18 (0.84-1.67) .34

Nonrelapse mortality

Donor type

Haplo-HSCT 1.00

#5/8 HLA-matched UCB 3.05 (2.00-4.67) ,.0001

6-8/8 HLA-matched UCB 2.28 (1.35-3.86) .002

Age, y

#16 1.00

.16 2.98 (1.79-4.96) ,.0001

Relapse

Donor type

Haplo-HSCT 1.00

#5/8 HLA-matched UCB 0.65 (0.45-0.91) .026

6-8/8 HLA-matched UCB 0.95 (0.66-1.36) .79

Disease status at transplantation

1st CR 1.00

2nd CR 1.63 (1.22-2.18) .001

Overall survival

Donor type

Haplo-HSCT 1.00

#5/8 HLA-matched UCB 1.38 (1.02-1.87) .037

6-8/8 HLA-matched UCB 1.34 (0.94-1.92) .10

Age, y

#16 1.00

.16 1.50 (1.09-2.07) .014

Disease status at transplantation

1st CR 1.00

2nd CR 1.45 (1.12-1.89) .005

HCT comorbidity score

#2 1.00

$3 1.36 (1.04-1.79) .030

Table 2. (continued)

Outcomes

Hazard ratio

(95% CI) P

Leukemia-free survival

Donor type

Haplo-HSCT 1.00

#5/8 HLA-matched UCB 1.17 (0.89-1.53) .26

6-8/8 HLA-matched UCB 1.17 (0.87-1.58) .28

Disease status at transplantation

1st CR 1.00

2nd CR 1.42 (1.13-1.79) .003

HCT comorbidity score

#2 1.00

$3 1.39 (1.09-1.77) .007
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(95% CI, 20-33), and 23% (95% CI, 15-31) after haplo-HSCT,
#5/8 and 6-8/8 UCB HLA-matched transplants, respectively (P ,

.0001 and P 5 .007). Regardless of donor type, patients .16
years had higher risk for nonrelapse mortality compared with those
who were younger (Table 2). A separate analysis of the adult cohort
confirmed higher nonrelapse mortality after #5/8 and 6-8/8 UCB
HSCT (supplemental Table 2). In those aged ,16 years, the risk
for nonrelapse mortality was twofold higher after #5/8 UCB HSCT
but overlapping CIs from a modest sample size meant level of signif-
icance was .0.05 (supplemental Table 1). The 3-month incidence
of systemic infections (bacterial, viral, or fungal) was higher after
#5/8 (15%, 95% CI, 10-20; P 5 .003) UCB compared with haplo-
or 6-8/8 (5%, 95% CI, 2-9 and 6%, 95% CI, 2-10, respectively).
Similarly, the corresponding 6-month incidence of systemic infection
was 22% (95% CI, 16-28), 11% (95% CI, 7-17), and 11% (95%
CI, 6-17) (P 5 .010).

Compared with haplo-HSCT, relapse risk was lowest after #5/
8 UCB (Table 2; Figure 1B). The 3-year incidence of relapse was
21% (95% CI, 15-28) after #5/8 UCB compared with 36% (95%
CI, 30-43) after haplo-HSCT (P 5 .0009) and 30% (95% CI, 23-
38) after 6-8/8 UCB (P 5 .23). Regardless of donor type, relapse
risk was higher for recipients transplanted second CR as compared

with first CR. Although the relapse risk was lower after #5/8 UCB
compared with haplo-HSCT in patients aged #16 years, this did
not reach statistical significance (supplemental Table 1). However,
in those who were older, relapse risk was lower after #5/8 and
6-8/8 UCB compared with haplo-HSCT (supplemental Table 2). In
subset analysis limited to recipients of haplo-HSCT, nonrelapse
mortality was higher after transplantation of peripheral blood, but
relapse risks did not differ by graft type (Table 3).

Overall and leukemia-free survival

Compared with haplo-HSCT, overall survival was lower after #5/
8 UCB and comparable to 6-8/8 UCB (Table 2; Figure 2A). The
3-year probability of survival adjusted for age, HCT comorbidity
score, and disease status was 66% (95% CI, 60-71), 61% (95%
CI, 53-67), and 58% (95% CI, 48-67) after haplo-HSCT, #5/8 and
6-8/8 UCB, respectively (P 5 .28 and P 5 .17). Overall survival
was lower for patients .16 years, transplanted in CR2, and a
comorbidity score $3. Overall survival was not associated with per-
formance score or disease type (supplemental Table 3). A separate
analysis of the pediatric and adult cohorts confirmed higher mortality
after #5/8 and 6-8/8 UCB HSCT in adults but not in children (sup-
plemental Tables 1 and 2). There were no differences in leukemia-

Table 3. Haploidentical transplant: comparison of graft source

Bone marrow Peripheral blood

POutcomes N evaluable

Cumulative incidence

(95% CI), % N evaluable

Cumulative incidence

(95% CI), %

Day 100 grade II to IV acute GVHD 126 21 (14-28) 247 30 (25-26) .04

Day 100 grade III to IV acute GVHD 119 6 (2-11) 233 6 (4-10) .84

Chronic GVHD at 3 y 124 22 (15-30) 244 48 (41-56) ,.001

Nonrelapse mortality at 3 y 126 6 (2-10) 247 14 (10-19) .03

Relapse at 3 y 126 35 (26-45) 247 35 (27-43) .51

Overall survival at 3 y 126 71 (62-80) 249 60 (52-68) .39

Leukemia-free survival at 3 y 126 59 (49-69) 247 51 (43-59) .40
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Figure 1. Nonrelapse mortality and relapse. (A) The incidence of nonrelapse mortality after haploidentical relative (a), #5/8 (b), and 6-8/8 (c) UCB transplant. (B) The

incidence of relapse after haploidentical relative (a), #5/8 (b), and 6-8/8 (c) UCB transplant.
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free survival by treatment groups (Table 2; Figure 2B). The 3-year
probability of leukemia-free survival adjusted for HCT comorbidity
score and disease status was 54% (95% CI, 47-60), 55% (95%
CI, 47-62), and 52% (95% CI, 44-60) after haplo-HSCT, #5/8 and
6-8/8 UCB HLA-matched transplants, respectively (P 5 .82 and P
5 .82). Leukemia-free survival was lower for patients transplanted in
CR2 and comorbidity score $3. Leukemia-free survival was not
associated with performance score or disease type (supplemental
Table 3). Separate analysis of the pediatric and adult cohorts did
not show differences by donor type (supplemental Tables 1 and 2).
Among recipients of haploidentical HSCT, leukemia-free and overall
survival did not differ by graft type (Table 3).

Recurrent disease was the most frequent cause of death after
haplo-HSCT (60 of 110, 55%) and 6-8/8 HLA-matched UCB (25
of 51, 49%) in contrast to #5/8 HLA-matched UCB (21 of 73,
29%). Infection was the second most frequent cause of death after
haplo-HSCT (16 of 110, 15%). Multiorgan failure (15 of 73, 21%),
GVHD (14 of 73, 19%), and infection (12 of 73, 16%) were com-
mon causes of death after #5/8 HLA-matched UCB transplants.
Multiorgan failure (6 of 51, 12%) and interstitial pneumonitis (6 of
51, 12%) were also common causes of death after 6-8/8 HLA-
matched USB. Other causes of death did not differ by donor type.

Transplant center effect

An effect of transplant center on overall survival was examined using
the frailty test, and we did not observe an effect (P 5 .24). Consis-
tent with the main analyses (Table 2), compared with haplo-HSCT,
survival was lower after #5/8 UCB (HR, 1.41; 95% CI, 1.02-1.95;
P 5 .041) but not after 6-8/8 UCB HSCT (HR, 1.33; 95% CI,
0.91-1.93; P 5 .14). One hundred fifteen centers contributed
patients to the study. Of that, 73 centers contributed 1 to 5 cases,
24 centers contributed 6 to 10 cases, and 18 centers contributed
.10 cases. We did not observe differences in survival comparing
centers that contributed .10 cases vs 6 to 10 cases (HR, 1.00;
95% CI, 0.73-1.38; P 5 .98) and 1 to 5 cases (HR, 0.89; 95% CI,
0.66-1.21; P 5 .47). An examination of center volume separately by
haplo-HSCT (.10 vs 6-10 [P 5 .17] and 1-5 [P 5 .51] cases)

and UCB HSCT (.10 vs 6-10 [P 5 .19] and 1-5 [P 5 .56]) also
failed to show an effect on survival.

Discussion

The primary aim of this analysis was to determine the relative risks
of relapse and mortality in recipients of haplo-HSCT and UCB
HSCT that was HLA-matched at #5/8 or 6-8/8 in children, adoles-
cents, and adults with AML and ALL in first or second CR treated
with myeloablative transplant conditioning regimens. After adjusting
for HCT comorbidity score, performance score disease type, and
disease status at transplantation, we did not observe significant dif-
ferences in leukemia-free survival after haplo- and UCB HSCT. An
examination of the pediatric (age #16 years) and adult cohorts sep-
arately also failed to show significant differences in leukemia-free
survival between donor types. Those .16 years were at higher risk
for nonrelapse mortality and lower survival. This was particularly evi-
dent when the analysis included only adults but consistent with the
main analysis that leukemia-free survival did not differ by donor type.
The pattern of treatment failure differed by donor type. After adjust-
ing for age at transplantation, nonrelapse mortality was higher after
#5/8 and 6-8/8 UCB HSCT, but relapse risk was lower especially
after #5/8 UCB HSCT and thought to be mediated by graft-versus-
leukemia effect. This negated any potential adverse effect on
leukemia-free survival after UCB compared with haplo-HSCT. Our
findings are consistent with that of an earlier report from Europe
that did not find a difference in leukemia-free survival between
haplo- and UCB HSCT.19 However, that report19 included both
myeloablative and reduced intensity conditioning regimens, and only
about half of the haplo-HSCTs received PTCy containing GVHD
prophylaxis. In contrast, 2 recent reports from Europe on patients
with acute leukemia who received a thiotepa-containing non-irradia-
tion-containing myeloablative regimen found higher survival after
haplo- compared with UCB HSCT.30,31 We searched carefully for a
transplant center on survival and found none. Thus, the available
data support using haplo or UCB as alternate donor sources to
increase access to HSCT when an HLA-matched relative or unre-
lated adult donor is not available.
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Figure 2. Leukemia-free and overall survival. (A) The probability of leukemia-free survival after haploidentical relative (a), #5/8 (b), and 6-8/8 (c) UCB transplant.

(B) The probability of overall survival after haploidentical relative (a), #5/8 (b), and 6-8/8 (c) UCB transplant.
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The relative risks of GVHD comparing haplo- and UCB HSCT, how-
ever, have been inconsistent. In the recently reported randomized
trial of haplo- vs UCB HSCT with reduced intensity conditioning,
incidences of acute and chronic GVHD were similar.21 In the cur-
rent analyses in which the intensity of the conditioning regimen was
myeloablative and all recipients of haplo-HSCT received PTCy for
GVHD prophylaxis, grade II to IV and grade III to IV acute GVHD
but not chronic GVHD were higher after UCB HSCT and consistent
with that reported by others.19 PTCy induces early immune toler-
ance mediated by destruction of alloreactive donor and recipient T
cell, and any remaining alloreactivity is counterbalanced by increas-
ing the number of regulatory T cells.32 A delayed but long-lasting
intrathymic clonal deletion of antihost cells maintains long-term
immune tolerance.32 Bone marrow and peripheral blood grafts were
used for haplo-HSCT in the current analyses. Consistent with other
reports, we observed higher chronic GVHD after transplantation of
peripheral blood but without an adverse effect on survival.33 Others
have examined use of PTCy containing GVHD prophylaxis for UCB
HSCT in a limited number of patients.34 This strategy for GVHD
prophylaxis has not been adopted widely considering the impor-
tance of lymphocyte recovery as a predictor of outcomes after UCB
HSCT.35 In addition to tackling delayed immune reconstitution that
uniformly occurs after allogeneic HSCT regardless of HSC
source,35,36 higher risks of graft failure and slower hematopoietic
recovery have long been recognized as a limitation of UCB due to
the relatively low number of HSC infused, including CD34 dose and
a greater HLA disparity between the UCB graft and recipient.37-39

As expected, in this analysis, hematopoietic recovery was also
slower after UCB transplant in the setting of UCB. Although engraft-
ment rates have improved over time because of the concerted effort
of cord blood banks to store only units with higher cell doses,
recent advances in ex vivo expansion culture have led to marked
improvements in engraftment and rates of recovery after UCB trans-
plant, increasingly comparable to that observed after peripheral
blood and bone marrow transplants.40-42

In summary, our results demonstrate that both haplo- and UCB
HSCT are efficacious. The effect of a higher risk of nonrelapse mor-
tality after UCB HSCT is tempered by lower risk of relapse
(although not always statistically significant) negating an adverse

effect on leukemia-free survival. Access to alternative donor HSCT
is especially important as the general population becomes increas-
ingly diverse, making it more difficult to identify an HLA-matched
unrelated donor when an HLA-matched sibling donor is not avail-
able. However, for those patients at risk of rapid disease progres-
sion, rapid access and transplant flexibility are advantages favoring
haplo- and UCB HSCT over unrelated donors where donor attrition
and prolonged search times can be obstacles.43
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