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Key Points

• Lower GVHD after
haploidentical transplant
with posttransplant cyclo-
phosphamide compared with
HLA-matched unrelated
donor transplant.

• Comparable overall survival
after haploidentical compared
with matched unrelated donor
transplant for AML.

We studied adults with acute myeloid leukemia (AML) after haploidentical (n 5 192) and

8/8 HLA-matched unrelated donor (n 5 1982) transplantation. Haploidentical recipients

received calcineurin inhibitor (CNI), mycophenolate, and posttransplant cyclophosphamide

for graft-versus-host disease (GVHD) prophylaxis; 104 patients received myeloablative and

88 received reduced intensity conditioning regimens. Matched unrelated donor transplant

recipients received CNI with mycophenolate or methotrexate for GVHD prophylaxis; 1245

patients received myeloablative and 737 received reduced intensity conditioning regimens.

In themyeloablative setting, day 30neutrophil recoverywas lower after haploidentical

compared with matched unrelated donor transplants (90% vs 97%, P5 .02). Corresponding

rates after reduced intensity conditioning transplants were 93% and 96% (P 5 .25). In the

myeloablative setting, 3-month acute grade 2-4 (16% vs 33%, P < .0001) and 3-year chronic

GVHD (30% vs 53%, P < .0001) were lower after haploidentical compared with matched

unrelated donor transplants. Similar differences were observed after reduced intensity

conditioning transplants, 19% vs 28% (P5 .05) and 34% vs 52% (P5 .002). Among patients

receiving myeloablative regimens, 3-year probabilities of overall survival were 45% (95% CI, 36-54) and 50% (95% CI, 47-53) after

haploidenticalandmatchedunrelateddonor transplants(P5 .38).Correspondingratesafter reducedintensityconditioningtransplantswere

46%(95%CI,35-56)and44%(95%CI,0.40-47) (P5 .71).Althoughstatisticalpower is limited, thesedatasuggests thatsurvival forpatientswith

AML after haploidentical transplantation with posttransplant cyclophosphamide is comparable with matched unrelated donor trans-

plantation. (Blood. 2015;126(8):1033-1040)

Introduction

An unrelated adult donor who is HLA-matched to the recipient at the
allele-level (at HLA-A, -B, -C, and -DRB1) is considered the best
alternative in the absence of an HLA-matched sibling for patients
needing hematopoietic cell transplantation.1,2 However, using unrelated
donors is limited by (1) a prolonged time to identify and schedule do-
nation for some unrelated donors allowing some patients to relapse

before transplantation can be performed,3,4 and (2) limited availability
of fully HLA-matched unrelated donors for the non-Caucasian
population.5 Alternative donors are used for transplantation in patients
without a fully-matched unrelated donor including unrelated umbilical
cord blood and grafts from haploidentical related donors. However,
haploidentical transplantation performed using extensive in vivo or
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ex vivo T-cell depletion to prevent graft-versus-host disease (GVHD)
is associated with higher nonrelapse mortality and delayed immune
reconstitution.6-8 A more recent strategy for haploidentical related
donor transplantation,whichhas had some success, is transplantationof
T-cell replete grafts with intensive immune suppression.9-12 A different
strategy to control GVHD is the administration of posttransplantation
cyclophosphamide, which targets alloreactive T cells generated early
after an HLA-mismatched transplant, relatively sparing regulatory
T cells and leaving unaffected the nondividing hematopoietic stem
cells.13-15 Patients treated in thismanner usually receive a bonemarrow
(BM) graft and standard posttransplant immune suppression with a
calcineurin inhibitor (CNI) and mycophenolate mofetil. This approach
has been studied at several institutions and in a national clinical trial
conducted by the Blood and Marrow Transplant Clinical Trials
Network (BMT CTN).16-18 Further, reports from single institutions
suggest similar outcomes after haploidentical transplantation using the
above stated approach compared with HLA-matched related or un-
related donor transplants.19-21 The current analysis compares trans-
plantation outcomes after haploidentical donor transplantation using
the posttransplant cyclophosphamide approach to that after 8/8 HLA-
matched unrelated donor transplantation in adults with acute myeloid
leukemia (AML).

Patients and methods

Data source and inclusion criteria

Datawereobtained from theCenter for InternationalBloodandMarrowTransplant
Research (CIBMTR). The CIBMTR is a voluntary network of over 300 transplant
centersworldwide. Participating centers report consecutive transplants and patients
are followed longitudinally until death or lost to follow-up. Included in this analysis
are adults with AML (de novo or secondary) who received their first allogeneic
hematopoietic cell transplantbetween2008and2012and reported to theCIBMTR;
98% of transplants were performed in the United States and the remaining 2% in
Europe. Recipients of haploidentical transplantation (mismatched at least two or
more HLA-loci to donors) received an unmanipulated, predominantly BM graft
withGVHDprophylaxis consistingof posttransplant cyclophosphamide,CNI, and
mycophenolate mofetil. Recipients of unrelated transplantation (matched at the
allele-level atHLA-A, -B, -C, and -DRB1) receivedpredominantlyunmanipulated,
peripheral blood and GVHD prophylaxis consisting of a CNI and methotrexate or
mycophenolate mofetil. The Institutional Review Boards of the Medical College
of Wisconsin and the National Marrow Donor Program approved this study.

End points

The primary end point was overall survival (OS); death from any cause was
considered an event and surviving patients were censored at last contact.
Neutrophil recoverywasdefinedasachievingabsoluteneutrophil count$500/mL
for 3 consecutive days and platelet recovery defined as achieving platelet
counts $20 000/mL for at least 7 days, unsupported by transfusion. Acute
GVHD22 and chronic GVHD23 were graded using standard criteria. Nonrelapse
mortality was defined as death in continuous complete remission. Relapse was
defined as morphologic, cytogenetic, or molecular leukemia recurrence.

Statistical methods

Separate analyses were undertaken for patients receiving myeloablative and
reduced-intensity transplantations.24 OSwas calculated using the Kaplan–Meier
estimator.25 Rates of hematopoietic recovery, acute and chronic GVHD, non-
relapse mortality, and relapse were calculated using the cumulative incidence
estimator to accommodate competing risks.26 Death was the competing risk
for acute and chronic GVHD. Leukemia relapse was the competing risk for
nonrelapse mortality, and nonrelapse mortality the competing risk for leukemia
relapse. Multivariate models for transplantation outcomes were built using Cox

regressionmodels.27 Variables tested included: donor type (haploidentical vs
unrelated donors), patient age (21-50 vs 51-70 years), recipient performance
score (90-100 vs 80 or lower), recipient cytomegalovirus serostatus (positive
vs negative), disease risk index28 (low or intermediate vs high risk), de novo
AML vs secondary AML, and interval from diagnosis to transplant (#12 vs
.12 months). Variables were fit using the backward selection method and
those that retained a P-value of .05 or less were considered significant and
held in models, with the exception of the variable for donor type, which was
held in all steps ofmodel building. None of the variables violated proportionality
assumptions and therewere nofirst order interactions.Pvalues are two-sided and
analyses were performed with SAS version 9.3 (Cary, NC).

Results

Patient, disease, and transplant characteristics

Table 1 shows the characteristics of patients and their disease for
myeloablative regimens. Compared with HLA-matched unrelated
donor transplant recipients, haploidentical transplant recipients were
more likely to report performance scores of 80 or lower, and more
likely to report favorable and adverse cytogenetics. There were no
other differences in patient- and disease-characteristics between the
donor types including disease status and disease risk index. Disease
risk index28 is a validated tool that used cytogenetics and disease status
at transplantation to risk-stratify patients undergoing allogeneic trans-
plantation. Lowdisease risk indexwas assigned to those transplanted in
complete remission with favorable cytogenetics. Intermediate disease
risk indexwas assigned to thosewith intermediate cytogenetics trans-
planted in complete remission.All other combinationswere assigned as
high disease risk index (favorable or intermediate cytogenetics trans-
planted in relapse and adverse cytogenetics transplanted in remission
or relapse). Although non-total body irradiation (TBI) regimens were
predominantly used for both donor types, the regimens varied by
donor type. For recipients of haploidentical transplants, 43% re-
ceived busulfan and cyclophosphamide, 13% received busulfan,
thiotepa, and fludarabine, and 22% received melphalan, thiotepa,
and fludarabine. The remaining patients received TBI and cyclo-
phosphamide (3%) and TBI and fludarabine (19%). All patients
received tacrolimus or cyclosporine with mycophenolate and post-
transplant cyclophosphamide. For HLA-matched unrelated donor
transplants, 42% of patients received busulfan and fludarabine, 32%
received busulfan, and cyclophosphamide, and 26% received TBI
and cyclophosphamide. Eighty-four percent received tacrolimus or
cyclosporine with methotrexate, 9% received tacrolimus or cyclo-
sporine with mycophenolate, and 7% received tacrolimus or cyclo-
sporine with sirolimus.

Table 2 shows the characteristics of patients and their disease for
reduced intensity transplant conditioning regimens. Compared with
HLA-matched unrelated donor transplant, recipients of haploidentical
transplants were younger, more likely to report performance scores
higher than 80, and were more likely to be in second complete
remission. There were no differences in cytogenetics or disease
risk index. As with myeloablative transplants, conditioning regimen
and GVHD prophylaxis varied by donor type. All haploidentical
transplant recipients received TBI 200 cGy with cyclophosphamide
and fludarabine. Almost all patients received tacrolimus or cyclo-
sporine with mycophenolate and all received posttransplant cyclo-
phosphamide for GVHD prophylaxis. Among recipients of unrelated
donor transplants, 39% received busulfan ormelphalan andfludarabine
with in vivo T-cell depletion, 39% received busulfan or melphalan
and fludarabine, and the remaining 21% received TBI 200 cGy,
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cyclophosphamide, and fludarabine. GVHD prophylaxis included
tacrolimus or cyclosporine with methotrexate for 49%, tacrolimus
or cyclosporine with mycophenolate for 43%, and tacrolimus or
cyclosporine with sirolimus for 8% of patients.

Hematopoietic recovery

Neutrophil and platelet recovery rates were not different after
haploidentical compared with HLA-matched unrelated donor trans-
plants except that neutrophil recovery after myeloablative HLA-
matched unrelated donor was higher compared with haploidentical
transplants. The day 30 incidence of neutrophil recovery after
haploidentical and HLA-matched unrelated donor myeloablative
transplantation were 90% (95% CI, 84-94) and 97% (95% CI, 96-98),
respectively;P5 .02. The corresponding 6-month incidence of platelet
recoverywas 88% (95%CI, 78-93) and 92% (95%CI, 91-94);P5 .19.
The day 30 incidence of neutrophil recovery after haploidentical and
HLA-matched unrelated donor reduced intensity transplantation were
93% (95%CI, 87-97) and 96% (95%CI, 95-97), respectively;P5 .24.
The corresponding 6-month incidence of platelet recovery was 88%
(95% CI, 79-93) and 93% (95% CI, 91-94); P5 .15.

Acute and chronic GVHD

Acute and chronic GVHD rates were lower after haploidentical trans-
plantation compared with HLA-matched unrelated donor transplanta-
tion (Tables 3 and 4). BMwas the predominant graft for haploidentical
transplants and peripheral blood, the predominant graft for unrelated
donor transplants. Chronic GVHD rates are generally higher with
transplantation of peripheral blood. Therefore, we compared chronic
GVHD rates in the subset of patients transplantedwithBM.Therewere
no differences in3-year rates of chronicGVHDafter haploidentical and
unrelated donor transplantation with myeloablative regimens (30%
[95% CI, 21-39]; n 5 85 vs 36% [95% CI, 30-43]; n 5 231) or with
reduced intensity regimens (34% [95% CI, 24-44]; n 5 77 vs 30%
[95% CI, 20-41]; n5 80).

Nonrelapse mortality and relapse

Among recipients of myeloablative regimens, nonrelapse mortality
risks were not different after haploidentical compared with HLA-
matched unrelated donor transplantation (Figure 1A; Tables 3 and 4).
One-year relapse rates were lower after unrelated HLA-matched trans-
plants but at 3-years there were no differences by donor type
(Figure 2A). Independent of donor type, nonrelapse mortality risks
were higher for patients with performance scores of 80 or lower
comparedwith thosewith scores of 90 or 100 (HR, 1.39; 95%CI, 1.07-
1.80; P5 .01). Disease risk index was associated with relapse; relapse
risks were higher for patients with high disease risk index compared
with low or intermediate disease risk index (HR, 3.17; 95% CI, 2.66-
3.78; P , .0001). The effect of disease risk index on relapse was
independent of donor type. Interval between diagnosis and transplant
was not associatedwith relapse (HR, 0.85; 95%CI, 0.68-1.06;P5 .14)
or nonrelapse mortality (HR, 0.84; 95% CI, 0.53-1.34; P5 .46).

Among recipients of reduced intensity regimens, nonrelapse
mortality risks were lower and relapse risks higher after haploident-
ical compared with HLA-matched unrelated donor transplantation,
Figures 1B and 2B; Tables 3 and 4. Independent of donor type, high
disease risk index was associated with higher nonrelapse mortality
(HR, 1.54; 95% CI, 1.09-2.17; P5 .01). Relapse risks were higher
in patients with performance scores 80 or lower (HR, 1.31; 95% CI,
1.05-1.63; P5 .01), secondary AML (HR, 1.41; 95%CI, 1.11-1.78;
P5 .004), and high disease risk index (HR, 1.96; 95%CI, 1.55-2.47;
P, .0001). The effects of performance score, disease risk index, and
secondary AML were independent of donor type. Interval between
diagnosis and transplant was not associated with relapse (HR, 0.95;
95%CI, 0.73-1.22;P5 .66) or nonrelapsemortality (HR, 1.12; 95%
CI, 0.79-1.58; P 5 .52).

Table 1. Patient and disease characteristics: myeloablative
regimens

Donor type

Variable Haploidentical Unrelated P

Number 104 1245

Age, y .94

21-50 60 (58%) 709 (57%)

51-70 44 (42%) 536 (43%)

Sex, male 47 (45%) 631 (51%) .28

Performance score .002

90-100 48 (46%) 787 (63%)

#80 50 (48%) 425 (34%)

Not reported 6 (6%) 33 (3%)

Recipient CMV serostatus .56

Positive 48 (46%) 786 (63%)

Negative 23 (22%) 438 (35%)

Not reported 33 (32%) 21 (2%)

Disease status at transplantation .13

First complete remission 48 (46%) 786 (63%)

Second complete remission 21 (20%) 255 (20%)

Relapse 35 (34%) 310 (25%)

Disease risk index .62

Low risk index 5 (5%) 62 (5%)

Intermediate risk index 66 (63%) 843 (68%)

High risk index 33 (32%) 340 (27%)

Secondary AML 17 (16%) 179 (14%) .58

De novo AML 87 (84%) 1066 (86%) —

Cytogenetics* .01

Favorable 12 (12%) 74 (6%)

Intermediate 66 (63%) 951 (76%)

Adverse 23 (22%) 178 (14%)

Not reported 3 (3%) 42 (3%)

Conditioning regimen N/A†

TBI 1 cyclophosphamide 3 (3%) 324 (26%)

TBI 1 fludarabine 20 (19%) —

Busulfan 1 cyclophosphamide 45 (43%) 401 (32%)

Melphalan 1 thiotepa 1 fludarabine 23 (22%) —

Busulfan 1 fludarabine — 233 (19%)

Busulfan 1 fludarabine 1 ATG — 287 (23%)

Busulfan 1 thiotepa 1 fludarabine 13 (13%) —

GVHD prophylaxis N/A†

Tacrolimus/CSA 1 MMF 100 (96%) 114 (9%)

Tacrolimus/CSA 1 MTX — 1048 (84%)

Tacrolimus/CSA 1 sirolimus — 83 (7%)

Posttransplant cyclophosphamide 104 (100%) —

Graft type ,.001

BM 85 (82%) 231(19%)

Peripheral blood 19 (18%) 1014 (81%)

Interval between diagnosis and

transplant

.82

#12 mo 80 (77%) 970 (78%)

.12 mo 24 (23%) 275 (22%)

Transplant period ,.001

2009-2010 25 (24%) 578 (47%)

2011-2012 79 (76%) 667 (53%)

Follow up, median (range), mo 30 (7-59) 36 (9 -64)

ATG, anti-thymocyte globulin; CMV, cytomegalovirus; CSA, cyclosporine; MMF,

mycophenolate; MTX, methotrexate.

*Favorable 5 t(8;21); inv(16) and t(15;17); adverse 5 complex karyotypes $4

abnormalities; intermediate 5 all others.

†N/A 5 not applicable; P-values are not shown as conditioning regimens and

GVHD prophylaxis are “packages” and therefore differ by donor source.
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OS

Among recipients of myeloablative and reduced intensity transplant
conditioning regimens, overall mortality risks were not different after
haploidentical compared with HLA-matched unrelated donor trans-
plantation (Tables 3 and 4; Figure 3A-B). Among recipients of
myeloablative transplantations, mortality was higher for patients
aged 51 to 70 years compared with those aged 21 to 50 years
(HR, 1.26; 95%CI, 1.08-1.47; P5 .003) and high disease risk index

(HR,2.31; 95%CI, 1.97-2.70;P, .0001).Among recipientsof reduced
intensity conditioning transplantations, high disease risk index (HR,
1.74; 95% CI, 1.43-2.12; P, .0001) and secondary AML (HR, 1.29;
95% CI, 1.06-1.61; P 5 .01) were associated with higher mortality.
Mortality risks were not associated with the interval between diagnosis
and transplant after myeloablative (HR, 0.95; 95% CI, 0.78-1.15;
P5 .59) or reduced intensity transplants (HR, 1.05; 95%CI, 0.84-1.30;
P 5 .68). The 3-year probabilities of chronic GVHD-free/leukemia-
free survival after myeloablative HLA-matched unrelated donor and
haploidentical transplants were 12% (95% CI, 10-14) and 24% (95%
CI, 16-33), P 5 .008, respectively. The corresponding probabilities
after reduced intensity conditioning transplants were 10% (95% CI,
8-13) and 18% (95% CI, 11-27), P 5 .09.

In vivo T-cell depletionwith anti-thymocyte globulin (ATG)was
not employed for haploidentical transplants. On the other hand, 23%
of HLA-matched myeloablative transplant and 39% of reduced in-
tensity transplant regimens included ATG. We tested for an effect
of ATG on survival and found none. Compared with haploidentical
transplants, mortality risks for non-ATG and ATG-containing myeloa-
blative HLA-matched unrelated donor transplants were HR, 0.81,
P 5 .19, and HR, 0.83, P 5 .45, respectively. The corresponding
risks with reduced intensity HLA-matched unrelated donor trans-
plants were HR, 1.10, P5 .58 and HR, 1.18, P5 .33.

Transplant center effect

Haploidentical transplantationswere performed at 19 transplant centers
compared with the over 80 centers that performed HLA-matched

Table 2. Patient, disease, and transplant characteristics: reduced
intensity regimens

Donor type

Variable Haploidentical Unrelated P

Number 88 737

Age, y ,.001

21-50 19 (22%) 41 (5%)

51-0 69 (78%) 696 (95%)

Sex, male 51 (58%) 415 (56%) .77

Performance score .03

90-100 57 (65%) 426 (58%)

#80 23 (26%) 300 (41%)

Not reported 8 (9%) 11 (1%)

Recipient CMV serostatus .91

Positive 60 (68%) 504 (68%)

Negative 28 (32%) 229 (31%)

Not reported — 4 (, 1%)

Disease status at transplantation ,.001

First complete remission 43 (46%) 447 (61%)

Second complete remission 31 (35%) 128 (17%)

Relapse 14 (16%) 162 (22%)

Disease risk index .11

Low risk index 4 (5%) 13 (2%)

Intermediate risk index 68 (77%) 542 (74%)

High risk index 16 (18%) 182 (25%)

Secondary AML 20 (23%) 182 (25%) .68

De novo AML 68 (77%) 555 (75%) —

Cytogenetics* .16

Favorable 4 (5%) 23 (2%)

Intermediate 73 (83%) 586 (80%)

Adverse 10 (11%) 99 (13%)

Not reported 1 (1%) 29 (4%)

Conditioning regimen N/A†

TBI 1 cyclophosphamide 1 fludarabine 88 (100%) 158 (21%)

Busulfan/melphalan1 fludarabine1 ATG __ 291 (39%)

Busulfan/melphalan 1 fludarabine __ 288 (39%)

GVHD prophylaxis N/A†

Tacrolimus/CSA 1 MMF 85 (97%) 315 (43%)

Tacrolimus/CSA 1 MTX — 362 (49%)

Tacrolimus/CSA 1 sirolimus 3 (3%) 60 (8%)

Posttransplant cyclophosphamide 88 (100%) —

Interval between diagnosis and

transplant

.01

#12 mo 57 (65%) 569 (77%)

.12 mo 31 (35%) 168 (23%)

Graft type ,.001

BM 77 (88%) 80 (11%)

Peripheral blood 11 (13%) 657 (89%)

Transplant period .83

2008-2010 48 (55%) 404 (55%)

2011-2012 40 (45%) 333 (45%)

Follow up, median (range), mo 39 (12-73) 37 (7-75)

*Favorable 5 t(8;21); inv(16) and t(15;17); adverse 5 complex karyotypes $4

abnormalities; intermediate 5 all others.

†N/A 5 not applicable; P-values are not shown as conditioning regimens, and

GVHD prophylaxis are “packages” and therefore differ by donor source.

Table 3. Probabilities of acute and chronic GVHD, nonrelapse
mortality, relapse, and OS by donor type

Donor type

Outcome Haploidentical Unrelated P

Myeloablative transplants

Grade 2-4 acute GVHD at day 90 16% (10-24) 33% (30-35) ,.0001

Grade 3-4 acute GVHD at day 90 7% (3-13) 13% (11-15) .02

Chronic GVHD

At 12 mo 28% (20-37) 45% (42-47) .0005

At 36 mo 30% (21-39) 53% (50-56) ,.0001

Nonrelapse mortality

At 12 mo 12% (7-19) 14% (12-16) .56

At 36 mo 14% (8-22) 20% (18-22) .14

Relapse

At 12 mo 41% (33-50) 32% (30-35) .04

At 36 mo 44% (34-53) 39% (37-42) .37

OS

At 12 mo 65% (56-73) 65% (63-68) .98

At 36 mo 45% (36-54) 50% (47-53) .38

Reduced intensity transplants

Grade 2-4 acute GVHD at day 90 19% (12-28) 28% (25-31) .05

Grade 3-4 acute GVHD at day 90 2% (0-7) 11% (8-13) ,.0001

Chronic GVHD

At 12 mo 27% (19-37) 43% (40-47) .001

At 36 mo 34% (24-44) 52% (48-55) .002

Nonrelapse mortality

At 12 mo 6% (2-12) 16% (13-18) .0001

At 36 mo 9% (4-16) 23% (19-26) .0001

Relapse

At 12 mo 43% (32-53) 34% (31-38) .12

At 36 mo 58% (46-68) 42% (38-45) .006

OS

At 12 mo 64% (53-73) 60% (56-63) .46

At 36 mo 46% (35-56) 44% (40-47) .71
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unrelated donor transplantations. Therefore, to ensure that the survival
rates reported in the current analysiswere not driven by center expertise
for one donor type or the other, we performed a subset analysis limited
to centers that performed both haploidentical and unrelated donor
transplantations (n 5 890). Consistent with the main analysis, we did
not observe differences in mortality risks in either the myeloablative
(HR, 0.88; 95% CI, 0.65-1.21; P 5 .44) or reduced intensity condi-
tioning (HR, 1.02; 95%CI, 0.71-1.46,P5 .92) after haploidentical and
unrelated donor transplants.

Causes of death

Fifty-five of 104 (53%) recipients of myeloablative haploidentical and
608 of 1245 (49%) HLA-matched unrelated donor transplant recipi-
ents have died. The most common cause of death in both groups was
recurrent leukemia; 41 (75%) and 380 (63%) after haploidentical and
HLA-matched unrelated donor transplantation, respectively. Among
recipients of haploidentical transplants, the remaining 14 deaths were
attributed to the following: graft failure (n 5 4, 7%), GVHD (n 5 4,
7%), infection (n5 3, 5%), organ failure (n5 1, 2%), and not reported
(n 5 2, 4%). Among the other 228 deaths in recipients of unrelated
donor transplants, themost commoncausewasGVHD(n5134,22%).
Other causes included graft failure (n 5 25, 4%), infection (n 5 25,
4%), interstitial pneumonitis (n5 6, 1%), organ failure (n5 11, 2%),
and others (n5 27, 4%).

Forty-eight of 88 (55%) recipients of reduced intensity haploident-
ical and 418 of 737 (56%) HLA-matched unrelated donor transplant
recipients have also died. Although the most common cause of
death in both groupswas recurrent leukemia, 40 (83%) and 262 (63%),

respectively, this was more likely after haploidentical compared with
HLA-matched unrelated donor transplantation (P5 .004). The remain-
ing 8 deaths after haploidentical transplantation were attributed to:
GVHD(n54, 8%), infection (n53, 6%), andgraft failure (n51, 3%).
The remaining 156 deaths after HLA-matched unrelated donor
transplantation were attributed to: GVHD (n 5 113, 27%) infection
(n5 8, 2%), graft failure (n5 9, 2%), organ failure (n5 7, 2%), and
other causes (n5 19, 4%).

Subset analysis

Subset analysis included haploidentical transplants with BM and
HLA-matched unrelated donor transplants with peripheral blood
grafts andCNIwithmethotrexate, the predominant graft, andGVHD
prophylaxis for unrelated donor transplants. The characteristics of
this population are shown in supplemental Tables 1 and 2 on the
BloodWeb site. In the myeloablative setting, recipients of haploident-
ical transplants (n5 85) received tacrolimus (n5 51) or cyclosporine
(n 5 30) with mycophenolate, and posttransplant cyclophosphamide
or posttransplant cyclophosphamide alone (n 5 4) for GVHD pro-
phylaxis. Transplant conditioning regimens included TBI-containing
(20%), busulfan and cyclophosphamide (38%), melphalan and thiotepa
(27%), and busulfan and fludarabine (15%). Recipients with unrelated
donor transplants (n 5 834) received tacrolimus (n 5 756) or cyclo-
sporine (n 5 78) with methotrexate for GVHD prophylaxis. Most
patients received busulfan and cyclophosphamide (37%) or busulfan
and fludarabine (39%), and the remaining 23% received TBI and
cyclophosphamide. In the reduced intensity setting, recipients of
haploidentical transplants (n5 74) received BM grafts and tacrolimus
with mycophenolate and posttransplant cyclophosphamide for GVHD
prophylaxis. Transplant conditioning regimen includedTBI (200 cGy),
cyclophosphamide, and fludarabine. Recipients unrelated donor
transplants (n 5 303) received tacrolimus (n 5 289) or cyclosporine
(n514)withmethotrexate forGVHDprophylaxis.Mostpatients (92%)
received busulfan or melphalan and fludarabine, and the remaining
received TBI (200 cGy), cyclophosphamide, and fludarabine.

The results of multivariate analyses are shown Table 5. Consistent
with themain analyses, aftermyeloablative transplantation, there are no
differences in survival, transplant-relatedmortality, or relapse by donor
type andgrade 2-4 acuteGVHD, 3-4 acuteGVHD, and chronicGVHD
risks are higher after HLA-matched unrelated donor transplantation.
After reduced intensity conditioning transplantation, consistentwith the
main analyses, there are no differences in survival, relapse risks are
higher after haploidentical transplantation and grade 3-4 acute GVHD,
and chronic GVHD risks are higher after HLA-matched unrelated
donor transplantation. In contrast to themain analyses, there were no

Table 4. Multivariate analysis: risks of acute and chronic GVHD,
nonrelapse mortality, relapse, and OS by donor type

Transplant conditioning regimen intensity

Outcome
Myeloablative* Reduced intensity†

Hazard ratio (95% CI) Hazard ratio (95% CI)

Grade 2-4 acute GVHD

Matched unrelated donor 1.00 1.00

Haploidentical donor 0.40 (0.26-0.62) 0.68 (0.46-1.00)

P ,.0001 P 5 .05

Grade 3-4 acute GVHD

Matched unrelated donor 1.00 1.00

Haploidentical donor 0.47 (0.23-0.94) 0.20 (0.06-0.64)

P 5 .03 P 5 .006

Chronic GVHD

Matched unrelated donor 1.00 1.00

Haploidentical donor 0.46 (0.32-0.67) 0.51 (0.35-0.75)

P ,.0001 P 5 .0006

Nonrelapse mortality

Matched unrelated donor 1.00 1.00

Haploidentical donor 0.76 (0.45-1.28) 0.41 (0.20-0.83)

P 5 .31 P 5 .01

Relapse

Matched unrelated donor 1.00 1.00

Haploidentical donor 1.12 (0.83-1.52) 1.36 (1.00-1.85)

P 5 .46 P 5 .05

Overall mortality

Matched unrelated donor 1.00 1.00

Haploidentical donor 1.08 (0.82-1.43) 0.94 (0.70-1.27)

P 5 .58 P 5 .70

*Nonrelapse mortality risk adjusted for performance score; relapse risk adjusted

for disease risk index; overall mortality adjusted for patient age and disease risk

index.

†Nonrelapse mortality risk adjusted for disease risk index; relapse risk adjusted

for performance score, disease risk index, and secondary AML; overall mortality

adjusted for disease risk index and secondary AML.

Figure 1. Nonrelapse mortality. (A) The cumulative incidence of nonrelapse mor-

tality by donor type after myeloablative conditioning regimen, adjusted for performance

score. (B) The cumulative incidence of nonrelapse mortality by donor type after re-

duced intensity conditioning regimen, adjusted for disease risk index.
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differences in transplant-related mortality or grade 2-4 acute GVHD
risks after haploidentical and unrelated donor transplantation.

Discussion

Allogeneic stem cell transplantation is a lifesaving procedure for
many patients with hematologic malignancies and, through the use
of HLA-matched and mismatched related/unrelated donors and
umbilical cord blood, this treatment is now theoretically available to
virtually all patients in need of transplantation. Although there are
several reports that have shown comparable survival after HLA-
matched adult unrelated donor andHLA-mismatched umbilical cord
blood transplantation,29-32 there are few reports that compare out-
comes after haploidentical transplantation to that after HLA-matched
unrelated donor transplantation,19-21 the accepted standard when an
HLA-matched sibling is lacking. Therefore, the primary objective
of this analysis was to compare survival and other transplantation
outcomes after haploidentical donor transplantation that used the
posttransplant cyclophosphamide approach, the most widely adopted
practice in the United States. In the absence of a randomized trial,
we used data collected by a large observational registry to compare
outcomes by donor type, adjusting for patient and disease character-
istics associated with transplantation outcomes. The data confirm that
in both the myeloablative and reduced intensity setting, OS after
haploidentical donor transplantationwas comparable to that afterHLA-
matched unrelated donor transplantation for AML. Survival after
transplantation was adjusted for age and disease risk index, factors
associated with survival and independent of donor type. We used
disease risk index, a validated tool that incorporates disease status at
transplantation and cytogenetic risk as a composite end point.28 Our
observations were confirmed by adjusting for disease status and
cytogenetic risk separately (data not shown). Recipients of reduced
intensity haploidentical transplants received a uniform conditioning
regimen (low dose TBI with cyclophosphamide and fludarabine). In
this setting, we observed lower nonrelapse mortality risks compared
with the more intensive regimen of an alkylating agent with
fludarabine for HLA-matched unrelated donor transplants. How-
ever, any advantage derived from lower mortality risks with the very
low intensity regimen for haploidentical transplantation was negated
byhigher relapse risks in thisgroup. In themyeloablative setting, aneffect
of donor type on nonrelapse mortality or relapse risks was not seen.

Acute and chronic GVHDwere substantially lower after haploident-
ical transplantation. Consequently, chronicGVHD-free/leukemia-free
survival was higher after myeloablative haploidentical transplantation.

The lower chronic GVHD-free/leukemia-free survival after HLA-
matched unrelated donor transplantation is in part explained by the
use of peripheral blood grafts. The observed difference in GVHD
rates may be attributed to several factors. First, the predominant graft
used for haploidentical transplantation was BM and for unrelated
donor transplantation, peripheral blood, which is associated with
higher GVHD rates relative to BM in the setting of HLA-matched
sibling and unrelated donor transplantations. Second, GVHD pro-
phylaxis for haploidentical transplantation included posttransplant
cyclophosphamide, a strategy associated with low GVHD rates.
Whether the observed low rate of GVHD in the current analyses was
solely explained by donor source or use of posttransplant cyclophos-
phamide or the combination of both cannot be determined by this
analysis. The BMT CTN has an on-going study (BMT CTN 1301,
NCT02345850) that randomizes recipients of HLA-matched related
and unrelated donor transplantation to 3 specified interventions, one
of which is the transplantation of BM followed by posttransplant
cyclophosphamide and a second is the use of BM with conventional
CNI-based prophylaxis. Upon completion of this trial, we may better
understand the effects of the posttransplant cyclophosphamide ap-
proach forGVHDprophylaxis relative to the standard approach, which
is CNI-based prophylaxis.

Therewere other differences between the treatment groups.Notably,
neutrophil recovery after HLA-matched unrelated donor transplanta-
tion was better than after haploidentical donor transplantation with
myeloablative conditioning regimens. Although we did not observe
differences in disease risk index, differences in graft type and/or
heterogeneity of conditioning regimensmay have contributed to this.
The limited number of patients in the current analysis prevents us
from exploring this further. Donor-specific HLA antibodies are
associated with graft failure after haploidentical and unrelated donor
transplantation.33-35We do not have these data and are unable to test
in the current analyses.

The current analysis has several limitations. First, we used data
reported to an observation registry, which makes it impossible to
study donor choices or the choice of other treatments patients re-
ceived. Although some of the patients may not have had a suitably
HLA-matched adult unrelated donor, others may have been offered
haploidentical transplantation based on institutional preference.
Second, although the analysis was limited to AML and disease
risk index was not different between donor groups, recipients of
haploidentical donor transplantation reported poor performance
scores and a longer time from diagnosis to transplantation for re-
cipients of reduced intensity conditioning regimens. This is in part
explained by a higher proportion of patients transplanted in first

Figure 2. Relapse. (A) The cumulative incidence of relapse by donor type after

myeloablative conditioning regimen, adjusted for disease risk index. (B) The cumu-

lative incidence of relapse by donor type after reduced intensity conditioning reg-

imen, adjusted for performance score, disease risk index, and secondary AML.

Figure 3. Overall survival. (A) The probability of OS by donor type after

myeloablative conditioning regimen, adjusted for age and disease risk index. (B)

The probability of OS by donor type after reduced intensity conditioning regimen,

adjusted for disease risk index and secondary AML.
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complete remission with HLA-matched unrelated donors. Although
every attempt was made to adjust for the differences on transplantation
outcomes, theremay be several unknownor unmeasured factorswe did
not adjust for. Third, the heterogeneity of myeloablative conditioning
regimens and the use ofBM for haploidentical transplants vs peripheral
blood for unrelated donor transplants prevents us from being able to
segregate the impact of donor vs anatomic source of stem cells. Fourth,
haploidentical transplants were performed at 19 transplant centers,
whereas unrelated donor transplants were performed at several more
centers representing clinical practice across small-, mid-, and large-
sized transplant centers. Although we were not able to identify a center
effect, it remains to be seen whether the results observed in the current
analyses will hold true if these transplants are performed more widely.
Fifth, we observed survival differences of about 5% between the donor
groups. Therefore, to conduct a comparative study with 80% power
(a level of 5%) to detect a 5% difference in survival, we would need
;1500 patients in each of the 4 donor groups.

A randomized trial is the gold standard for comparing outcomes
between donor types. In the absence of such a trial, a carefully
controlled analysis that considered pertinent clinical characteristics
such as age, performance score, cytomegalovirus serostatus, leukemia
type (de novo vs secondary AML), disease risk index, and the interval
between diagnosis and transplantation was performed to study out-
comes after transplantation by donor type. Haploidentical donor trans-
plantationwith aGVHDprophylaxis regimenwithCNI,mycophenolate,
and posttransplant cyclophosphamide is an acceptable approach for

AML. Based on the results of a multicenter phase 2 trial,16,36 there
is an ongoing trial that randomizes patients to haploidentical BM
or umbilical cord blood grafts (BMT CTN 1101; NCT01597778).
It is perhaps timely to plan a trial that randomizes patients to
haploidentical or unrelated HLA-matched grafts for hematologic
malignancy.
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Table 5. Multivariate analysis (subset): risks of acute and chronic
GVHD, nonrelapse mortality, relapse, and OS by donor type

Transplant conditioning regimen intensity

Outcome
Myeloablative* Reduced intensity†

Hazard ratio (95% CI) Hazard ratio (95% CI)

Grade 2-4 acute GVHD

Matched unrelated donor 1.00 1.00

Haploidentical donor 0.37 (0.23-0.61) 0.71 (0.44-1.15)

P 5 .0001 P 5 .16

Grade 3-4 acute GVHD

Matched unrelated donor 1.00 1.00

Haploidentical donor 0.33 (0.14-0.81) 0.21 (0.05-0.86)

P 5 .02 P 5 .03

Chronic GVHD

Matched unrelated donor 1.00 1.00

Haploidentical donor 0.44 (0.29-0.66) 0.45 (0.28-0.71)

P 5 .0001 P 5 .0006

Nonrelapse mortality

Matched unrelated donor 1.00 1.00

Haploidentical donor 0.93 (0.54-1.61) 0.59 (0.27-1.29)

P 5 .83 P 5 .19

Relapse

Matched unrelated donor 1.00 1.00

Haploidentical donor 1.28 (0.911.81) 1.53 (1.08-2.22)

P 5 .16 P 5 .02

Overall mortality

Matched unrelated donor 1.00 1.00

Haploidentical donor 1.19 (0.87-1.61) 1.06 (0.76-1.51)

P 5 .28 P 5 .70

BM recipients of haploidentical donor transplants and peripheral blood recipient

of matched unrelated donor transplant who received tacrolimus or cyclosporine with

methotrexate for GVHD prophylaxis are shown above.

*Nonrelapse mortality risk adjusted for performance score; relapse risk adjusted

for disease risk index; overall mortality adjusted for patient age and disease risk

index.

†Nonrelapse mortality risk adjusted for disease risk index; relapse risk adjusted

for performance score, disease risk index and secondary AML; overall mortality

adjusted for disease risk index and secondary AML.
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