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A B S T R A C T
In this prospective randomized study, we compared the outcomes of single-unit umbilical cord blood transplanta-
tion (UCBT) and unmanipulated haploidentical stem cell transplantation (haplo-SCT) with post-transplantation
cyclophosphamide (PTCy) in adults with hematologic malignancies. All patients received a myeloablative condi-
tioning (MAC) regimen consisting of thiotepa, busulfan, and fludarabine, with antithymocyte globulin (ATG)
added for UCBT recipients. Nineteen patients were randomized to UCBT and the other 26 to haplo-HSCT. Four
patients (15%) allocated to the haplo-HSCT arm lacked a suitable donor and were crossed over to the UCBT arm.
Finally, 23 underwent UCBT and 22 underwent haplo-HSCT. The cumulative incidence of neutrophil recovery was
87% at a median of 19 days (range, 13 to 24 days) in the UCBT arm versus 100% at a median of 17 days (range, 13
to 25 days) in the haplo-SCT arm (P = .04). Platelet recovery was 70% at a median of 40 days (range, 18 to 129
days) in the UCBT arm versus 86% at a median of 24 days (range, 12 to 127 days) in the haplo-HCT arm (P = .02).
Rates of acute graft-versus-host disease (GVHD) grade II-IV or grade III-IV, overall chronic GVHD, and extensive
chronic GVHD in the UCBT and Haplo-SCT arms were 43% versus 36% (P = .8), 9% versus 9% (P = 1), 66% versus 43%
(P = .04), and 41% versus 23% (P = .2), respectively. Two-year nonrelapse mortality and relapse in the 2 arms were
52% versus 23% (P = .06) and 17% versus 23% (P = .5), respectively. Two-year disease-free survival, overall survival,
and GVHD/relapse-free survival in the 2 arms were 30% versus 54% (P = .2), 35% versus 59% (P = .1), and 17% versus
40% (P = .04), respectively. Our data show that in the context of an MAC regimen, haplo-SCT with PTCy provides
improved outcomes compared with ATG-containing single-unit UCBT.

© 2019 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc.
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INTRODUCTION
Over the past several decades, remarkable progress has

been made in several areas of allogeneic hematopoietic stem
cell transplantation (HSCT) that have extended the indications
for this procedure to an increasing number of patients. One of
the most important achievements has been the use of alterna-
tive stem cell sources and donors other than HLA-identical
siblings or unrelated donors, in umbilical cord blood trans-
plantation (UCBT) or haploidentical stem cell transplantation
(haplo-SCT). These alternative transplantation strategies allow
for universal donor availability and the ability to gain quick
access to HSCT programs for those patients in need.
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The most recent surveys on transplantation activity
recorded in the European Society for Blood and Marrow Trans-
plantation and Center for International Blood and Marrow
Transplant Research databases confirm a clear trend in donor
choice, with increasing use of haplo-SCT and decreasing use of
UCBT [1,2]. Although several factors may explain this trend,
the number of studies comparing the 2 procedures are very
limited, and the existing studies are mainly retrospective. A
pilot study of the Blood and Marrow Transplant Clinical Trials
Network (BMT CTN) compared the results of 2 parallel multi-
center phase 2 trials for individuals with leukemia or lym-
phoma and no suitable related donor designed to evaluate the
efficacy of UCBT (BMT CTN 0604) and haplo-HSCT (BMT CTN
0603) using reduced-intensity conditioning platforms at
27 transplantation centers in the United States [3]. This study
showed lower transplantation- related mortality (TRM) in
favor of haplo-SCT but a higher relapse rate, which ultimately
resulted in similar efficacy in terms of disease-free survival
(DFS) and a statistically nonsignificant 8% improvement in
overall survival (OS) [3], setting the stage for a currently ongo-
ing multicenter randomized clinical trial to assess the relative
efficacy of these 2 strategies [4]. To complete the few reports
available comparing both procedures, 2 subsequent retrospec-
tive registry-based studies of European Society for Blood and
Marrow Transplantation (EBMT)-Eurocord have recently pro-
vided discordant results [5,6]. Although the first report did not
find statistical differences in the main outcomes after unma-
nipulated haplo-HSCT and UCBT in patients with acute leuke-
mia [5,6], the more recent study found that haplo-HSCT is
associated with better OS compared with UCBT [5,6].

To assess the relative efficacy of haplo-HSCT and UCBT after
myeloablative conditioning (MAC) regimens, we designed a
multicenter prospective randomized study to compare the
clinical outcomes in adults with hematologic malignancies
using homogeneous transplantation platforms.

METHODS
Study Design

We performed an open-label, prospective, multicenter, randomized trial
to compare the efficacy between UCBT and haplo-HSCT after MAC for
patients with hematologic malignancies (ClinicalTrials.gov identifier
NCT02386332). Patients were included from 6 EBMT centers. Randomization
was done in a 1:1 ratio, stratifying by disease type (myeloid malignancies
versus acute lymphoblastic leukemia) and disease stage at transplantation
(early versus advanced stage). Patients were randomized at the time of indi-
cation for “alternative” transplantation. In cases not meeting the minimum
criteria required for donor selection of the assigned group, cross-over was
allowed to the other arm if eligible. Analysis was planned per treatment
received and not on an intention-to-treat basis. The primary endpoint was
DFS at 2 years after transplantation. Secondary endpoints included OS, risk of
relapse, TRM, neutrophil and platelet engraftment, acute and chronic graft-
versus-host disease (GVHD), GVHD and relapse-free survival (GRFS), reacti-
vation of cytomegalovirus (CMV) and Epstein-Barr virus (EBV), immune
reconstitution, and transfusion requirements. Enrollment began on April 1,
2015, with a target sample size of 206 patients to be included in 3 years. At
the end of the study period, accrual was not met, and the study was closed
for recruitment on March 31, 2018, after 45 patients were enrolled.

Eligibility Criteria
Patient characteristics required for study eligibility were age 18 to 55

years; a diagnosis of high-risk acute leukemia in complete remission, myelo-
dysplastic syndrome, or chronic myelogenous leukemia (CML) with an indi-
cation for first allogeneic stem cell transplantation; adequate organ function;
Eastern Cooperative Oncology Group performance status �2; and signed
written informed consent.

Regarding graft characteristics, eligibility criteria for UCBT were (1) pre-
cryopreserved total nucleated cell (TNC) dose >15 £ 108; (2) pre-cryopre-
served CD34+ cells >7 £ 106; (3) donor-recipient HLA match � 4/6 at HLA-A,
HLA-B (at low resolution using DNA- based typing), and HLA-DRB1 (at high
resolution using DNA-based typing); and (4) absence in the receptor of pre-
existing IgG alloantibodies against the HLA antigens of the donor. Eligibility
criteria for haplo-HSCT were (1) a first- or second-degree relative with 1
complete HLA haplotype shared between donor and recipient; (2) fulfillment
of the usual criteria for healthy donor eligibility for mobilization with G-CSF
and collection of peripheral blood or bone marrow harvest; and (3) absence
in the receptor of preexisting IgG alloantibodies against the HLA antigens of
the donor.

Treatment
Conditioning Regimen and GVHD Prophylaxis

All randomized patients received the same MAC regimen consisting of thio-
tepa (10 mg/kg), busulfan (9.6 mg/kg i.v.), and fludarabine (150 mg/m2) [7-9].
The patients assigned to the UCBT arm also received antithymocyte globulin
(ATG; Thymoglobulin 6 mg/kg; Genzyme Transplant, Cambridge, MA) [7].

For GVHD prophylaxis, patients allocated to the UCBT arm received
cyclosporine starting on day -1 and continuing to day +180 (to maintain lev-
els of 200 to 400 ng/mL) and prednisone (0.5 mg/kg/day on days +7 through
+13, followed by 1 mg/kg/day on days +14 through +28 and discontinuation
after the last dose on day +28). Patients allocated to the haplo-HSCT arm
received cyclophosphamide ++(50 mg/kg/day i.v.) on days +3 and +4, cyclo-
sporine to maintain a level of 200 to 400 ng/mL on days +5 to day +180, and
mycophenolate mofetil 10 mg/kg/8 hours on days +5 to +35.

Supportive Care
G-CSF was initiated on day +7 at a dose of 5 mg/kg/day and continued

until the absolute neutrophil count was >1 £ 109/L for 3 consecutive days.
Procedures for chemotherapy-induced emesis, management of infections in
neutropenic patients, and transfusion support in patients undergoing alloge-
neic HSCT were performed according to standard institutional guidelines.
During neutropenia, patients were isolated in HEPA-filtered rooms. Mold-
covering broad-spectrum antifungal prophylaxis was recommended until
day +100 and in all patients receiving >15 mg/ day of prednisone for GVHD
treatment.

For CMV management, from the beginning, each institution chose
between preemptive antiviral therapy guided by PCR or universal prophy-
laxis strategies. The preemptive approach involved PCR monitoring
twice weekly until day +100 and weekly until day +180 and initiation of oral
valganciclovir for patients with confirmed detection of >400 copies/mL. Pro-
phylaxis consisted of high-dose acyclovir 500 mg/m2/8 hours i.v. until neu-
trophil recovery, followed by valganciclovir as described previously [10].
Once the strategy was chosen, it was maintained in both arms of the study.
Treatment of CMV disease, CMV reinfections, and infections resistant to gan-
ciclovir was provided in accordance with institutional standards. Cotrimoxa-
zole was administered to all patients from day -8 through day -2 and then
resumed at the time of engraftment until 1 year after transplantation or 3
months after cessation of immunosuppressive treatment, whichever
occurred later. Quantification of EBV DNA by quantitative real-time PCR was
done weekly from day +7 until day +180. In the event of a detected progres-
sive increase in viral load, the decision to initiate early treatment with rituxi-
mab was made individually and according to the standard institutional
guidelines of each participating center.

Definitions
Myeloid recovery was defined as the first day of an absolute neutrophil

count of �.5 £ 109/L lasting for �3 consecutive days. Platelet recovery was
defined as the first day of a platelet count of �20 £ 109/L without transfusion
support for 7 consecutive days. Patients who survived for >28 days after
transplantation and who failed to achieve myeloid recovery were considered
to have primary graft failure. Acute GVHD (aGVHD) and chronic GVHD
(cGVHD) were defined and graded according to standard criteria [11-14].
Disease stage at the time of transplantation was classified as early stage, for
patients in first complete remission [CR1] for acute leukemia or myelodys-
plastic syndromes or first chronic phase for CML, or advanced stage, for
patients in second or further CR for acute leukemia or myelodysplastic syn-
dromes or second or further chronic phase for CML. The Disease Risk Index
(DRI) was used to stratify patients according to disease type and stage [15],
and the validated Hematopoietic Cell Transplantation-Specific Comorbidity
Index (HCT-CI) was used to stratify patients according to pretransplantation
comorbidities [16] Nonrelapse mortality (NRM) was defined as death from
any cause without evidence of relapse. DFS was defined as survival from the
time of transplantation without evidence of disease relapse. Sinusoidal
obstruction syndrome [17], CMV infection and disease [18], EBV-associated
post-transplantation lymphoproliferative disorder (PTLD) [19], invasive fun-
gal infection [20], and hemorrhagic cystitis were diagnosed according to
consensus criteria.

Statistical Analysis
Our hypothesis was that NRM would be significantly lower but relapse

significantly higher after haplo-HSCT versus UCBT, resulting in similar DFS in
the 2 arms. The primary analysis was the comparison of DFS in each treat-
ment arm. The target sample size was 103 patients per arm to detect a �20%
difference in the probability of DFS at 2 years in either of the 2 arms
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considering a type I error of 5% and a statistical power of 80%. Patient and
transplantation characteristics were compared using the chi-square test for
categorical variables and the Wilcoxon test for continuous variables. The
probabilities of myeloid and platelet engraftment, aGVHD and cGVHD, TRM,
relapse, sinusoidal obstruction syndrome, EBV-PTLD, CMV infection and dis-
ease, invasive fungal infection, and hemorrhagic cystitis were calculated
using the method of cumulative incidence (competing risk) [21,22]. Cumula-
tive incidence in competing risks data were considered as follows: for mye-
loid and platelet engraftment, early death or second HSCT with no evidence
of engraftment; for aGVHD, death before day +100; for cGVHD, death without
development of cGVHD; for NRM, relapse; for relapse, death with no previous
relapse; for other post-transplantation events, death or relapse with no pre-
vious event. Unadjusted time-to-event analyses were performed using the
Kaplan-Meier method [23] and the log-rank test for comparisons [24]. Sur-
vival data were calculated from the day of stem cell infusion. In the analysis
of DFS, relapse or death in CR, whichever occurred first, was considered an
uncensored event. For the analysis of GRFS, extensive cGVHD, relapse, graft
failure, and death were considered uncensored events. Patient follow-up was
updated on April 1, 2019. All patients were followed for at least 1 year or until
death. Statistical analyses were conducted using R (The CRAN Project) [25].
Figure 1. CONSORT
RESULTS
Patient and Donor Characteristics

As shown in Figure 1, 19 and 26 patients were randomized
to the UCBT and haplo-HSCT arms, respectively. Four of the
patients (15%) allocated to haplo-HSCT did not have a suitable
haploidentical donor available (3 due to absence of a first- or
second-degree relative and 1 due to the presence of high titers
of anti-HLA antibodies with a positive complement-binding
test against the donor HLA antigens) and crossed over to a
UCBT procedure. In contrast, all patients allocated to the UCBT
arm had cord blood units meeting the minimum criteria for
suitability. Finally, 23 patients underwent UCBT and 22
patients underwent haplo-HSCT.

Baseline patient characteristics are summarized in Table 1.
The apparent differences between the 2 groups in some
patient and disease characteristics (diagnosis, disease stage at
flow diagram.



Table 1
Patient Characteristics

Characteristic UCBT Haplo-SCT P Value

Number of patients 23 22

Age, yr .4

Median 45 41

Range 24-54 18-55

Sex, n (%) .2

Male 11 (48) 15 (68)

Female 12 (52) 3 (32)

Weight, kg .9

Median 68 69

Range 45-108 46-97

HCT-CI, n (%) .7

0-2 13 (57) 11 (50)

�3 10 (44) 11 (50)

Diagnosis, n (%) .1

Acute myelogenous leukemia 12 (52) 14 (64)

Acute lymphoblastic leukemia 4 (17) 7 (32)

Myelodysplastic syndrome 1 (4) 0 (0)

CML 6 (26) 1 (5)

Disease stage at transplantation,
n (%)

.4

CR1 12 (52) 10 (46)

Advanced disease 11 (48) 12 (54)

DRI, n (%) .3

Low 1 (4) 4 (18)

Intermediate 10 (44) 10 (46)

High or very high 12 (52) 8 (36)

Follow-up of surviving patients, mo .4

Median 32 32

Range 21-46 13-46

Percentages might not sum to 100 because of rounding.

Table 2
Graft- and Transplantation-Related Characteristics

Characteristic UCBT Haplo-SCT P Value

HLA compatibility, n (%)* <.001

6 of 6 0 (0) 0 (0)

5 of 6 4 (17) 0 (0)

4 of 6 19 (83) 5 (23)

3 of 6 0 (0) 17 (77)

ABO blood group
mismatch, n (%)

.3

Major 5 (22) 2 (9)

Minor 8 (35) 5 (23)

None 10 (44) 15 (68)

Donor/recipient sex
mismatch, n (%)

.3

Female donor to
male recipient

7 (30) 2 (9)

Other combinations 16 (70) 20 (91)

Donor/recipient CMV
serostatus, n (%)

<.001

+/+ 0 (0) 14 (64)

+/- 0 (0) 3 (14)

-/+ 16 (70) 4 (18)

-/- 7 (30) 1 (5)

Number of nucleated
cells £ 108/kg, median (range)

At cryopreservation .4 (.2-.8) —

At infusion .3 (.2-.5) —

Number of CD34+

cells £ 106/kg, median (range)

At cryopreservation .2 (.09-.4) — <.001

At infusion .2 (.1-.3) 6.6 (2.2-12.4)

Number of CD3+

cells £ 108/kg, median (range)
— 2.7 (1.6-16.6)
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transplantation, and DRI) were not statistically significant. The
median duration of follow-up for surviving patients was 32
months (range, 21 to 46 months) for the UCBT arm and 32
months (range, 13 to 46 months) for the haplo-SCT arm.

Table 2 summarizes the graft characteristics. For UCBT, 19
grafts (83%) were matched 4 out of 6 with the recipient. The
median TNC and CD34+ cell doses at cryopreservation were
.4 £ 108/kg (range, .2 to .8 £ 108/kg) and .2 £ 106/kg (range, .09
to .4 £ 106/kg), respectively. For haplo-SCT grafts, all patients
received mobilized peripheral blood with median CD34+ cells
and CD3+ cells of 6.6 £ 106/kg (range, 2.2 to 12.4 £ 106/kg) and
2.7 £ 108/kg (range, 1.6 to 16.6 £ 108/kg), respectively.

Hematopoietic Engraftment
Neutrophil Recovery

In the UCBT cohort, 1 patient died due to multidrug-resis-
tant Pseudomonas aeruginosa bloodstream infection on day
+15 after UCB infusion without evidence of myeloid engraft-
ment. Two additional patients experienced primary graft fail-
ure, of whom 1 died of graft failure-related complications on
day 60 and the other achieved hematopoietic recovery after
salvage autologous backup infusion. That patient was subse-
quently salvaged of relapse with an unrelated donor transplant
and remained alive and disease-free after 36 months. These 2
patients received UCB units with TNC doses of 2.1 £ 108/kg
and 4.6 £ 108/kg and CD34+ cell doses of 1.5 £ 106/kg and
3 £ 106/kg, respectively. The remaining 20 patients achieved
stable neutrophil recovery at a median time of 19 days (range,
13 to 24 days). In the haplo-SCT cohort, all 22 patients
achieved stable neutrophil recovery at a median of 17 days
(range, 13 to 25 days).

The cumulative incidence of sustained neutrophil recovery at
30 days was 87% (95% confidence interval [CI], 73% to 100%) in
the UCBT arm and 100% (95% CI, 93% to 100%) in the haplo-SCT
arm (P = .04) (Figure 2). For the UCBT arm, no variables were
associated with neutrophil engraftment. For the haplo-SCT arm,
the time to neutrophil recovery was correlated with CD34+ cell
dose. The median time to neutrophil recovery was 16 days for
patients receiving >6.6 £ 106/kg CD34+ cells

and 20 days for patients
receiving<6.6£ 106/kg CD34+ cells (P = .01).

Platelet Engraftment
Of the 20 patients with neutrophil engraftment in the UCBT

cohort, 4 patients died between 24 and 152 days after trans-
plantation without platelet recovery. The remaining 16
patients exhibited platelet engraftment at a median time of
40 days (range, 18 to 129 days). Of the 22 patients in the
haplo-SCT cohort, 3 patients died between 54 and 307 days
after transplantation without platelet recovery. The remaining
19 patients had platelet engraftment at a median time of
24 days (range, 12 to 127 days). The cumulative incidence of
sustained platelet engraftment at 150 days was 70% (95% CI,
51% to 88%) in the UCBT cohort and 86% (95% CI, 72% to 100%)
in the haplo-SCT cohort (P = .02).

Transfusion Support
The median number of random donor pooled platelets

transfused until day +100 was 15 (range, 5 to 68) in the UCBT



Figure 2. Cumulative incidence of neutrophil recovery according to the type of transplant.

362 J. Sanz et al. / Biol Blood Marrow Transplant 26 (2020) 358�366
arm and 11 (range, 1 to 130) in the haplo-SCT arm (P = .1). The
median number of packed red blood cell units transfused until
day +100 was 8 (range, 4 to 35) in the UCBT group and 8
(range, 0 to 32) in the haplo-SCT group (P = 1).

GVHD
aGVHD

In the UCBT cohort, 15 patients developed aGVHD, includ-
ing 5 with aGVHD grade I, 8 with grade II, and 2 with grade III.
The median time to the development of aGVHD grade II-IV
was 40 days (range, 14 to 97 days). In the haplo-SCT cohort, 11
patients developed aGVHD, including grade I in 3 patients,
grade II in 6 patients, and grade III in 2 patients. The median
time to the development of aGVHD grade II-IV was 21 days
(range, 11 to 46 days).

The cumulative incidence of aGVHD at 100 days was 43%
(95% CI, 26% to 64%) in the UCBT cohort and 36% (95% CI, 16%
to 56%) in the haplo-SCT cohort (P = .8) for grade II-IV, whereas
for grade III-IV, it was 9% for both arms (p = 1). In the UCBT
arm, no variables were associated with aGVHD. In the haplo-
SCT arm, CD34+ and CD3+ cell doses of the graft correlated
with grade II-IV aGVHD. The cumulative incidence of aGVHD
was 83% (95% CI, 54% to 100%) for patients receiving
>8.9 £ 106/kg CD34+ cells

and 19% (95% CI, 0 to 38%) for those
receiving <8.9 £ 106/kg CD34+ cells (P < .001). The cumulative
incidence of aGVHD was 80% (95% CI, 45% to 100%) for patients
receiving >3.2 £ 108/kg CD3+ cells

and 27% (95% CI, 4% to 49%) for
those receiving <3.2 £ 108/kg CD3+ cells (P = .04).

cGVHD
Ten patients in the UCBT cohort developed cGVHD at a

median time of 143 days (range, 98 to 266 days). cGVHD was
limited in 4 patients and extensive in 10 patients. According to
National Institutes of Health severity score, cGVHD was mild
in 5 patients, moderate in 1 patient, and severe in 4 patients.
In the haplo-SCT cohort, 7 patients developed cGVHD at a
median time of 258 days (range, 164 to 550 days). cGVHD was
limited in 3 patients and extensive in the remaining 4 patients.
According to National Institutes of Health severity score,
cGVHD was mild in 4 patients, moderate in 2 patients, and
severe in 3 patients.
The 2-year cumulative incidence of any cGVHD and extensive
cGVHD in the UCBT and haplo-SCT cohorts was 66% (95% CI, 40%
to 91%) and 43% (95% CI, 18% to 68%) (P = .04) and 41% (95% CI,
15% to 67%) and 23% (95% CI, 3% to 43%) (P = .2), respectively. No
variables were associated with the risk of cGVHD.

NRM and Causes of Death
Twelve patients in the UCBT cohort died without previous

relapse at a median of 158 days after transplantation (range, 15
to 642 days). Causes of death were infection in 4 patients (1
CMV, 1 P aeruginosa bloodstream infection, 1 Nocardia, 1 Myco-
bacterium tuberculosis), EBV-PTLD in 2 patients, and GVHD, veno-
occlusive disease, primary graft failure, interstitial pneumonitis,
cardiac failure, and multiorgan failure of unknown cause in 1
patient each. In the haplo-SCT cohort, 5 patients died without
previous relapse at a median time of 93 days after transplanta-
tion (range, 54 to 397 days). Causes of death were viral infections
in 2 patients (1 adenovirus, 1 syncytial respiratory virus) and
veno-occlusive disease, GVHD, and lung carcinoma in 1 patient
each. Three additional patients in the UCBT arm and 4 additional
patients in the haplo-SCT arm died of relapse-related causes.

The cumulative incidence of NRM at 2 years was 52% (95%
CI, 32% to 73%) in the UCBT arm and 23% (95% CI, 5% to 40%) in
the haplo-SCT arm (P = .06) (Figure 3). No variables were asso-
ciated with the risk of NRM.

Relapse
Overall, 4 patients in the UCBT cohort relapsed at a median

time of 6 months (range, 3 to 10 months) and 6 patients in the
haplo-SCT cohort relapsed at a median time of 7 months
(range, 2 to 27 months). The 2-year cumulative incidence of
relapse was 17% (95% CI, 2% to 33%) in the UCBT arm and 23%
(95% CI, 5% to 41%) in the haplo-HCT arm (P = .5). No variables
were associated with the risk of relapse.

Survival
Seven patients in the UCBT cohort and 11 patients in the

haplo-SCT cohort were alive and leukemia-free at the last fol-
low-up. The 2-year DFS was 30% (95% CI, 16% to 57%) for the
UCBT arm and 54% (95% CI, 37% to 80%) for the haplo-SCT arm
(P = .2) (Figure 4A). The OS was 35% (95% CI, 20% to 61%) for



Figure 3. Cumulative incidence of NRM according to the type of transplant.
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the UCBT arm and 59% (95% CI, 42% to 84%) for the haplo-SCT
arm (P = .1) (Figure 4B). Lower DRI was associated with
improved survival. DFS was 49% (95% CI, 32% to 75%) and 30%
(95% CI, 15% to 59%) (P = .04), whereas OS was 56% (95% CI, 40%
to 82%) and 30% (95% CI, 15% to 59%) (P = .02) for low or inter-
mediate DRI and high or very high DRI, respectively. GRFS at
2 years was 17% (95% CI, 7% to 42%) after UCBT and 40% (95%
CI, 24% to 68%) after haplo-SCT (P = .04) (Figure 4C).

Post-Transplantation Events
The cumulative incidence of post-transplantation events

according to the type of transplantation is shown in Table 3. In
brief, CMV reactivation was similar in the 2 treatment groups.
End-organ CMV disease was diagnosed in 5 patients after
UCBT (2 pneumonia, 2 gastrointestinal, 1 disseminated dis-
ease), and 1 patient had gastrointestinal involvement in the
haplo-SCT cohort. Two patients developed monomorphic EBV-
PTLD with diffuse large B cell histology on days +120 and +160
after UCBT and were unresponsive to standard immunoche-
motherapy. Hemorrhagic cystitis was more frequent after
haplo-SCT.

Post-Transplantation Immune Reconstitution
The lymphocyte recovery of the different subpopulations,

CD3+, CD4+, CD8+, CD19+, and natural killer cells, at 3, 6, 9, 12,
18, and 24 months after UCBT and haplo-SCT is shown in
Table 4. In brief, haplo-SCT showed higher CD4+ cell reconsti-
tution until 6 months after transplantation and higher CD8+

cell reconstitution until 2 years post-transplantation. UCBT
showed a trend toward better CD19+ cell recovery until 2 years
post-transplantation. There was no between-group difference
in natural killer cell reconstitution.

DISCUSSION
This prospective randomized study shows that unmanipu-

lated, in the context of an MAC regimen, haplo-SCT with post-
transplantation cyclophosphamide (PTCy) provides improved
neutrophil and platelet engraftment with a decreased risk of
cGVHD and better GRFS compared with ATG containing sin-
gle-unit UCBT.

The main limitation of this study was the low accrual. The
study closed with 45 patients included, out of an expected tar-
get sample size of 206 patients over 3 years, demonstrating
the difficulty of performing academic randomized trials. In
fact, although a randomized trial is ongoing in the US compar-
ing reduced intensity double-unit UCBT versus PTCy unmanip-
ulated haplo-SCT (BMT CTN 1101), it is unlikely that a similar
study would be carried out in the myeloablative setting. Nev-
ertheless, despite the limited number of patients, which pre-
vented us from having sufficient statistical power to achieve
the primary endpoint, this prospective randomized compari-
son was carried out in a homogeneously treated population
and provides valuable observations that could have a signifi-
cant impact on clinical practice.

To minimize potential bias, we used a uniform MAC regi-
men in the 2 arms, which included thiotepa, busulfan, and flu-
darabine (TBF regimen). This regimen, first reported by our
group in the UCBT setting, had been adopted as the standard
for single-unit UCBT by the Spanish Group of Hematopoietic
Stem Cell Transplant and demonstrated a high rate of engraft-
ment, a good toxicity profile, and favorable long-term out-
comes [8]. Within the Spanish Group of Hematopoietic Stem
Cell Transplant platform, we used minimum cell dose require-
ments based on overall cellularity of the unit and not based on
the recipient's body weight, based on our previous experience,
in which the recipient’s weight was never associated with
engraftment and to facilitate unit selection [7,26]. The TBF reg-
imen also showed superiority over other regimens in a study
from the EBMT [27]. It has subsequently been used with great
success in unmanipulated haplo-SCT with PTCy by the Genova
group, and is currently the most commonly used myeloabla-
tive regimen in Europe in this setting [9,28,29]. The addition of
ATG in UCBT is controversial and may have had an impact on
transplantation results. Recent studies have suggested a dele-
terious effect of high exposure of ATG in UCBT [30,31]. How-
ever, we previously showed similar results after single-unit
UCBT using the TBF and ATG platform compared with double-
unit UCBT after conditioning with a total body irradiation-
based regimen at the University of Minnesota [32]. We also
reported comparable outcomes with the so-called “haplo-
cord” procedure, in which CD34+ cells from a third-party donor
are coinfused with the UCB graft [33].

An interesting finding of our study was that 15% of patients
allocated to the haplo-HSCT arm did not have a suitable donor
available, whereas all patients in the UCBT arm had UCB grafts
fulfilling the minimum required criteria. Although most



Figure 4. Probability of survival according to the type of transplantation. (A) DFS. (B) OS. (C) GRFS.

Table 3
Post-Transplantation Events According to Type of Transplant

Event Cumulative Incidence of
Post-Transplantation Events, % (95% CI)

UCBT Haplo-SCT P Value

Sinusoidal obstruction
syndrome

9 (0-20) 5 (0-13) .6

CMV infection 43 (23-64) 50 (29-71) .5

CMV disease 22 (5-39) 5 (0-13) .1

EBV-PTLD 9 (0-20) 0 (0-0) .2

Invasive fungal infection 17 (2-33) 9 (0-21) .4

Hemorrhagic cystitis 26 (8-44) 55 (34-75) .05
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patients will have a haploidentical family donor, that is not
always the case, especially for immigrants without an available
first- or second-degree relative. Moreover, the presence of
anti-HLA antibodies against the donor HLA antigens is a major
limitation, because frequently these antibodies are directed
against antigens present in various members of the family.
This is particularly prevalent in female patients with offspring
donors and those receiving transfusion support from family
donors. In those scenarios, the use of UCBT may be necessary,
and specialized centers should maintain their expertise. Other
alternatives, such as desensitization for donor-specific anti-
HLA antibodies [34] or the use of mismatched unrelated donor
with PTCy [35], have proven safe and effective and could be an
appropriate option.
Haplo-SCT was associated with improved neutrophil and
platelet recovery, in line with previously published comparisons
[5,6]. This finding was expected, given that one of the main limita-
tions of UCBT is the low cellular content of the graft and the
delayed hematopoietic recovery. However, it did not translate into
higher transfusion requirements, likely due to the increased inci-
dence of hemorrhagic cystitis in the haplo-SCT group. We also
observed faster neutrophil engraftment in haplo-SCT recipients
with higher numbers of CD34+ cells in the peripheral blood grafts.
Although this observation has been widely described in UCBT
[36,37], to our knowledge, this is the first time that it has been
reported in haplo-SCT with PTCy, for which bone marrow is fre-
quently used. However, this beneficial effect was counterbalanced
by an increased risk of aGVHD with higher CD34+ and CD3+ cell
doses in the haplo-SCT grafts. These findings may have important
clinical implications for donor stem cell collection and graft
manipulation, whereas previous studies have reported discordant
results regarding the impact of CD3+ cells on GVHD and other
post-transplantation events [38-41]. Overall, UCBT and haplo-SCT
were associated with a similar risk of aGVHD, as reported previ-
ously [5,6]. However, peripheral blood was used as the stem cell
source in haplo-SCT, and it has been associated with increased risk
of GVHD compared with bone marrow [42,43]. However, haplo-
SCT was associated with a lower risk of cGVHD compared with
UCBT, demonstrating the effectiveness of PTCy in inducing toler-
ance and controlling cGVHD [44,45].

NRMwas unacceptably high after UCBT, higher than the previ-
ously published experience with the TBF-ATG platform [7,32,33].
The reasons for this elevated mortality remain unknown and are



Table 4
Post-Transplantation Immune Reconstitution According to Type of Transplant

Parameter Lymphocytes/mL, median (range)

UCBT Haplo-SCT P Value

3 mo after SCT N = 14 N = 14

CD3+ 43 (1-370) 402 (54-1501) <.001

CD4+ 34 (0-196) 141 (20-487) .003

CD8+ 11 (0-189) 236 (25-1041) <.001

CD19+ 30 (0-481) 3 (0-266) .2

NK 157 (30-445) 214 (68-1013) .3

6 mo after SCT N = 12 N = 16

CD3+ 60 (2-1199) 834 (45-2484) <.001

CD4+ 47 (1-508) 226 (36-712) <.001

CD8+ 11 (0-552) 425 (11-2135) <.001

CD19+ 122 (0-1211) 22 (0-420) .3

NK 287 (10-1600) 207 (50-921) .3

9 mo after SCT N = 6 N = 13

CD3+ 189 (4-1285) 1061 (116-1980) .03

CD4+ 125 (2-534) 254 (45-576) .1

CD8+ 54 (2-599) 758 (19-1420) .005

CD19+ 398 (11-1016) 64 (0-257) .07

NK 398 (123-1339) 235 (18-643) .1

12 mo after SCT N = 10 N = 12

CD3+ 432 (0-1144) 1429 (43-3363) .006

CD4+ 290 (0-603) 315 (39-763) .3

CD8+ 132 (0-457) 940 (4-2916) <.001

CD19+ 542 (54-1796) 178 (0-866) .1

NK 350 (147 (1651) 237 (25-860) .05

18 mo after SCT N = 7 N = 7

CD3+ 755 (1-1139) 1088 (496-2077) .1

CD4+ 474 (1-570) 325 (231-604) .4

CD8+ 198 (0-561) 669 (247-1744) .008

CD19+ 828 (58-1926) 257 (88-508) .05

NK 433 (183-1925) 235 (128-362) .1

24 mo after SCT N = 3 N = 5

CD3+ 1048 (988-1150) 883 (278-2789) .7

CD4+ 680 (659-706) 274 (204-677) .05

CD8+ 333 (264-442) 670 (283-2071) .1

CD19+ 879 (77-1075) 210 (33-353) .03

NK 387 (266-655) 248 (90-297) .08

NK indicates natural killer.
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likely multifactorial. Recipients were a high-risk population with
approximately 50% of the patients in an advanced disease stage
with high or very high DRI and an HCT-CI �3. Again, the main
cause of death was infection, in the context of prolonged impaired
immune T cell reconstitution. Together with 2 EBV-PTLD-related
deaths, the use of ATGmay have contributed to this poor outcome,
and results might be improved by omitting ATG from the condi-
tioning regimen. In fact, the haplo-SCT cohort, using the same con-
ditioning but substituting ATG with PTCy, showed improved T cell
recovery that translated to decreased NRM. Whether PTCy can be
used to prevent GVHD in UCBT is an interesting area for further
exploration.

In conclusion, in this randomized comparison using TBF
myeloablative conditioning, unmanipulated haplo-SCT with
PTCy offered better outcomes than ATG-containing single-unit
UCBT in adults with hematologic malignancies. The high NRM
observed in this latter platform suggests that further compari-
sons between haplo-SCT with PTCy and UCBT platforms with-
out ATG are warranted. Our findings could have a significant
impact on the practice of transplantation medicine.
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