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A B S T R A C T
Whether a graft-versus-graft (GVG) response in patients undergoing allogeneic hematopoietic stem cell trans-
plantation (HSCT) is associated with an enhanced graft-versus-leukemia (GVL) effect remains highly controversial.
Furthermore, it is unknown if the GVG response overwhelms the impact of refractory acute leukemia. We aimed
to compare the characteristics and therapeutic outcomes between patients undergoing a modified haploidentical
cord blood (cord-haplo) HSCT protocol (n = 97) and those undergoing haploidentical HSCT (n = 42) for refractory
acute leukemia. A reliable and stable predominant haploidentical donor chimerism was established. The 2-year
relapse rate was more favorable in patients undergoing cord-haplo HSCT than in those undergoing haploidentical
HSCT (25.9% versus 53.2%; P = .007), as was progression-free survival (PFS; 35.5% versus 17.9%; P = .049). Mean-
while, nonrelapse mortality at 2 years was not significantly different (38.0% versus 24.6%; P = .367). We also found
that a higher number of mutual haploidentical donor-mismatched antigens, a concept similar to HLA mismatch-
ing, was associated with better disease control. Multivariate analysis identified cord-haplo HSCT as an indepen-
dent significant predictor of reduced relapse (hazard ratio [HR], .44; P = .028) and improved PFS (HR, .58;
P = .033), as was chronic graft-versus-host disease (GVHD) (relapse: HR, .42; P = .013; PFS: HR, .63: P = .052). How-
ever, the incidences of neutrophil and platelet engraftment, GVHD, and virus reactivation were comparable in the
2 groups. This study demonstrates that cord-haplo HSCT significantly enhances the GVL effect and improves PFS,
providing a reliable and efficient therapeutic platform for patients with refractory acute leukemia.

© 2018 American Society for Blood and Marrow Transplantation.
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INTRODUCTION
Refractory acute leukemia has a dismal prognosis and rep-

resents a tremendous therapeutic challenge. Conventional
allogeneic hematopoietic stem cell transplantation (HSCT)
yields long-term survival in only 7% to 24% of patients with
refractory acute lymphoblastic leukemia and in only 10% to
40% of those with late-stage acute myelogenous leukemia
(AML) [1-6]. Although several recent studies of allogeneic
HSCT using 2 grafts (ie, double-umbilical cord blood [UCB]
transplantation [dUCBT]) and haploidentical cord blood
(haplo-cord) HSCT have shown an enhanced graft-versus-leu-
kemia (GVL) effect along with a graft-versus-graft (GVG)
response [4,7-17], this finding remains controversial
[9,14,18,19]. The outcomes of previous studies were strongly
influenced by the extent of HLA mismatching and patient
selection [20,21].

Several studies of dUCBT have concluded that the immuno-
logic interaction between the 2 grafts yields an enhanced GVL
effect favoring disease control while inducing the GVG
response [7,8,12,22]. Subsequently, other investigators found
that the “loser” graft-specific CD4+ and CD8+ T cells were both
responsible for the predominance of the chimerism and
reduced rate of relapse [7,8,23]. However, the most recently
published population-based clinical study, which was based
on more substantial evidence, suggested no correlation
between dUCBT and an enhanced GVL effect [18]. Furthermore,
the assumption of fewer relapses in UCBT recipients has been
disputed, given the previously revealed association between
high-degree HLA disparity and reduced relapse [24]. Because
the majority of transplant recipients enrolled in these studies
were in complete remission (CR) while undergoing
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transplantation, the power of GVL might have been underesti-
mated, given the fewer incidences of relapse. In light of these
possibilities, we proposed the hypothesis that robust GVL
would produce a significant prosurvival outcome in recipients
of haplo-cord HSCT who are at high risk of relapse.

We designed a modified haplo-cord HSCT protocol with a
haploidentical HSCT backbone (the Beijing protocol) plus an
infusion of UCB before bone marrow grafting. We referred to
this protocol as the “cord-haploidentical non-in vitro T cell-
depletion allogeneic HSCT” (CHINA HSCT) protocol, or “cord-
haplo HSCT” for short. This cord-haplo HSCT differs from con-
ventional haplo-cord HSCT in the following ways: (1) the
ultimate dominant chimerism is haploidentical donor-derived,
(2) the technique of in vitro T cell depletion for the haploident-
ical donor grafts before HSCT using the anti-CD3 Miltenyi col-
umn is not used, and (3) a fixed and relatively low dose of UCB
from a third-party donor is infused. Given the GVG response,
we hypothesized that cord-haplo HSCT would reduce the inci-
dence of relapse and improve the outcomes of patients with
refractory AL. To that end, we retrospectively compared the
characteristics and outcomes of nonremission status between
patients with acute leukemia who underwent cord-haplo
HSCT and those who underwent haploidentical HSCT.

PATIENTS ANDMETHODS
Eligibility

Patients with refractory AML or refractory acute lymphoblastic leukemia
who underwent their first haploidentical allogeneic HSCT at the Department of
Hematology, China Aerospace Center Hospital between May 2012 and Decem-
ber 2016 were included in this retrospective study. Patients with FAB M3 AML
were excluded. The study was conducted in accordance with the Declaration
of Helsinki and was approved by the China Aerospace Center Hospital’s Institu-
tional Review Board. All participants provided informed consent.

Definitions of Disease and Survival Status
Primary refractory disease was defined as the failure to achieve CR after 2

cycles of induction chemotherapy. Relapsed refractory acute leukemia was
defined as the failure to regain CR after 2 cycles of standard salvage chemo-
therapy following relapse. Cytogenetic abnormalities at diagnosis were evalu-
ated according to the 2008World Health Organization classification [5,19,25].
Neutrophil engraftment was defined as the first of 3 consecutive days with an
absolute neutrophil count >.5£ 109/L, and platelet engraftment was defined
as the first of 7 consecutive days with a platelet count >20£ 109/L indepen-
dent of transfusion. Acute and chronic graft-versus-host disease (GVHD) were
diagnosed and graded according to consensus criteria [26,27]. Nonrelapsemor-
tality (NRM) was defined as death without evidence of leukemia relapse. Pro-
gression-free survival (PFS) was defined as the interval between
transplantation and disease progression or death from any cause, whichever
occurred first. Overall survival (OS) was defined as the interval between trans-
plantation and death from any cause.

HLA Typing and Donor Selection
HLA compatibility in haploidentical donors and recipients was confirmed

by high-resolution typing of HLA-A, -B, -C, -DRB1, and -DQB1. Matched
related donors were defined as siblings with identical HLA typing who had
inherited the same parental haplotype as the recipient. Otherwise, donors
were considered HLA-haploidentical donors. For UCB selection, the minimum
HLA matching requirement was 3/6 using low-resolution HLA typing for
HLA-A and -B and high-resolution typing for HLA-DRB1. The UCB units were
obtained from 3 UCB banks (Beijing, Shandong, and Tianjin), all certified by
the Ministry of Health. All units were clinical grade, normal in volume with
depleted red blood cells, and transferred by cold-chain transportation. The
cell counts and viability of each UCB were assessed immediately after thaw-
ing. Any excess remaining after infusion was discarded.

Mutual Haploidentical Donor Mismatched Antigen
To evaluate the extent of the alloreactive response to allo-HSCT, we

developed a concept we termed the mutual haploidentical donor mis-
matched antigen (MHMA), a major HLA locus mutually harbored by the UCB
and recipient but mismatched with the haploidentical donor in the haplo-
versus-UCB or conventional graft-versus-host direction in the haplo-HSCT
system. All the MHMAs were evaluated by a single physician and checked by
a single nurse. Given that UCB HLA typing in China is based on HLA-A, -B and
-DRB1, the MHMA in this study was dependent on these 3 pairs of loci. For
example, HLA matchings were as follows:
Patient: HLA-A 0201, 3201; HLA-B 4001, 4403; HLA-DRB1 0701, 0901.
Donor: HLA-A 0201, 3001; HLA-B 4001, 1302; HLA-DRB1 0701, 0901.
UCB: HLA-A 02, 32; HLA-B 44, 75; HLA-DRB1 07, 09.
To estimate the number of MHMAs in the HSCT, we first identified the

mutual antigens shared by UCB and recipient (ie, HLA-A 02, 32; HLA-B 44;
and HLA-DRB1 07, 09). We then validated the mismatched mutual antigens
in the direction of haplo-versus-UCB or conventional graft-versus-host. In the
foregoing example, HLA-A 32 and HLA-B 44 were the only antigens fulfilling
the requirement; thus, the number of MHMAs in this HSCT was 2.

HSCT Procedure
Details of the conditioning regimens, GVHD prophylaxis, and their with-

drawal have been published previously (Figure S1) [28]. In brief, all patients
received either a busulfan (Bu) -based or a total body irradiation (TBI)-based
myeloablative conditioning regimen. Bu-based conditioning consisted of Bu
.8 mg/kg every 6 hours i.v. on days -7 to -5, cyclophosphamide 1.8 g/m2 i.v.
on days -4 to -3, and Me-CCNU 250 mg/m2 orally on day -4.
TBI-based conditioning consisted of TBI at a dose of 200 cGy for 6 consecutive
fractions on days -7 to -5, cyclophosphamide 1.8 g/m2 i.v. on days -4 to -3, and
Me-CCNU 250 mg/m2 orally on day -4. Rabbit antithymocyte globulin (ATG)-
Fresenius was infused at a total dose of 5 mg/kg on days -5 through -2. Before
Bu or TBI administration, patients received a FLAG (fludarabine 30 mg/m2 for
5 days, cytarabine 2.0 g/m2 for 5 days, and granulocyte colony-stimulating
factor 150 mg/day for 5 days) or CLAG (cladribine 5 mg/m2 for 5 days, cytara-
bine 2.0 g/m2 for 5 days, and granulocyte colony-stimulating factor 150 mg/day
for 5 days) cytoreduction regimen to enhance the myeloablative effect. One of
these 2 cytoreduction regimens was prescribed at the discretion of the attend-
ing physician. Cytoreduction chemotherapy was not recommended in patients
with a performance score of<75.

GVHD prophylaxis consisted of mycophenolate mofetil, cyclosporine A,
and a short course of methotrexate administered on days +1, +3, and +6 at a
dose of 10 mg/m2. Patients received bone marrow and peripheral blood stem
cells from haploidentical donors on days 0 and 1, respectively. Notably, at
least 4 hours before haploidentical bone marrow infusion on day 0, most
patients received an infusion of UCB from a third-party donor at a unified cell
dose of 1.0£ 107/kg total nucleated cells (TNCs). UCB infusion was omitted or
withheld under the following conditions: unstable vital signs, allergic reac-
tion, history of immune or drug-related pneumonia, and patient refusal.

After neutrophil recovery, bone marrow aspirations were repeated every 4
weeks for the first 6 months after transplantation, along with chimerism evalua-
tion by short tandem repeat analysis, and then every 3 months thereafter until
at least 1 year post-transplantation. Temporary bone marrow examination was
also considered in case of suspicious disease progression. Cytomegalovirus
(CMV) and Epstein-Barr virus (EBV) viremias were assessed by a real-time PCR-
based method twice weekly. Ganciclovir or foscarnet was delivered preemp-
tively in patients who tested positive for CMV DNA viremia, whereas EBV vire-
mia was treated with upfront rituximab, an anti-human CD20 monoclonal
antibody. For patients with viremia refractory to conventional treatment, CMV-
and/or EBV-specific cytotoxic lymphocyte infusions were considered.

Statistical Analysis
Data were collected from the institutional database and verified by the

primary investigators and staff of the HSCT team. The data were checked for
consistency and analyzed using Stata version 14 (StataCorp, College Station,
TX). The last follow-up date was October 31, 2017. Descriptive analyses are
reported as median and range. Continuous and categorical variables were
analyzed using the Mann-Whitney test and chi-square test, respectively.
Kaplan-Meier analyses were used to estimate PFS and OS, and the log-rank
test was used to compare survival outcomes. The cumulative incidences of
GVHD (competing risk of death in the absence of GVHD), relapse, and NRM
were estimated by competing-risks analysis using the Fine-Gray method.

The influence of covariates on PFS and OS was determined using univari-
ate and multivariate analyses via the Cox proportional hazards model. The
Fine-Gray regression model was used as in a previous similar study of relapse
and NRM [29]. For univariate analysis, the variables included recipient age,
recipient/donor sex, diagnosis, cytogenetic risk classification at diagnosis,
pre-HSCT status, interval from diagnosis to HSCT, bone marrow blast burden
at HSCT, haplo-European Group for Blood and Marrow Transplantation
(EBMT) score, type of conditioning regimen, and the presence of acute and
chronic GVHD. Multivariate analyses of CMV and EBV reactivation, UCB infu-
sion, mononucleated cell dose, CD34+ cell dose, and CD3+ cell dose were also
performed. The confidence interval (CI) was reported at 95%, and a 2-sided P
value <.05 was considered statistically significant.

RESULTS
Patient Characteristics

A total of 140 patients with primary refractory or relapsed
refractory acute leukemia who underwent first haploidentical
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allo-HSCT were enrolled in this study. Altogether, 97 patients
receiving an additional UCB infusion were recruited into the
cord-haplo group. The remaining 43 patients received conven-
tional haplo-HSCT; 1 patient who died from infection before
graft infusion was excluded. The characteristics of the enrolled
patients are summarized in Table 1.

In the haplo-HSCT group, all 42 patients were exempted
from UCB infusion owing mainly to ATG-related side effects,
including hypoxia (n = 26; 61.9%), fever (n = 2; 4.8%), hyperten-
sion (n = 2; 4.8%), allergic reaction (n = 3; 7.1%), history of
immune- or drug-related pneumonia (n = 2; 4.8%), or patient
refusal (n = 7; 16.6%). However, all patients recovered from
these conditions, and none of the adverse events was associ-
ated with NRM or disease relapse.

UCB Graft Characteristics and Number of MHMAs
HLA matching and MHMA information was independently

reviewed by both a physician and a nurse. For UCB HLA match-
ing, 9 units were 6/6 matched, 39 units were 5/6 matched, 43
units were 4/6 matched, and 3 units were 3/6 matched. Twelve
episodes of UCB infusion-related adverse infusion events
occurred within the first 24 hours after infusion in the cord-
haplo cohort, including grade 1-2 hypertension (n = 45; 46.4%),
grade 1-2 hypotension (n = 3; 3.1%), grade 1-2 sinus tachycar-
dia (n = 2; 2.1%), grade 1-2 sinus bradycardia (n = 67; 69.1%),
grades 1-2 dyspnea (n = 36; 37.1%), and grade 1-2 nausea and
vomiting (n = 28; 28.9%) based on the Common Terminology
Criteria for Adverse Events, version 4.0. No adverse infusion
events of grade 3 or higher were observed. The MHMAs were
categorized into 4 groups according to their numbers: N = 0
(n = 13; 13.4%), N = 1 (n = 27; 27.8%), N = 2 (n = 34; 35.1%), and
N = 3 (n = 23; 23.7%).

Recovery of Hematopoiesis
The incidences and kinetics of neutrophil recovery were

similar in the 2 groups. The cumulative incidence of neutrophil
recovery on day +28 was 96.9% (95% CI, 90.7% to 99.0%) in the
cord-haplo group and 95.2% (95% CI, 82.3% to 98.8%) in the
haplo group (P = .852). The median time to engraftment was
16 days (interquartile range [IQR], 13 to 19 days) in the cord-
haplo group and 15 days (IQR, 13 to 18 days) in the haplo
group (Figure 1A).

The cumulative incidence of platelet recovery on day +90
was 87.6% (95% CI, 79.2% to 92.8%) in the cord-haplo group ver-
sus 81.0% (95% CI, 65.5% to 90.0%) in the haplo group (P = .100).
The median time to engraftment in the 2 groups was 16 days
(IQR, 12 to 24 days) and 19 days (IQR, 13 to 28 days), respec-
tively (Figure 1B).

Chimerism Analysis
On evaluation day +28, all but 2 patients in the cord-haplo

group (who died from relapse) achieved both CR and full haplo
donor-dominant chimerism that was maintained until relapse.
All haplo group patients achieved full haplo donor chimerism
and CR. Only 7 patients underwent unscheduled bone marrow
evaluation around day +14. One patient showed mixed chime-
rism indicating haplo donor- derived chimerism of 52%, which
then switched to complete haplo donor- derived chimerism on
day +28.

GVHD
The 100-day cumulative incidences of grade II-IV and grade

III-IV acute GVHD were 50.5% (95% CI, 40.2% to 59.9%) and
28.9% (95% CI, 20.2% to 38.1%), respectively, in the cord-haplo
group and 51.2% (95% CI, 35.2% to 65.2%) and 31.7% (95% CI,
18.3% to 46.0%), respectively, in the haplo group (P = .683 and
.662, respectively) (Figure 2A and B). The 1-year cumulative
incidences of overall and extensive chronic GVHD were 33.0%
(95% CI, 23.9% to 42.4%) and 18.6% (95% CI, 11.6% to 26.9%),
respectively, in the cord-haplo group and 35.7% (95% CI, 21.7%
to 49.9%) and 16.7% (95% CI, 7.3% to 29.3%), respectively, in the
haplo group (P = .794 and .976, respectively) (Figure 2C and D).
Viral Reactivation
The 100-day cumulative incidence of CMV viremia was

59.8% (95% CI, 49.4% to 68.8%) in the cord-haplo group versus
47.6% (95% CI, 32.1% to 61.6%) in the haplo group (P = .334)
(Figure 3A). Only 4 patients experienced CMV disease, includ-
ing 2 in the central nervous system.

The 100-day cumulative incidence of EBV viremia was
13.4% (95% CI, 7.5% to 21.0%) in the cord-haplo group and 9.5%
(95% CI, 3.0% to 20.6%) in the haplo group (P = .521)
(Figure 3B). Two patients developed post-transplantation lym-
phoproliferative disease and were treated successfully.
Survival Analysis
The overall HSCT outcomes after a median follow-up period

of 24 months are illustrated in Figure 4. The 2-year cumulative
incidence of relapse was 25.9% (95% CI, 17.3% to 35.3%) in
the cord-haplo group and 53.2% (95% CI, 36.2% to 67.5%) in the
haplo group (P = .007) (Figure 4A). The cumulative incidence of
NRM at 2 years was 38.0% (95% CI, 27.2% to 48.7%) in the cord-
haplo group and 24.6% (95% CI, 12.7% to 38.5%) in the haplo
group (P = .367) (Figure 4B). The estimated 2-year OS was
35.5% (95% CI, 24.7% to 46.5%) in the cord-haplo group versus
22.7% (95% CI, 10.8% to 37.2%) in the haplo group (P = .049)
(Figure 4C). The estimated 2-year PFS was 35.5% (95% CI, 24.9%
to 46.3%) in the cord-haplo group and 17.9% (95% CI,
7.4%�32.1%) in the haplo group (P = .049) (Figure 4D). In gen-
eral, cord-haplo HSCT yielded a remarkable improvement in
PFS and relapse rates over haplo-HSCT in this study.
Mortality
The causes of mortality are summarized in Table 2. Disease

recurrence was the primary cause of death in the haplo group,
accounting for 67.7%, whereas NRM caused 57.1% of all deaths
in the cord-haplo group (P = .043). The incidence of GVHD-
related deaths was similar in the 2 groups (P = .367). Only 3
cases of early death before engraftment were observed, all due
to infectious complications.
Identifying Predictive Factors for Relapse and PFS
We performed univariate andmultivariate analyses to deter-

mine the independent factors that predict relapse and PFS
(Tables S1 to S3). In the cord-haplo group, a haplo-EBMT score
�5 (hazard ratio [HR], .40; 95% CI, .18 to .90; P = .026) and
chronic GVHD (HR, .30; 95% CI, .11 to .85; P = .024) were associ-
ated with a lower relapse rate. However, none of the examined
factors was significantly associated with superior PFS.

On multivariate analysis (Table S3), cord-haplo HSCT (HR,
.44; 95% CI, .21 to .92; P = .028), age >12 years (HR, .36; 95% CI,
.15 to .89; P = .027), and chronic GVHD (HR, .42; 95% CI, .21 to
.84; P = .013) were independent factors associated with a
reduced risk of relapse. Furthermore, cord-haplo HSCT (HR,
.58; 95% CI, .35 to .96; P = .033), and chronic GVHD (HR, .63;
95% CI, .40 to 1.00; P = .052) were predictive of improved PFS;
however, the latter findings were not statistically significant.



Table 1
Patient Characteristics

Characteristics Cord-Haplo Group (n = 97) Haplo Group (n = 42) P Value

Age, yr, median (range) 26 (3-59) 26 (2-56) .185
Sex, male/female, n (%) 64/33 (66.0/34.0) 25/17 (59.5/40.5) .466
Diagnosis, n (%) .747
AML 69 (71.1) 31 (73.8)
Acute lymphoblastic leukemia 28 (28.9) 11 (26.2)

Cytogenetic risk, n (%) .194
Favorable 23 (23.7) 10 (23.8)
Moderate 27 (27.8) 6 (14.3)
Poor 47 (48.5) 26 (61.9)

Bone marrow blasts at HSCT, %, n (%) .117
5-20 25 (25.8) 5 (11.9)
21-50 21 (21.6) 6 (14.3)
51-80 19 (19.6) 13 (31.0)
81-99 32 (33.0) 18 (42.9)

CNS involvement/normal, n (%) 14/83 (14.4/85.6) 4/38 (9.5/90.5) .585
EMD involvement/normal, n (%) 24/73 (24.7/75.3) 7/35 (16.7/83.3) .294
Time between diagnosis and HSCT, n (%) .243
�12 mo 45 (46.4) 15 (35.7)
>12 mo 52 (53.6) 27 (64.3)

Response before HSCT, n (%) .211
Primary refractory 36 (37.1) 11 (26.2)
Relapsed refractory 61 (62.9) 31 (73.8)

Haplo-EBMT score, n (%) .333
2 1 (1.0) 0 (0)
3 4 (4.1) 1 (2.4)
4 22 (22.7) 5 (11.9)
5 32 (33.0) 18 (42.9)
6 25 (25.8) 16 (38.1)
7 12 (12.4) 2 (4.8)
8 1 (1.0) 0 (0)

Conditioning regimen, n (%) .426
TBI-based 65 (67.0) 31 (73.8)
Bu-based 32 (33.0) 11 (26.2)

Cytoreduction chemotherapy, n (%)
Used 67 (69.1) 27 (64.3) .580
Not used 30 (30.9) 15 (35.7)

Donors-recipients, n (%) .937
Paternal 41 (42.3) 18 (42.9)
Maternal 12 (12.4) 4 (9.5)
Child 13 (13.4) 6 (14.3)
Sibling 27 (27.8) 11 (26.2)
Second-degree 4 (4.1) 3 (7.1)

HLA matching, n (%) .519
3/6 76 (78.4) 36 (85.7)
4/6 14 (14.4) 3 (7.1)
5/6 6 (6.2) 2 (4.8)
6/6 1 (1.0) 1 (2.4)

MNCs, 108/kg, median (range) 9.12 (7.44-24.40) 9.20 (8.21-10.86) .050
CD34+ cells, 106/kg. median (range) 3.27 (.80-8.04) 3.49 (.88-8.25) .806
CD3+ cells, 108/kg, median (range) 1.71 (.61-9.91) 2.27 (.64-11.32) .196

CNS indicates central nervous system; EMD, extramedullary disease; MNC, mononucleated cell.

Figure 1. Neutrophil and platelet engraftment. (A) Neutrophils. (B) Platelets.
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Figure 2. Cumulative incidence of GVHD. (A) Grade II-IV acute GVHD. (B) Grade III-IV acute GVHD. (C) Overall chronic GVHD. (D) Extensive chronic GVHD.
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MHMA Influences HSCT Outcomes
The number of MHMAs influenced both relapse and NRM in

patients of the cord-haplo group. The NRM gradually increased
as the number of MHMAs increased, while the relapse rates
decreased (Table 3). Of note, relapse rates were comparable in
the haplo group and the subgroup of cord-haplo patients with
no MHMAs (HR, 1.01; 95% CI .41 to 2.45; P = .985). The sub-
group of patients with 1 MHMA had the most favorable PFS
rate (41.8%).

DISCUSSION
In this study, we treated patients with refractory acute leu-

kemias by cord-haplo HSCT (also known as the CHINA HSCT
protocol), which involves the usual haplo-HSCT procedure plus
Figure 3. Cumulative incidence of CMV (A) and EBV (B) rea
a low-dose UCB infusion. We assessed the characteristics and
therapeutic effects of this treatment and found a significantly
enhanced GVL effect and reduced relapse, along with a GVG
response, in the cord-haplo group, consistent with the findings
of previous dUCBT studies [20,21].

We postulate that the superior disease control with cord-
haplo HSCT is attributable to an enhanced GVL effect, a phe-
nomenon discovered by Wagner et al [21] in a 2009 study of
dUCBT. The authors speculated that the increased alloreactivity
may be induced by the graft-graft interaction between the
2 UCB units, which may be responsible for the apparent
reduced risk of relapse following dUCBT. Consistent with that
study, cord-haplo HSCT in our patients with refractory acute
leukemias manifested a GVG response, resulting in
ctivation within 100 days following transplantation.



Figure 4. Two-year major outcomes of transplantation. (A) Cumulative incidence of relapse. (B) Cumulative incidence of NRM. (C) Probability of OS. (D) Probability of
PFS.
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significantly reduced relapse rates. Notably, previous analyses
seldom focused on HLA matching between the “loser” unit and
the recipient [30]. Overall, the MHMA algorithm should be
helpful in predicting whether higher-degree HLA mismatching
improves outcomes in terms of relapse and NRM rates [18,20].

In our cohort, the number of MHMAs was associated with
relapse rate, and we postulate that haplo donor-derived, UCB-
specific T cells may be responsible for the apparent reduced
risk of relapse following cord-haplo HSCT. Previous studies
have shown that rejected graft-specific CD4+ and CD8+ T cells
derived from the “winner” UCB can recognize leukemic cells in
dUCBT studies [7,8,12,23]. In addition, mismatch of HLA-DPB1
between the “winner” UCB and the recipient likely would
reduce the risk of relapse in different patterns of HSCT
[22,31,32]. The mechanism and effector cell population(s)
remain unclear, however, requiring further laboratory
Table 2
Causes of Death

Cause of Death Cord-Haplo Group
(n = 56/97), n (%)

Haplo Group
(n = 31/42), n (%)

P Value

Relapse 24 (42.9) 21 (67.7) .043
NRM 32 (57.1) 10 (32.3)
DAH 2 (3.6) 1 (3.2) 1.000
GVHD 15 (26.8) 3 (9.7) .367
Infection 14 (25.0) 4 (12.9) .765
TMA 1 (1.8) 1 (3.2) .474
Other/unknown 0 (.0) 1 (3.2) .273

Total 56 (100) 31 (99.9)

DAH indicates diffuse alveolar hemorrhage; TMA, thrombotic
microangiopathy.
research. However, patients in the subgroup with no MHMAs
had a similar risk of disease recurrence as those who under-
went conventional haplo-HSCT. This not only demonstrates an
association between the GVL effect and MHMA number, but
also alludes to a possible role of other mechanisms in inducing
GVL when using our cord-haplo protocol [33-38].

The GVG response did not increase the risk of GVHD in our
patients who underwent cord-haplo HSCT. This finding differs
from that in a previous study that found higher incidences of
both acute and chronic GVHD in patients who underwent
dUCBT compared with those who underwent single UCBT [21].
However, previous studies also have shown a significantly
lower incidence of GVHD with dUCBT than with single UCBT
[39], and also with haplo-cord HSCT than with haplo-HSCT and
post-transplantation cyclophosphamide [16]. Moreover,
another study using a similar protocol treating myelodysplasia
syndrome found a lower incidence of GVHD than seen with
HSCT from identical sibling donors (particularly the acute
form) [40]. Similar to the foregoing conclusions, we
believe that a disturbance in the balance between the protec-
tive role of regulatory T cells in UCB and the detrimental effect
of the GVG response might be responsible for our observations.
Furthermore, given that our cohort of patients had refractory
acute leukemia, it remains to be further investigated whether
advanced disease stage affects the risk of GVHD when using
our protocol or those of other aforementioned platforms.

Although stable UCB donor chimerism predominance has
been successfully achieved with conventional haplo-cord
HSCT, we chose haploidentical donors for ultimate chimerism
predominance, because post-transplantation donor lympho-
cyte infusion when using UCB is problematic. Thus,



Table 3
Comparison of Outcomes in the Cord-Haplo and Haplo Groups

MHMA Relapse NRM PFS

% (95% CI) HR (95% CI) P % (95% CI) HR (95% CI) P % (95% CI) HR (95% CI) P

Haplo 53.2 (36.2-67.5) 1 24.6 (12.7-38.5) 1 17.9 (7.4-32.1) 1
Cord-Haplo

0 46.2 (19.2-69.6) 1.01 (.41-2.45) .985 23.1 (3.2-53.4) .61 (.13-2.73) .515 30.8 (6.5-60.2) .75 (.34-1.62) .461
1 28.3 (12.1-47.1) .46 (.20-1.08) .075 29.9 (12.6-49.6) 1.00 (.38-2.63) .996 41.8 (20.7-61.6) .53 (.29-.98) .041
2 20.7 (9.1-35.6) .38 (.16-.92) .031 43.6 (26.0-59.9) 2.02 (.86-4.73) .104 35.7 (19.5-52.2) .83 (.47-1.41) .467
3 17.9 (5.6-35.8) .29 (.10-.86) .025 45.0 (22.6-65.1) 1.62 (.67-3.92) .288 35.2 (15.8-55.5) .58 (.31-1.09) .090
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guaranteeing the stability and reliability of this predominance
is crucial, especially in those recipients with a high risk of
post-HSCT relapse. Non-in vitro T cell depletion for haploident-
ical grafts and infusion of TNCs at low doses are the key factors
for haplo donor chimerism dominance in cord-haplo HSCT.
Several factors were identified as correlated with the “winner”
graft, including the number and viability of CD34+ cells, HLA
matching, and CD3+ cells [14,17,41]. Based on these data, we
hypothesized that the number of infused TNCs would predict
the “winner” graft. Moreover, as described previously [11], in
conventional haplo-cord HSCT, physicians deliver the haplo
donor-derived grafts with a restricted number of CD3+ cells
with T cell depletion in vitro to promote the UCB engraftment.
We thus reasoned that the restricted number of T cells in haplo
donor grafts was attributable to the reliability of UCB predomi-
nance. However, in view of the limited studies on the correla-
tions between predominance and HLA typing, further
investigations are warranted.

Our study has several limitations. First, as a retrospective
analysis, it may carry an inherent selection bias. Second, the
enrollment of subjects who withheld UCB infusion owing to
adverse events into the control group might have interfered
with the reliability of the results. Although 80% of the adverse
events were ATG-related (ie, hypoxia, fever, hypertension, and
allergic reaction), which are believed to have relatively mild
effects on outcomes, administering ATG earlier than day
0 should be considered, to avoid the resultant adverse reac-
tions and blunting of the GVL effect. Finally, subgroup analysis
stratified by other factors, such as donor lymphocyte infusion
and chronic GVHD rather than MHMA, was not feasible given
the small sample size of each group. Thus, our main conclu-
sions require validation in further independent and more
extensive studies.

In conclusion, our modified cord-haplo HSCT protocol relies
on a GVG response that has shown an enhanced GVL effect and
reduced relapse rates. Our findings may encourage induction
of the GVL effect by considering internal HLA matching
between the 2 grafts. Moreover, MHMAs illustrate a potential
mechanism for enhancing the GVL effect by triggered a GVG
response.
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