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ABSTRACT

To explore the feasibility of upfront unrelated donor (URD) hematopoietic stem cell transplantation (HSCT) in the
treatment of adult aplastic anemia (AA), we conducted a retrospective, single-center study and compared the out-
comes of adult patients who underwent first-line URD HSCT or matched sibling donor (MSD) HSCT between
August 2012 and June 2018. In all, 23 URD HSCT recipients had an increased cumulative incidence of grade Il acute
graft-versus-host disease (aGVHD) (21.7% versus 3.4%; P =.007), but similar rates of secondary graft failure (8.7 &
6.0% versus 6.9 + 3.4%; P=.764), chronic GVHD (cGVHD) (18.2% versus 8.8%; P=.285), extensive cGVHD (9.1% ver-
sus 3.5%; P=.328), 5-year estimated overall survival (87.0% versus 94.2%; P=.501), and 5-year estimated failure-
free survival (82.0% versus 89.3%; P=.404) compared with 58 MSD HSCT recipients treated during the same
period. After using propensity score matching to reduce the influence of potential confounders, the 2 groups were
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plantation well balanced in terms of pretransplantation clinical factors. The median survival time was similar, and no signifi-
cant differences in the aforementioned outcomes were observed between the 2 groups. Our results suggest that
URD HSCT may be an effective and feasible option for first-line therapy in adult AA patients who lack an MSD.
© 2019 American Society for Blood and Marrow Transplantation.
INTRODUCTION (EFS) rate, which includes the risk of relapse and weaker

Aplastic anemia (AA), characterized by peripheral pancyto-
penia, bone marrow (BM) hypocellularity, and hematopoietic
stem cell niche number impairment, is a potentially fatal disor-
der for which immunosuppressive therapy (IST) and allogeneic
hematopoietic stem cell transplantation (allo-HSCT) are the
principal interventions [1-3]. According to the treatment
guidelines, upfront HSCT from an HLA-matched sibling donor
(MSD) is recommended for patients with severe AA (SAA) age
<35 years [4]. If an MSD is not available, horse antithymocyte
globulin (ATG)-based IST is indicated, and allo-HSCT from an
unrelated donor (URD) is considered the standard treatment
after IST failure.

Although a recent study has shown that IST as a first-line
therapy achieves an excellent overall survival (OS) rate, this
treatment is also associated with a high rate of failure and poor
quality of life, as indicated by the far lower event-free survival
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reconstitution of hematopoiesis [5]. Moreover, between 10%
and 15% of patients who undergo IST for AA will go on to
develop clonal evolution [6,7]. Prospective studies have shown
that rabbit ATG is inferior to horse ATG in terms of response
rate [8,9]; however, horse ATG is not available in China.

With the availability of high-resolution HLA molecular typing,
the development of less-toxic conditioning regimens, and
improvements in supportive care, the outcomes of matched unre-
lated donor (MUD) HSCT for SAA have improved significantly
[10—-14]. The largest recent study, reported by the European
Group for Blood and Marrow Transplantation (EBMT), showed
that OS for MUD HSCT is not statistically inferior to that of MSD
HSCT [14]. In view of this finding, upfront URD HSCT has become
an attractive first-line option following the temporary withdrawal
of horse ATG. Dufour et al [12] published a report of 29 children
from a UK cohort, which included 24 patients who underwent
MUD HSCT and 5 patients who underwent mismatched unrelated
donor (MMUD) HSCT, and indicated that the outcome of first-line
URD HSCT in pediatric patients with SAA was similar to that of
MSD HSCT. However, that study investigated the outcome of
upfront URD HSCT in children [12], and no similar studies have
focused on adults.
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Propensity score matching (PSM), which is often applied to
balance observed characteristics, is typically used in situations
with a limited number of treated subjects and a larger number of
comparator subjects [15]. Traditional methods of adjustment (ie,
matching, stratification, and covariance adjustment) are often
limited, because they can use only a limited number of covariates
for adjustment; however, PSM, which provides a scalar summary
of the covariate information, does not have this limitation [15].

As such, we retrospectively compared the long-term outcomes
of adults with SAA who underwent URD HSCT or MSD HSCT as a
first-line treatment, using the raw data and PSM analyses.

METHODS
Patients

Between August 2012 and June 2018, a total of 81 consecutive adults (age
>14 years) with AA underwent MSD or MUD/MMUD HSCT as a first-line
treatment. Twenty-three patients who lacked an MSD but had an MUD/
MMUD and 58 patients with an MSD were enrolled. All patients in this study
met the following inclusion criteria: (1) had acquired AA according to the
International AA Study Group Criteria [16]; (2) voluntarily underwent allo-
HSCT as the first-line treatment; and (3) had not undergone ATG-based IST or
had undergone IST with cyclosporine A (CsA) within 6 months before trans-
plantation. The protocol of this retrospective study was approved by the
Ethics Committee of Guangzhou First People's Hospital. All treatments were
performed after obtaining written informed consent from patients or their
caretakers according to the Declaration of Helsinki.

Transplantation Protocols and Supportive Care

For URD HSCT, patients received either fludarabine (Flu; 30 mg/m?/day
from day -7 to day -4) plus cyclophosphamide (CY; 40 mg/kg/day from day -7
to day -4) plus rabbit ATG (2.5 mg/kg/day from day -5 to day -2) or busulfan
(BU; .8 mg/kg/day from day -7 to day -6) plus CY (40 mg/kg/day from day -5
to day -2) plus rabbit ATG (2.5 mg/kg/day from day -5 to day -2). The condi-
tioning therapy for the MSD HSCT recipients consisted of CY (50 mg/kg/day
from day -5 to day -2) plus rabbit ATG (2.5 mg/kg/day from day -5 to day -2),
Flu (30 mg/m?/day from day -7 to day -4) plus CY (40 mg/kg/day from day -7
to day -4) plus rabbit ATG (2.5 mg/kg/day from day -5 to day -2), or BU
(.8 mg/kg/day from day -7 to day -6) plus CY (40 mg/kg/day from day -5 to
day -2) plus rabbit ATG (2.5 mg/kg/day from day -5 to day -2). The transplan-
tation procedure, including HLA typing, stem cell harvesting, and graft-
versus-host disease (GVHD) prophylaxis, has been described in our previous
reports [17,18]. In patients who underwent URD HSCT, mobilized peripheral
blood stem cells (PBSCs) were the sole stem cell source, whereas patients
who underwent MSD HSCT received both BM and PBSCs. Acute GVHD
(aGVHD) and chronic GVHD (cGVHD) were diagnosed based on clinical symp-
toms and/or skin, oral mucosa, liver, or gut biopsies and were graded accord-
ing to standard clinical criteria [19,20].

All patients were routinely monitored to assess the DNA levels of viruses
including cytomegalovirus (CMV) and Epstein-Barr virus (EBV) in the peripheral
blood using RT-PCR twice weekly for at least 3 months after transplantation.
CMV viremia and EBV viremia were defined as CMV-DNA >500 copies/mL and
EBV-DNA >1000 copies/mL, respectively. Diagnoses of CMV disease and EBV
disease were defined as described previously [21,22]. For antiviral prophylaxis,
acyclovir was administered to all patients. Ganciclovir (Cymevene, 5 mg/kg
every 12 hours; Roche Pharma, Basel, Switzerland) or foscarnet (FOS, 60 mg/kg
every 8 hours; Jiangsu Chia-Tai Tianging Pharma, Lianyungang, China) was initi-
ated in patients with CMV viremia as a preemptive therapy and continued until
2 consecutive negative results were obtained. CMV enteritis was treated by com-
bined i.v. and intravitreal injections of ganciclovir. For patients with EBV disease,
preemptive therapy with rituximab was given at a dose of 375 mg/m? weekly
for a total of 4 doses [21].

Definitions and Assessment of Engraftment

Neutrophil and platelet engraftment was defined as the first day of an
absolute neutrophil count >.5 x 10°/L for 3 consecutive days and a platelet
count >20 x 10°/L for the first day of 7 consecutive days without platelet
transfusion, respectively. Hematopoietic chimerism analysis of BM cells was
performed after allo-HSCT using DNA fingerprinting and short tandem repeat
PCR. The study's primary endpoint was failure-free survival (FFS) after first-
line therapy, defined as survival with response. Death, primary or secondary
graft failure (GF), and relapse were considered treatment failure [23]. The sec-
ondary endpoint of the study was OS, defined as the time from transplanta-
tion to death or the last follow-up. In addition, primary GF was defined as the
absence of myeloid engraftment until day +28 post-transplantation. Initial
engraftment and the absence of graft function, followed by recurrent pancy-
topenia with obviously hypocellular BM and without moderate to severe
aGVHD, was considered secondary GF [24].

Statistical Analysis

The date of the last follow-up for all surviving patients was September 30,
2018. Differences in categorical variables were evaluated using the chi-square
test. Fisher's exact test was used for analysis when at least 1 factor was related
to fewer than 5 individuals. The Mann-Whitney U test and Student t test, as
appropriate, were used to compare differences in continuous variables
between groups. OS and FFS were estimated by the Kaplan-Meier method and
compared between groups using the log-rank test. The cumulative incidence
(CI) of engraftment and GVHD were estimated in competing-risk models, with
early death as the competing event. To adjust for variations in clinical charac-
teristics among recipients in the 2 groups, PSM was applied in this study using
1:1 nearest-neighbor matching. Univariate and multivariate analyses were
performed to determine whether these selected factors were predictive of the
endpoints. All factors with P < .1 in the univariate analysis were evaluated in
the multivariate analysis using the Cox regression model with a backward
stepwise selection approach. Data were analyzed using SPSS version 13.0
(SPSS, Chicago, IL), Prism 5.0 (GraphPad Software, La Jolla, CA), and R version
3.5.1 (http://www.r-project.org). P values <.05 were considered significant.

RESULTS
Results in Patients Who Underwent Upfront URD HSCT
Patient Characteristics

Twenty-three patients with SAA underwent HSCT from a
URD, which included 16 MUDs and 7 MMUDs, as a first-line
treatment. Of the 7 patients who underwent MMUD HSCT,
2 received a transplant with a single mismatch at HLA-A, 2
received a transplant with a single mismatch at HLA-C, and 3
received a transplant with a single mismatch at HLA-DQB1.
Seven patients (30.4%) were treated between 2012 and 2016
and 16 patients (69.6%) were treated between 2017 and 2018.
More patient characteristics are listed in Table 1.

Engraftment

All 23 patients achieved primary engraftment. The median
time to neutrophil and platelet engraftment following trans-
plantation was 11 days (range, 8 to 14 days) and 11 days
(range, 9 to 30 days), respectively. One patient experienced
secondary GF on day +44 after developing CMV pneumonia
and died on day +76. Another patient experienced secondary
GF on day +135 and achieved engraftment after umbilical cord
blood infusion. The CI of secondary GF was 8.7 + 6.0%.

GVHD

Five of the 23 patients (21.7%) developed grade Il aGVHD, and
none developed grade III-IV aGVHD. Four of these 5 patients
underwent MMUD HSCT (2 with HLA-C mismatch and 2 with
HLA-DQB1 mismatch), and 1 patient underwent MUD HSCT.
Twenty-two patients who survived longer than 100 days after
transplantation were evaluated for the incidence of cGVHD. Four
patients (18.2%) developed cGVHD (2 limited and 2 extensive).
Two of the 4 patients underwent MMUD HSCT, and the other 2
patients underwent MUD HSCT. The CI of grade Il aGVHD at
100 days was 21.7 + 8.8%. The 5-year CI of cGVHD and extensive
c¢GVHD was 18.2 + 8.6% and 9.1 + 26.3%, respectively.

Immune Reconstitution and Complications

CMV and EBV viremia were observed in 19 (82.6%) and 5
(21.7%) patients, respectively. Of the 19 patients with detected
CMV viremia, 4 (21.1%) progressed to CMV disease, including 3
who developed CMV enteritis and 1 who developed CMV
pneumonia. The 3 patients with CMV enteritis recovered after
systemic and i.v. antiviral therapy, and 1 patient died on day
+76 due to CMV pneumonia. Three patients developed EBV-
associated post-transplantation lymphoproliferative disorder
(PTLD) and received therapy with 4 doses of rituximab. The
treatment of EBV-PTLD was successful in 2 patients. Except for
1 patient with a maintained PTLD status, no patients died of
EBV disease by the end of the follow-up period.


http://www.r-project.org

Y. Zhang et al. / Biol Blood Marrow Transplant 25 (2019) 1567—1575 1569
Table 1
Comparison of Patient Characteristics in the URD and MSD Groups
Characteristic Before Matching After Matching
URD (N =23) MSD (N =58) P URD (N =23) MSD (N =23) P

Sex, n (%) 275 1.000
Male 10 (43.5) 33(56.9) 10 (43.5) 10 (43.5)

Female 13 (56.5) 25 (43.1) 13 (56.5) 13 (56.5)

Age at transplantation, yr, median (range) 26 (14-49) 33(15-55) .004 26 (14-49) 30(17-43) .071

Age, yr, n (%) .051 .346
<18 4(17.4) 2(3.4) 4(17.4) 1(4.3)
>18 9(82.6) 56 (96.6) 19 (82.6) 22(95.7)

AA, n (%) .661 .852
NSAA 3(13.0) 8(13.8) 3(13.0) 4(17.4)

SAA 7(304) 24(41.4) 7(304) 8(34.8)
VSAA 13 (56.5) 26 (44.8) 13 (56.5) 11(47.8)

ECOG score pretransplantation, median (range) 2(1-3) 2(1-3) 567 2(1-3) 2(1-3) 924

Interval from diagnosis to HSCT, d, median (range) 101 (21-230) 50.5 (23-295) .006 101 (21-230) 93 (23-295) 104

Donor-recipient sex match, n (%) .002 102
Male-male 9(39.1) 2(20.7) 9(39.1) 5(21.7)

Male-female 11 (47.8) 3(22.4) 11 (47.8) 7(30.4)
Female-male 1(4.4) 21(36.2) 1(4.4) 5(21.7)
Female-female 2(8.7) 2(20.7) 2(8.7) 6(26.1)

ABO match, n (%) .073 .543
Matched 7(30.4) 35 (60.3) 7(30.4) 12(52.2)

Minor mismatched 5(21.7) 9(15.5) 5(21.7) 3(13.0)
Major mismatched 8(34.8) 9(15.5) 8(34.8) 5(21.7)
Different 3(13.0) 5(8.6) 3(13.0) 3(13.0)

Period of treatment, n (%) .028 753
8/2012-12/2016 7(30.4) 34(58.6) 7(304) 8(34.8)
1/2017-6/2018 16 (69.6) 24 (414 16 (69.6) 15(65.2)

Stem cell source, n (%) .000 .000
PBSCs 23(100) 0(0) 23(100) 0(0)

BM + PBSCs 0(0) 58 (100) 0(0) 23(100)

Condition regimen, n (%) .003 .556
CY +ATG 0(0) 19(32.8) 0(0) 1(4.3)

FCA 13 (56.5) 21(36.2) 13 (56.5) 10 (43.5)
BU/CY +ATG 10 (43.5) 18(31.0) 10 (43.5) 12(52.2)

MNCs, x 108/kg, median (range) 10.41 (3.7-18.03) 11.02 (3.95-16.82) 222 10.41 (3.7-18.03) 10.87 (9.16-15.4) 448

CD34" count, x 10%/kg, median (range) 5.27 (1.36-19.80) 3.87(1.49-11.0) 399 5.27 (1.36-19.80) 436 (2.48-9.46) 575

Neutrophil engraftment time, d, median (range) 1(8-14) 10 (6-18) .083 11(8-14) 10 (6-15) .072

Platelet engraftment time, d, median (range) 1(9-30) 10.5 (7-36) 110 11(9-30) 11(8-25) 310

Follow-up in alive patients, d, median (range) 423 (103-2151) 798 (101-2224) .043 423(103-2151) 424.5 (103 1950) .878

CMV viremia, n (%) 9(82.6) 41(70.7) 270 19(82.6) 4(60.9) .189

CMV disease, n (%) 4(17.4) 2(3.4) .051 4(17.4) 1(4.3) .346

EBV viremia, n (%) 5(21.7) 20(34.5) .263 5(21.7) 7(30.4) 738

EBV-PTLD, n (%) 3(13.0) 2(3.4) 136 3(13.0) 1(4.3) .608

0S, % (SE) 87.0(9.1) 94.2 (3.3) .501 87.0(9.1) 95.7 (4.3) 612

FFS, % (SE) 82.0(10.2) 89.3 (4.6) 404 82.0(10.2) 86.1(9.8) 672

Cl of aGVHD grade 11, % (SE) 21.7 (8.8) 3.4(24) .007 21.7(8.8) .7 (6.0) 193

Cl of cGVHD, % (SE) 18.2(8.6) 8.8(3.8) .285 18.2(8.6) .1(6.3) 434

(I of extensive cGVHD, % (SE) .1(6.3) 3.5(2.5) 328 9.1(6.3) .5(4.5) 574

Cl of secondary GF, % (SE) .7 (6.0) 6.9(3.4) 764 8.7 (6.0) 3(4.3) 1.000

ClI of neutrophil engraftment, n (%) 23(100) 23(100) 1.000 23(100) 23(100) 1.000

Cl of platelet engraftment, n (%) 23(100) 23(100) 1.000 23(100) 23(100) 1.000

NSAA, indicates nonsevere aplastic anemia; VSAA, very severe aplastic anemia; FCA, fludarabine + cyclophosphamide + antithymocyte globulin; BU, busulfan; MNCs,

mononuclear cells.

Survival Outcomes

The cause of treatment failure included secondary GF and
death. Two patients died after transplantation, including 1
patient from severe CMV pneumonia on day +76 after

experiencing secondary GF and 1 patient from severe varicella
virus infection on day +497. With a median follow-up of 423
days (range, 103 to 2151 days), the 5-year estimated OS and

FFS rates were 87.0+£9.1% and 82.0+10.2%, respectively.
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Comparison of Results in Patients Who Underwent First-Line
URD HSCT and MSD HSCT
Patient Characteristics

Fifty-eight patients who underwent upfront MSD HSCT
were included in this study. Table 1 presents the patient and
transplantation characteristics for the 2 groups. The 2 groups
were similar in terms of male/female ratio, disease severity,
Eastern Cooperative Oncology Group (ECOG) scores before
HSCT and the CD34" cell and mononuclear cell counts. Patients
in the URD group were younger than patients in the MSD
group (median age, 26 years [range, 14 to 49 years] versus
33 years [range, 15 to 55 years], respectively; P = .004). There
were 4 patients age <18 years (17.4%; age 14, 15, 16, and 17
years) in the URD group and 2 patients age <18 years (3.4%;
age 15 and 17 years) in the MSD group. There were more male
donors in the URD group (P = .002). As expected, the time to
transplantation was significantly longer in the URD group than
in the MSD group, with a median interval between diagnosis
and transplantation of 101 days (range, 21 to 230 days) and
50.5 days (range, 23 to 295 days), respectively. In addition,
among 58 patients who underwent MSD HSCT, 34 (58.6%)
were treated between 2012 and 2016 and 24 (41.4%) were
treated between 2017 and 2018. Compared with MSD HSCT,
more patients underwent URD HSCT in the last 2 years
(P=.028) (Table 1). The median duration of survival was longer
in the MSD group (P = .043) (Table 1). The other transplant
characteristics that differed significantly between the 2 groups
were stem cell source and transplantation conditioning; the
use of CY+ATG was more frequent in the MSD group. To reduce
the influence of potential confounders, a case-control analysis
comparing 23 patients in each group was performed after PSM
analysis, which used 3 variables (recipient age at transplant,
interval between diagnosis and transplantation and time peri-
ods of treatment) to calculate propensity scores. All variables
except graft source were balanced between the 2 groups after
PSM (P > .05) (Table 1).

Engraftment and GVHD

No between-group differences were found in the CI of neu-
trophil engraftment (100% versus 100%; P=1.000), platelet
engraftment (100% versus 100%; P = 1.000), or secondary GF
(8.7 £ 6.0% versus 6.9 + 3.4%; P =764). The CI of grade II
aGVHD was significantly higher in the URD group (21.7% ver-
sus 3.4%; P = .007) (Table 1). However, no patient in either
group developed grade III-IV aGVHD. After PSM, the CI of
aGVHD was higher in the URD group compared with the MSD
group, but the difference was not statistically significant
(21.7% versus 8.7%; P = .193) (Table 1). In addition, the Cls of
c¢GVHD and extensive cGVHD were higher in the URD group
both before and after PSM, but the differences were not statis-
tically significant (before PSM: 18.2% versus 8.8% [P = .285] and
9.1% versus 3.5% [P = .328], respectively; PSM: 18.2% versus
9.1% [P = .434] and 9.1% versus 4.5% [P = .574], respectively).
After PSM, there was no significant between-group difference
in the CI of secondary GF (8.7% versus 4.3%; P = 1.000).

Immune Reconstitution and Complications

Figure 1 shows the immune reconstitution outcomes.
Within 1 year after transplantation, the CD3*, CD3*CD4",
CD3*CD8", CD3-CD19*, and CD16*CD56" cell counts and the
IgA, 1gG, and IgM concentrations were comparable in the 2
groups. In the MSD group, 41 patients (70.7%) experienced
CMV viremia, and 2 of these 41 patients (4.9%) developed
CMV disease. There were no between-group differences in
the incidence of CMV viremia (82.6% versus 70.7%; P=.270) or

CMV-related disease (17.4% versus 3.4%; P=.051). In addition,
a higher (albeit not significantly so) rate of CMV disease was
observed in the URD patients with CMV viremia compared
with the MSD recipients with CMV viremia (21.1% versus
4.9%; P = .074). The incidences of EBV viremia and EBV-PTLD
were 21.7% and 13.0%, respectively, in the URD group and
34.5% and 3.4%, respectively, in the MSD group, with no sig-
nificant differences between the 2 groups (Table 1). After
PSM, there were no significant between-group differences in
the incidence of CMV or EBV viremia or the level of immune
reconstitution (Table 1 and Figure 1).

Survival Outcomes

The 5-year OS rate was 87.0 + 9.1% after URD HSCT and
94.2 + 3.3% after MSD HSCT (P = .501) (Table 1 and Figure 2).
The 5-year FFS rate did not differ significantly between the
first-line URD HSCT group and the MSD HSCT group (82.0 +
10.2% versus 89.3 + 4.6%; P = .404) (Table 1 and Figure 2). After
PSM, the 5-year OS and FFS rates were 95.7% and 86.1%,
respectively, in the MSD group. Moreover, no significant
between-group difference was found in the 5-year OS (87.0 =
9.1% versus 95.7 + 4.3%; P =.612) or FFS (82.0 & 10.2% versus
86.1 £+ 9.8%; P = .672) (Table 1 and Figure 2). The univariate
and multivariate analyses demonstrated a significant differ-
ence in OS and FFS among patients with an ECOG score of 3
pretransplantation (Tables 2 and 3).

DISCUSSION

In this retrospective study, we compared the outcomes of
consecutive adults with AA undergoing first-line URD or MSD
HSCT. The survival outcomes in the URD HSCT group were
not inferior to those in the MSD HSCT group. In addition, poor
performance (ie, ECOG score 3) pretransplantation was con-
firmed as a predictive factor in both the URD and MSD groups.
Considering the important role of baseline patient character-
istics in the outcomes, we matched the patients in the groups
according to their baseline characteristics using PSM, which
resulted in the similar characteristics except stem cell source
in the 2 groups.

As reported previously [25,26], the risk of GF is increased in
transplantation with URDs compared with HLA-identical sib-
ling donors. With advances in conditioning regimens, the inci-
dence of GF in URD HSCT for SAA has been reduced to <10%
[12,14,27]. In this study, no patient experienced primary GF,
and there was no difference in median myeloid or platelet
engraftment times between the URD and MSD groups. Further-
more, the secondary GF rate of 8.7% in the URD group was
comparable to that in the MSD group. Several factors may con-
tribute to this encouraging engraftment outcome. First, condi-
tioning regimens consisting of BU or Flu, which have been
shown to have the capacity to reduce graft rejection [28,29],
were adopted in our study. Second, compared with Yagasaki
et al [27], who used GVHD prophylaxis consisting of CsA and
short-term methotrexate, we also used mycophenolate mofe-
til, which has been shown to be effective in promoting engraft-
ment and in GVHD prophylaxis [30-32]. Other possible
reasons for the low incidence may be our treatment of all
recipients with ATG before graft infusion, which depletes the
T cells of patients in vivo [33], and our use of high-resolution
genomic HLA typing.

Because SAA is a nonmalignant disease, avoiding GVHD is a
major challenge in HSCT, particularly in URD transplantation. In
our study, all patients with AA received an ATG-based condi-
tioning regimen, and GVHD prophylaxis consisted of CsA, myco-
phenolate mofetil, and low-dose methotrexate. Compared with
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Figure 1. Immune reconstitution before (A) and after (B) propensity score matching. Within 1 year after transplantation, the CD3*, CD3"CD4", CD3*CD8", CD3-CD19",
and CD16"CD56" cell counts and the IgA, IgG, and IgM concentrations were comparable in the URD and MSD groups.

a patient population treated with URD HSCT with total body
irradiation and CY as the preparative regimen (grade II-IV
aGVHD, 46%; cGVHD, 50%) [34], our URD patients had a 21.7% CI
of aGVHD (no patients developed grade IlI-IV aGVHD) and a,
18.2% CI of cGVHD, and the use of ATG contributed to this low
incidence [35,36]. A small number of pediatric AA patients
underwent first-line URD transplantation, and the rate of GVHD
was low with the alemtuzumab-based regimen (Flu + Cy + alem-
tuzumab) [12]. Given the excellent outcomes of HSCT using
alemtuzumab [12,37], alemtuzumab may be an optimal alterna-
tive to ATG for AA patients who undergo upfront URD HSCT. In
a comprehensive report on more than 1000 transplantations,
the CIs of aGVHD and cGVHD were significantly higher after
MUD HSCT than after MSD HSCT [14]. In our study, the CI of
aGVHD was higher in the URD group compared with the MSD
group before and after PSM; however, the difference was not
statistically significant after PSM. In addition, the CI of cGVHD
was higher (but not significantly so) in the URD group compared
with the MSD group. Single-locus HLA-C [38] or HLA-DQB1 [39]
mismatch was associated with a significantly higher incidence
of aGVHD. It is important to realize that 4 of 5 patients with
aGVHD in the URD group had received a transplant with 1 mis-
matched allele (2 with an HLA-C mismatch and 2 with an HLA-
DQB1 mismatch), which may have contributed to the higher
incidence of aGVHD [38-40]. Moreover, patients who receive
G-CSF-primed BM have a lower incidence of aGVHD and cGVHD
compared with those who receive PBSCs [41,42]. In our institu-
tion, only G-CSF-primed PBSCs were the source of stem cells in

the URD group because the Chinese Marrow Donor Program
and Tzu Chi's Bone Marrow Bank provide only G-CSF-primed
PBSCs. However, patients in the MSD group received a mixture
of G-CSF-primed PBSCs and G-CSF-primed BM as grafts, which
is likely associated with the lower incidence of GVHD in that
group [11,42].

In the present study, the incidence of CMV and EBV infec-
tion was comparable in the 2 groups before and after PSM.
However, the incidence of CMV viremia was as high as 82.6%
in the URD group and 70.7% in the MSD group. Complications
of infections, particularly those of viral infections, are known
to be closely associated with the ATG dose in conditioning
regimens [43-45]. In one study, compared with the
6.0 mg/kg ATG dose, the 7.5 mg/kg ATG dose was associated
with a higher CMV reactivation rate (30.3% versus 64.1%,
respectively; P = .005) [45]. In the present study, in both the
URD and MSD groups, all patients received 10.0 mg/kg ATG,
which may have contributed to the high incidence of CMV
viremia. Moreover, the PCR cutoff for positive CMV viremia
was 500 copies/mL, lower than the cutoff in a previous study
(1000 copies/mL) [46], and this low cutoff may also be an
important contributing factor in the high rate of CMV viremia
in our institution [47].

Similar to a previous study [48], our present study indicates
a higher incidence of CMV disease in the URD group compared
with the MSD group, but the difference was only borderline sta-
tistically significant (P=.051). The lack of statistical significance
may be related to our small sample size. Yagasaki et al [27]
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Figure 2. Survival outcomes of the 2 cohorts after transplantation. (A) OS of the 2 cohorts before PSM. (B) FFS of the 2 cohorts before PSM. (C) OS of the 2 cohorts after

PSM. (D) FFS of the 2 cohorts after PSM.

reported that the rate of EBV reactivation was as high as 55%
after URD HSCT in AA patients. In their study, 24 of 31 patients
underwent URD HSCT after failing ATG-based IST, which may be
related to the higher risk of EBV reactivation [49]. Similar to the
rate of infection-related complications, at 1 year after transplan-
tation, the CD3*, CD3*CD4', CD3'CD8*, CD37CD19*, and
CD16*CD56" cell counts and IgA, IgG, and IgM concentrations
were comparable in the 2 groups.

In a small-sample study of pediatric patients (n=38) diag-
nosed with SAA, Mackarel et al [13] found superior outcomes
with salvage MUD transplantations, and these outcomes were
similar to those of MSD HSCT [13]. Moreover, a large EBMT
study also found that the OS for MUD HSCT is approaching that
of MSD HSCT [14]. The patients in both of those studies under-
went URD HSCT as a second-line therapy, however [13,14]. In
our present retrospective study, we found comparable survival
outcomes, including OS and FFS rates, were comparable in the
first-line URD HSCT and MSD HSCT groups before and after
PSM. These results are consistent with those of a previous study
reporting similar outcomes for upfront URD HSCT and MSD
HSCT in pediatric SAA patients [12]. In addition, univariate and
multivariate analyses identified poor performance (ECOG score
3) as an adverse factor for survival in patients who underwent
HSCT, which has also been reported in several previous studies
[17,50,51]. Patient age is a predictor of survival in URD HSCT
[5,14,52,53]. Younger age is associated with better outcomes in

children and adolescents undergoing URD HSCT after failed IST
[5,53]. In addition, several reports have identified the interval
from diagnosis to transplantation as another very strong predic-
tor [14,52]. According to our data, the interval from diagnosis to
transplantation had borderline significance (P = .051) as a pre-
dictor of FFS in URD transplantation; however, these 2 factors
were not found to be predictive of OS or FFS in a recent study.
Future studies involving a larger number of upfront URD HSCTs
are needed to further examine this issue.

Our work has several limitations, including the small num-
ber of patients, retrospective design, inclusion of adolescents
(4 of 23 patients; 17.4%), and lack of comparison with first-line
IST. Furthermore, when URD HSCT should be performed in
patients for whom an MSD is not available remains to be deter-
mined. Finally, PSM also harbors certain limitations, including
an inability to account for potential unmeasured confounding
factors and inability to mimic the design of a randomized trial
[54]. A prospective randomized controlled trial comparing
adults undergoing upfront URD HSCT with those undergoing
first-line MSD HSCT or IST is needed.

In conclusion, our data indicate that in adults with AA, the
outcomes of first-line URD HSCT were not inferior to those of
MSD HSCT. This retrospective study shows that upfront URD
HSCT is an effective and feasible choice for patients age 14 to
55 years with AA who lack an MSD and supports a potential
change in the AA treatment algorithm published in 2016 [4].
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Table 2
Univariate Analysis of Factors Associated with Survival Outcomes in Upfront HSCT (URD and MSD)
Variable Number Probability of Survival
5-yr 0S, % (SE) P 5-yr FFS, % (SE) p
Total 81 92.4(3.3) 87.4(4.3)
Donor type 501 0.404
URD 23 87.0(9.1) 82.0(10.2)
MSD 58 942 (3.3) 89.3 (4.6)
Sex .795 794
Male 41 90.7 (5.2) 87.4(6.1)
Female 24 947 (3.6) 87.5(5.9)
Age, yr .623 492
<30 40 93.4(4.6) 83.2(7.1)
>30 41 91.3 (4.9) 91.8 (4.6)
Interval from diagnosis to HSCT, d .695 .051
<90 55 942 (3.3) 942 (3.3)
>90 26 88.2(8.0) 72.3(11.0)
ECOG score .001 .026
0-2 69 96.2 (2.7) 90.2 (4.3)
3 12 69.8 (14.9) 72.2(13.8)
MNCs, x 108/kg 636 735
<12 56 93.0 (4.0) 85.9(5.5)
>12 25 91.2(6.0) 91.2 (6.0)
CD34" cells, x 10%/kg 089 055
<5 47 97.1(2.8) 942 (4.1)
>5 34 86.1(6.7) 78.41(8.1)
AA .580 .851
SAA and NSAA 42 93.7 (44) 89.0(5.2)
VSAA 39 91.2(4.9) 86.5 (6.4)
Fludarabine-based regimen 126 382
Yes 34 87.5(5.9) 84.4(6.4)
No 47 97.1(2.9) 88.6 (6.5)
aGVHD .800 798
Grade I-1I 15 88.9(10.5) 93.3(6.4)
None 66 92.9(3.5) 86.8 (4.7)
Donor age, yr .887 377
<30 30 93.3(4.6) 84.6(7.3)
>30 51 91.8 (4.6) 89.3(5.2)
Sex mismatch .502 .820
Yes 46 95.7 (3.0) 89.7(5.1)
No 35 89.0(6.1) 85.4(6.8)
Table 3 Universities (D2175060), and the National Natural Science Founda-

Multivariate Analysis of Factors Associated with Survival Outcomes in the URD
And MSD Groups

Outcome Hazard Ratio (95% Confidence Interval) P
0S
ECOG score 3 11.092 (1.796-68.502) .010
FFS
ECOG score 3 11.019 (1.769-68.630) .010
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