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Abstract

The recent improvements in the outcomes of severe aplastic anemia (SAA) patients who received allogeneic stem cell
transplantation (SCT) from unrelated donors (URD) suggest the possibility of its alternative first-line treatment. To address
this issue, results of adult SAA patients receiving allogeneic SCT were compared between the following three donor-type
groups: 8/8—matched sibling (MSD; n = 153), 8/8 well-matched unrelated (WM-URD; n = 72), and 6—7/8 partially matched
unrelated (PM-URD; n =33). Proportion of patients who experienced immunosuppressive treatment failures was
significantly higher in the URD groups than in the MSD group (P < 0.01). The incidences of graft failure and transplant-
related mortality, and graft-vs.-host disease-free, failure-free survival rates of the MSD, WM-URD, and PM-URD groups
were 14.6, 0, and 0% (P < 0.01); 6.1, 10.3, and 21.7% (P = 0.03); and 76.7, 55.5, and 51.5% (P < 0.01), respectively. The
overall survival (OS) rate of the MSD group (93.9%) was higher than that of the PM-URD (78.3%; P <0.01) group, but not
to that of the WM-URD (86.2%; P = 0.18) group. Our study showed comparable OS between the MSD group and WM-
URD group, which suggest that the URD-SCT can be used as a first-line treatment for adult SAA patients with WM-URD.

Introduction

Severe aplastic anemia (SAA) is a rare disease characterized
by pancytopenia in the peripheral blood (PB) followed by
bone marrow (BM) hypoplasia due to an immune-mediated
destruction of hematopoietic precursors [1]. According to
several guidelines, allogeneic stem cell transplantation
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(SCT) from human leukocyte antigen (HLA)-matched sib-
ling donors (MSD-SCT) and immunosuppressive treatment
(IST) have been considered as a first-line treatment for
younger (<40-50 years old) and older (>40-50 years old)
adult SAA patients, respectively [2, 3]. Allogeneic SCT
from HLA-matched unrelated donors (URD-SCT) has been
considered as a second-line treatment option for patients
who experienced IST failures, according to previous studies
showing relatively poorer outcomes compared with those of
MSD-SCT [4-6]. However, although patients who received
IST as a first-line treatment can achieve long-term overall
survival (OS) of 80-90%, a significant proportion of those
patients suffer from a high treatment failure rate, including
lack of response with transfusion-dependency, disease
relapse, and clonal evolution [7].

Over the last two decades, high-resolution HLA typing
with more optimized transplant-related techniques and bet-
ter supportive care have improved the outcomes of URD-
SCT for pediatric and adult SAA patients [8, 9]. Recent
studies showed that the outcomes of children and adolescent
patients who received URD-SCT as a first-line treatment
were not significantly different to those of patients who
received MSD-SCT [10, 11]. Reflecting these results, an
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updated guideline recommends that URD-SCT may be
considered as a first-line treatment for pediatric patients
without suitable MSD [3, 12]. However, comparative stu-
dies regarding the outcomes of adult SAA patients who
received MSD-SCT and URD-SCT are rare, except the two
recently published retrospective studies [13, 14]. To address
this issue, major long-term outcomes of consecutive adult
SAA patients who received MSD-SCT and URD-SCT at
our institution were comparatively analyzed including pro-
pensity score matching analysis.

Patients and methods
Patients and treatment strategies

We analyzed the outcomes of 257 consecutive adult (218
years old) SAA patients who received MSD-SCT or URD-
SCT between March 2002 and May 2018 at the Seoul St.
Mary’s Hospital, Seoul, Korea. According to conventional
therapeutic schemes [2, 3], younger (<40-50 years old)
patients with appropriate MSD received MSD-SCT as a
first-line treatment. Patients who were not considered as
candidates of MSD-SCT received IST, consisting of horse
or rabbit anti-thymocyte globulin (ATG) plus cyclosporin
(CsA), as a first-line treatment. However, patients who
immediately required treatment, per physicians’ discretion,
received URD-SCT as a first-line treatment [7]. Patients
experiencing IST failures received URD-SCT as a second-
line treatment. In searching for the appropriate MSD (8 of 8
allele-matched) and/or URD (26 of 8 allele-matched) by
screening for HLA-A, HLA-B, HLA-C, and HLA-DRB1
alleles, the high-resolution (DNA sequencing) molecular
typing method was performed. This study was approved by
the institutional review board of the Seoul St. Mary’s
Hospital.

Transplant-related procedures

Patients received a conditioning of fludarabine (Flu, 30 mg/
m? intravenously [IV] for 6 days) and cyclophosphamide
(Cy, 50mg/kg IV for 2 days) plus rabbit ATG (Thy-
moglobulin®, 2.5 mg/kg IV for 4 days) for MSD-SCT or
fractionated total body irradiation (TBI, 400-800 cGy) plus
Cy (50-60 mg/kg IV for 2 days) for URD-SCT. If potential
candidates for MSD-SCT experienced severe infectious
complications with/without significant comorbidities, they
received a conditioning of total nodal irradiation (750 cGy
for 1 day) plus rabbit ATG (1.25 mg IV for 3 days or 2.5 mg
IV for 2 days). Since August 2009, low-dose rabbit ATG
(1.25mg/kg IV for 2 days) has been administered to
patients who received URD-SCT from HLA-mismatched

donor and/or PB stem cells [15]. Thereafter, the protocol
was amended so that all patients, who have received URD-
SCT since December 2016, received rabbit ATG (2.5 mg/kg
IV for 2 days). Although we had requested BM harvest to
all potential donors, the choice regarding the source of stem
cells was determined according to their preferences. Other
detailed transplant-related procedures, including graft-vs.-
host disease (GVHD) prophylaxis and supportive care
strategies, were described in our previous reports [15, 16].

Definitions

The diagnosis of the disease and categorization of the
severity were performed according to the criteria proposed
by Camitta et al. [17]. Patients’ pretransplant comorbidities
were assessed according to the Hematopoietic Cell
Transplantation-Specific Comorbidity index [18]. The
neutrophil and platelet engraftments were defined as an
absolute neutrophil (ANC) count 20.5 x 10°/L for at least
three consecutive days and a platelet count 20 x 10°/L for
at least seven consecutive days without transfusion support.
Primary and secondary graft failure (GF) were characterized
by a failure of neutrophil engraftment at days 28 with either
irreversible ANC <0.5 x 10°/L or platelet count <20 x 10%/
L, with and without previous donor engraftment, respec-
tively. Posttransplant complications were evaluated
according to the previous published criteria [19-24]. We
defined a composite end-point of GVHD-free, failure-free
survival (GFFS) based on the following: being alive without
experiencing primary or secondary GF, grade III-IV acute
GVHD, and chronic GVHD requiring systemic therapy
[16, 25]. In our current study, allogeneic SCT as a first-line
treatment indicates transplantation without previously
receiving IST including ATG plus CsA and CsA
monotherapy.

Statistical analysis

This study aimed to compare the major outcomes, including
GF incidence, transplant-related mortality (TRM) incidence,
GFFS rate, and OS rate, of adult SAA patients who received
allogeneic SCT from the following donor-type groups:
MSD (the MSD group), well-matched URD (8/8 allele-
matched; the WM-URD group), and partially matched URD
(6-7/8 allele-matched; the PM-URD group).

Continuous and categorical variables were described by
median with ranges and count with relative frequency,
respectively. Comparisons between the baseline and
transplant-related factors according to donor-type groups
were suitably performed by using the independent two-
sample z-test, the X2 test and the Fisher’s exact test. All time-
dependent parameters were measured from the first day of
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Table 1 Patients’ baseline and transplant-related characteristics according to donor group.

Characteristics MSD WM-URD PM-URD P
Number of patients 153 (59.3%) 72 (27.9%) 33 (12.79%) NA
Age

<40 yrs/>40 yrs* 84 (54.9%)/69 (45.1%) 54 (75.0%)/18 (25.0%) 29 (87.9%)/4 (12.1%) <0.01
Sex

Male/female® 87 (56.9%)/66 (43.1%) 54 (75.0%)/18 (25.0%) 24 (72.7%)/9 (27.3%) 0.02
Disease severity

SAA/VSAA 103 (67.3%)/50 (32.7%) 50 (69.4%)/22 (30.6%) 26 (78.8%)/7 (21.2%) 0.43
Presence of PNH clone

Yes/No 18 (11.8%)/135 (88.2%) 4 (5.6%)/68 (94.4%) 4 (12.1%)/29 (87.9%) 0.32
Serum ferritin level®

<1000 ng/mL/>1000 ng/mL 70 (47.9%)/76 (52.1%) 27 (40.3%)/40 (59.7%) 12 (37.5%)/20 (62.5%) 0.40
Preceding IST history

Yes/No*® 46 (30.1%)/107 (69.9%) 57 (79.2%)/15 (20.8%) 30 (90.9%)/3 (9.1%) <0.01
Heavily transfusion history (>100 units)

Yes/No® 118 (77.1%)/35 (22.9%) 66 (91.7%)/6 (8.3%) 31 (93.9%)/2 (6.1%) 0.01
Interval from diagnosis to transplant

<12 month/>12 month™° 60 (39.2%)/93 (60.8%) 10 (13.9%)/62 (86.1%) 5 (15.2%)/28 (84.8%) <0.01
HCT-CI

<3/23 93 (60.8%)/60 (39.2%) 44 (61.1%)/28 (38.9%) 18 (54.5%)/15 (45.5%) 0.79
HLA mismatch

1 allele/2 allele NA NA 25 (75.8%)/8 (24.2%) NA
ABO blood type mismatch

Yes/No 59 (38.6%)/94 (61.4%) 42 (58.3%)/30 (41.7%) 26 (78.8%)/7 (21.2%) <0.01
Donor-recipient sex mismatch

Female to male/others 28 (18.3%)/125 (81.7%) 11 (15.3%)/61 (84.7%) 3 (9.1%)/30 (90.9%) 0.41
Stem cell source

BM/PBSC?* 101 (66.0%)/52 (34.0%) 34 (47.2%)/38 (52.8%) 16 (48.5%)/17 (51.5%) 0.01

MSD matched sibling donor, WM-URD well-matched unrelated donor, PM-URD partially matched unrelated donor, NA not available, SAA severe
aplastic anemia, VSAA very severe aplastic anemia, PNH paroxysmal nocturnal hemoglobinuria, /ST immunosuppressive treatment, HCT-CI
hematopoietic cell transplantation-specific comorbidity index, HLA human leukocyte antigen, BM bone marrow, PBSC peripheral blood stem cells.

“Indicates P <0.05 between the MSD and the WM-URD groups.
“Indicates P <0.05 between the MSD and the PM-URD groups.

“Pretransplant serum ferritin level were available in 245 (95.0%) patients.

stem cell infusion. GFFS and OS rates were calculated
using Kaplan—Meier estimates and compared using the log-
rank test. The neutrophil and platelet engraftment, primary
and secondary GF, acute GVHD and chronic GVHD, and
TRM were described as the cumulative incidence estimate
and compared using the Gray’s test. The prognostic sig-
nificance of covariates was determined suitably using the
Cox proportional hazards model for GFFS and OS and the
proportional hazards model for the sub-distribution of a
competing risk for acute and chronic GVHD, primary and
secondary GF, and TRM.

Furthermore, we compared the major outcomes
between the MSD and the URD (WM-URD and PM-
URD) groups for the propensity score matching sub-
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cohort of patients receiving allogeneic SCT as a first-line
treatment. It was established by propensity score calcu-
lated by using a logistic regression model [26], fitted for a
donor-type group according to the following variables:
age, interval from diagnosis to transplant, and stem cell
source, which significantly affected transplant-related
outcomes in a previous study [27]. Subsequently, one-
to-three matched groups were created by nearest neighbor
matching without replacement. Factors were considered
significant if they had an associated P <0.05 as deter-
mined by the likelihood ratio test, using two-tailed sig-
nificance testing. Data were analyzed in December 2018
using R version 3.2.2 (R Foundation for Statistical
Computing, Vienna, Austria).
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jl'al:rle 2 The cumulatlv.e Engraftment and GVHD Cumulative incidence (95% CI) P
incidences of neutrophil
engraftment, platelet MSD WM-URD PM-URD
engraftment, acute GVHD, and
chronic GVHD according to Neutrophil engraftment at day 28 99.3% (95.4-99.9) 100% 97.0% (59.8-99.8) 0.79
donor groups. Median (range) 12 (5-21) 11 (8-26) 11 (10-21)
Platelet engraftment at day 28 88.0% (81.5-92.3) 81.9% (70.7-89.2) 75.8% (56.4-87.4) 0.48
Median days (range) 16 (7-99) 17 (7-433) 18 (7-49)
Acute GVHD at day 100
Grade II-IV®P¢ 8.5% (4.8-13.6)  36.1% (25.1-47.2) 57.6% (38.6-72.6) <0.01
Grade III-IV®® 7% (0.1-3.3) 9.8% (4.3-18.1) 18.2% (7.2-33.1)  <0.01
Chronic GVHD at 6 years
Mild-to-severe™” 8.6% (4.8-13.8)  43.4% (31.6-54.6) 36.6% (18.0-77.5) <0.01
Moderate-to-severe™” 2.6% (0.9-6.2) 30.6% (20.3-41.4) 27.3% (13.4-43.2) <0.01
Severe™? 0.7% (0.1-3.6) 12.5% (6.1-21.3) 12.1% (3.7-25.8)  <0.01

GVHD graft-versus-host disease, MSD matched sibling donor, WM-URD well-matched unrelated donor, PM-
URD partially matched unrelated donor, CI confidence interval.

“Indicates P <0.01 between the MSD and the WM-URD groups.
®Indicates P < 0.01 between the MSD and the PM-URD groups.
“Indicates P<0.01 between the WM-URD and the PM-URD groups.

Results
Baseline and transplant-related characteristics

The median age of our patients was 34 (range, 15-64) years
at transplantation, with 167 (64.7%) aged <40 years. At the
transplantation, 133 (51.6%) patients experienced failures
for one or more courses of IST, with the proportions sig-
nificantly higher in the WM-URD (P <0.01) and the PM-
URD (P<0.01) groups compared with that of the MSD
group, which contributed to relatively higher proportions of
patients who had longer (>12 months) interval from diag-
nosis to transplantation (P<0.01 and P =0.02, respec-
tively) and heavily (>100 units) transfusion history (P =
0.01 and P = 0.05, respectively) of the WM-URD and the
PM-URD groups compared with that of the MSD group. In
addition, the MSD group had relatively higher proportions
of patients who were older (>40 years) (P <0.01 in both),
using BM stem cells (P =0.01 and P = 0.09, respectively),
compared with those of the WM-URD and PM-URD
groups. More detailed baseline and transplant-related char-
acteristics according to donor-type groups are described in
Table 1. Infused CD34+ and CD3+ cell doses of patients
who received BM and PB stem cells were 3.01 x 10%kg
(range, 0.25-14.37) and 4.92 x 106/kg (range, 1.81-17.03),
and 38.79 x 10%kg (range, 1.70-463.68) and 329.64 x 10%
kg (range, 1.34—1234.70), respectively.

Engraftment

Except two (0.8%) patients who died of infectious com-
plication at day 7 (in the PM-URD group) and

cerebrovascular event at day 10 (in the MSD group), all
patients achieved neutrophil engraftment at a median 12
(range, 5-26) days. Excluding three (1.2%) patients who
did not experience platelet count nadir (in the MSD group),
230 (95.0%) patients achieved platelet engraftment at a
median 17 (range, 7-433) days. More detailed incidences
of neutrophil and platelet engraftments are described in
Table 2.

GVHD and other posttransplant complications

At a median 29 (range, 9-162) days, 68 (26.4%) patients
experienced grades II-IV acute GVHD, including grade II
in 53 (20.5%), grade III in 10 (3.9%), and grade IV in five
(1.9%) patients. Grades II-IV acute GVHD incidences of
the MSD, the WM-URD, and the PM-URD groups were
8.5% (95% CI, 4.8-13.6), 36.1% (95% CI, 25.1-47.2), and
57.6% (95% CI, 38.6-72.6) at day 100, respectively (P <
0.01). At a median 7.3 (range, 0.9-131.9) months, 57
(22.1%) patients developed mild-to-severe chronic GVHD,
including mild in 23 (8.9%), moderate in 21 (8.1%), severe
in 15 (5.8%) patients. Mild-to-severe chronic GVHD inci-
dences of the MSD, the WM-URD, and the PM-URD
groups were 8.6% (95% CI, 4.8-13.8), 43.4% (95% CI,
31.6-54.6), and 36.6% (95% CI, 20.3-53.0) at 6 years,
respectively (P <0.01). More detailed incidences of acute
and chronic GVHD according to donor-type groups are
presented in Table 2.

At a median 2.1 (range, 0.2—114.4) months, 86 (33.3%)
patients experienced grade 23 infectious complications.
Grade >3 infectious complications incidences of the MSD,
the WM-URD, and the PM-URD groups were 26.1% (95%
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Table 3 The cumulative
incidences of posttransplant
complications according to

Complications

MSD WM-URD
Cumulative incidence at 6 yrs (95% CI)

PM-URD P

donor-type groups. Infectious complication (grade >3)*

CMV reactivation requiring preemptive

therapy

CMV disease

Herpes zoster

Hemorrhagic cystitis (grade >2)

Sinusoidal obstruction syndrome

26.1% (19.3-33.5)
43.8% (35.8-51.5)

35.2% (24.2-46.4)
36.1% (25.1-47.2)

57.6% (38.6-72.6)  <0.01
51.5% (33.1-67.2)  0.21

4.6% (2.0-8.7)
30.8% (23.4-38.4)
7.3% (3.8-12.1)
0.7% (0.1-3.3)

8.3% (3.4-16.2) 6.2% (1.1-18.2) 0.53
28.4% (18.3-39.4)  45.5% (27.7-61.6)  0.12
6.9% (2.5-14.4) 152% (5.4-29.5) 031

4.2% (1.1-10.7) 0% 0.11

CI confidence interval, MSD matched sibling donor, WM-URD well-matched unrelated donor, PM-URD
partially matched unrelated donor, CMV cytomegalovirus.

‘Indicates P = 0.04 between the MSD and the WM-URD groups and P <0.01 between the MSD and the

PM-URD groups.
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CI, 19.3-33.5), 35.2% (95% CI, 24.2-46.4), and 57.6%
(95% CI, 38.6-72.6) at 6 years, respectively (P<0.01).
More detailed posttransplant complications incidences
according to donor-type groups are described in Table 3.

Graft failure and transplant-related mortality
Although primary GF was not observed in any patient, 23
(8.9%) patients (only in the MSD group) experienced sec-

ondary GF at a median 14.1 (range, 0.9-97.2) months.
Secondary GF incidences of the MSD, the WM-URD, and

SPRINGER NATURE

Years after transplantation

the PM-URD groups were 14.6% (95% CI, 9.3-20.9), 0,
and 0% at 6 years, respectively (P <0.01). The secondary
GF incidence of the MSD group was significantly higher
compared with that of the WM-URD (P<0.01) and the
PM-URD (P <0.01) groups (Fig. 1a).

At a median 2.1 (range, 0.2-9) months, 23 (8.9%)
patients died without experiencing GF due to the following
causes: acute GVHD in 8 (3.1%), infectious complications
in 8 (3.1%), secondary malignancies in 4 (1.6%), chronic
GVHD in 2 (0.8%), and cerebrovascular hemorrhage in 1
(0.4%). TRM incidences of the MSD, the WM-URD, and



1575

Comparison of HLA-matched sibling and unrelated donor transplantation in adult patients with acquired...

‘sjuaned (90°C6) SFT UL S[qR[IRAR 219M [9AJ] UDLLISY WNISS juedsuenald,

‘on[eA d [[eIOAO JOJ 1S9} P[EAA JO I[NSAT Y} JedIpu],

1190 w)s pooiq [ereyduad HSgJ ‘moirewr auoq g ‘xopul A)piqiowod oyrdads-uonejuedsuen [[20 onarodojeway
1D-IDH uaunean aaissarddnsounurur 767 ‘eunurqojsoway [euimoou [ewsAxored g ‘erwaue onse[de a10Ads A19A YySA ‘ewaue onsede a10A9s Yy ‘Touop pajearun payojew Afjented gy
-Wd ‘Iouop 3ul[qIs paydiewl (JS4 ‘I0UOP Paje[oIun PIYdJeW-[[oM (Fy/1-WM ‘TeAIUI QOUSPYUOD [) ‘Onel PIeZeY Y ‘BAIAINS [[BIOAO §(O) ‘TBAIAINS 9IJ-AIN[TEJ ‘DIJ-SBASIP ISOY-SNSIOA-1JRIS §./.1D

8L0 %T06 "SA %906 00 WSV SA BLITL (DSAd/ING) 201mos [[20 WS
680 %6°06 "SA %168 060 169 SA %ES9 (S19yIQ/RTeW 03 S[EWS,]) YoyewsIu Xas jusrdroar-rouoq
L80 %T 16 "SA BT 06 080 WS 69 SA %089 (ON "sA s9x) yoyewstw 2d£y poo[q OgV
LSO %688 "SA %0T6 1L°0 %9°L9 SA %S 69 (€2/ €>) ID-LDOH
Se0 %968 "SA BEE6 8T0 %699 SA BIEL (ypuow Z</puowr 7[s) jue[dsues o} SISOUSLIP WOL [BAISIU]
200 (#€'87—05°0) 9L°€ 600 WL L6 "SA BE 68 €10 B118 'SA %HT99 (ON "sA $3K) (syun QQ[<) A103S1y uoISIysues) K[IALH
S1°0 %9°¢6 SA %188 8¢°0 (86'T-89°0) 91'T 10°0 WBLIL SA BHET9 (ON "sA $9X) A103s1y 1 ST Surpaoaid
€r'0 %1°88 "SA %9T6 Se0 %6°S9 SA BTTL (Tw/3u O 1</ TW/Su 00015) q[2A3] UDLLI?Y WInISG
9¢°0 %016 'SA %S'88 060 %889 SA %HT'89 (ON 'sA s9X) duo[> HNd Jo 9ouasaid
or'o %1°88 'SA %816 g0 %6°€9 SA %Y OL (VVSA 'sA VVS) L1oass aseasiq
98°0 B116 'SA %S 06 09°0 %1799 SA BTOL (Srewdy "sA JeN) XS
970 L8 "SA %816 LEO (TE'1-8%°0) 6L°0 900 BbEVY SA %YL (81 Op< "sa 81k p5) 98V
200 (68'8-1T°1) LT'€ 10°0> %6°C6 SA %HE8L 100> OLY=STTD v7C 10°0> BLIL SA BS'TS dSIN "SA IN-INd
820 OF'7=59°0) 69'1 81°0 %6°¢6 SA %HT 98 700 (€1°€—20'D) 8L'T 100> BLIL SA PG SS ASIN "SA AN-AM
700 00 210°0> 210°0> dnoi3 ad£y-1ouoq
(ID %S6) ¥H (%) sIK 9 ye oy (ID %S6) ¥H (%) 1K 9 1e oy
d QeLIBANNA d QJBLIBAIUN) d QelIRADNA d SjelIBALU()
SO Sd4D $10308

SO pue S.{D Sunosgje SI0)oef JO SISA[eUR SJBLIBADNW PUB JELIBAIU[ § d|qe]

SPRINGER NATURE



1576

S. H. Shin et al.

Fig. 2 Transplant outcomes
according to donor-type
groups for the propensity-
score matching cohort of
patients receiving SCT as a
first-line treatment. a graft
failure, b transplant-related
mortality, ¢ GFFS rate, and d
OS rate.
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the PM-URD groups were 6.1% (95% CI, 3.0-10.8), 10.3%
(95% CI, 4.4-19.0), and 21.7% (95% CI, 9.4-37.4) at 6
years, respectively (P =0.03). The TRM incidence of the
PM-URD group was significantly higher than that of the
MSD group (P =0.01). There were no significant differ-
ences of TRM incidences between the MSD and the WM-
URD groups (P =0.21), and the WM-URD and the PM-
URD groups (P=0.19) (Fig. 1b). Other baseline and
transplant-related characteristics did not affect the TRM
incidence (P > 0.20).

GFFS and OS

With a median survivor’s follow-up duration of 79.1 (range,
6.1-177.6) months, 175 (67.8%) patients were alive without
experiencing GF, grades III-IV acute GVHD, and chronic
GVHD requiring systemic therapy. The GFFES rates of the
MSD, the WM-URD, and the PM-URD groups were 76.7%
(95% CI, 63.2-80.2), 55.5% (95% CI, 41.3-67.5), and
51.5% (95% CI, 33.5-66.9) at 6 years, respectively (P <
0.01). The GFFS rate of the MSD group was significantly
higher compared with that of the WM-URD (P <0.01) and
the PM-URD (P <0.01) groups. There was no significant
difference of the GFFS rates between the WM-URD and the
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PM-URD groups (P =0.22) (Fig. 1c). Patients’ age (<40
years vs. >40 years; 76.8 vs. 64.3% at 6 years, P =0.06)
and preceding IST history (yes vs. no; 61.3 vs. 76.7% at 6
years, P=0.01) were also potential candidates affecting
GFFS rate. However, donor-type group (WM-URD vs.
MSD; hazard ratio [HR] 1.78, 95% CI, 1.02-3.13, P = 0.04
and PM-URD vs. MSD; HR 2.44, 95% CI, 1.25-4.76, P<
0.01) was the only significant factor affecting GFFS rate in
multivariate analysis (P < 0.01) (Table 4).

At the time of analysis, 234 (90.7%) patients were alive.
The OS rates of the MSD, the WM-URD, and PM-URD
groups were 93.9% (95% CI, 88.6-96.8), 86.2% (95% ClI,
72.9-93.3), and 78.3% (95% CI, 59.6-89.0) at 6 years,
respectively (P =0.02). The OS rate of the MSD group
was significantly higher than that of the PM-URD (P <
0.01), but not to that of the WM-URD (P =0.18) group
(Fig. 1d). There was no significant difference in OS rates
between the WM-URD and the PM-URD groups (P =
0.18). Donor-type group (WM-URD vs. MSD, HR 1.69,
95% CI, 0.65-4.40; P =0.28 and PM-URD vs. MSD; HR
3.27,95% CI, 1.21-8.85; P = 0.02) and heavily transfusion
history (HR 3.76, 95% CI, 0.50-28.34; P=0.02) were
independent significant factors affecting OS rate in multi-
variate analysis (Table 4).
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Subgroup analysis for the propensity-score
matching cohort of patients receiving SCT
as a first-line treatment

We compared the major posttransplant outcomes between
the MSD and the URD groups for the propensity score
matching cohort of patients who received allogeneic SCT
as a first-line treatment (54 and 18 patients of the MSD
and URD groups, respectively). The patients’ baseline and
transplant-related characteristics were not significantly
different between the MSD and the URD groups, except
significantly higher proportion of patients who had male
sex (P =0.03), longer interval from diagnosis to trans-
plant (P <0.01), and used PB stem cells (P <0.01) in the
URD group (Table S1). Grades II-IV acute (5.6 vs. 50.0%
at day 100; P<0.01) and grades III-IV acute GVHD (0
vs. 16.7% at day 100; P<0.01), and mild-to-severe
chronic (12.0 vs. 38.7% at 6 years; P <0.01), moderate-
to-severe chronic (19 vs. 22.2% at 6 years; P <0.01) and
severe chronic (0 vs. 16.7% at 6 years; P<0.01) GVHD
incidences were significantly higher in the URD group
compared with those of the MSD group. There were no
significant differences of GF incidence (15.9 vs. 0%; P =
0.06), TRM incidence (3.7 vs. 11.8% at 6 years; P=
0.25), GFFS rate (78.5 vs. 66.7% at 6 years; P =0.21),
and OS rate (96.3 vs. 88.9% at 6 years; P = (.24) between
the MDS and the URD groups (Fig. 2).

Discussion

In our current study, which compared the long-term out-
comes of adult SAA patients who received allogeneic SCT
according to donor-type groups, there was no significant
difference of the OS rates between the MSD and the WM-
URD groups. However, the OS rate of the PM-URD group
was significantly lower compared with that of the MSD
group. These results suggest the possibility of URD-SCT,
especially using WM-URD, as a first-line treatment option
for adult SAA patients, at least in terms of OS rate.

The most evident limitation of this study is the unba-
lanced distribution of the clinical and transplant-related
characteristics of the donor-type groups. According to our
therapeutic scheme, the proportion of older (>40 years)
patients was significantly higher in the MSD group com-
pared with that of URD groups. Conversely, the proportions
of those who had longer interval from diagnosis to trans-
plant (>12 months) and heavily transfusion history (>100
units) were significantly higher in the URD groups since
most patients in the URD groups experienced previous IST
failures compared with that of the MSD group. In addition,
PB stem cells were more frequently used in the URD groups
due to donors’ preferences than in the MSD group. The

unequally distributed characteristics might suggest that
most of the results from our current study can be depre-
ciated. However, most of unequally distributed factors that
are associated with poor posttransplant outcomes [27-30],
except a significantly higher proportion of patients having
older age (>40 years), were more frequently observed in the
URD group than in the MSD groups. Consequently, an
unbalanced distribution of the clinical and transplant-related
characteristics of the donor-type groups cannot significantly
affect our major conclusion of at least not inferior OS rate of
the WM-URD group compared with that of the MSD
groups.

Yagasaki et al. analyzed the outcomes of children and
adolescent SAA patients who received allogeneic SCT,
which showed no significant difference of OS rates between
the MSD and the URD groups (100 vs. 93.8% at 10 years;
P =0.25) [10]. Dufour et al. also showed comparable OS
rates of pediatric SAA patients who received allogeneic
SCT as a first-line treatment between the MSD and the
URD groups (91 vs. 96% at 2 years; P =0.30) [11]. These
above-mentioned studies suggest an extending role of
URD-SCT as a considerable first-line treatment option for
children and adolescent patients, which have changed the
treatment scheme for these patients [3]. However, com-
parative studies that analyzed the outcomes of adult SAA
patients who received MSD-SCT and URD-SCT are
insufficient. Only two recently published retrospective stu-
dies by Vaht et al. and Zhang et al. compared the OS rates
of patients who received MSD-SCT and URD-SCT, which
provided results similar to that of the current study (90.6 vs
83.3% at 5 years; P=0.41 and 89.3 vs. 82.0% at 5 years; P
=0.40, respectively) [13, 14]. However, because these
studies analyzed a small number of patients, they had
substantial difficulty in drawing confirmatory results. Our
study showed not significantly different OS rates between
the MSD and WM-URD groups in a sufficient number of
adult SAA patients, along with the clinically acceptable
outcomes of the PM-URD group. This supports a con-
siderable role of URD-SCT as a first-line treatment option
in adult SAA patients. Furthermore, our additional pro-
pensity score matching sub-cohort analysis showing a
comparable OS rate of patients who received MSD-SCT
and URD-SCT as a first-line treatment makes our results
more evident, although a very limited number of patients of
URD cohort result in a difficulty in drawing definite
conclusion.

The incidences of acute and chronic GVHD of the URD
groups were significantly higher than those of the MSD
group. In addition, we showed that the GFFS was sig-
nificantly higher in the MSD group than that of the URD
groups. Considering relatively high morbidity and mortality
of patients experiencing acute and chronic GVHD [31, 32],
these results should be a major consideration when

SPRINGER NATURE



1578

S. H. Shin et al.

performing URD-SCT as a first-line treatment for adult
SAA patients. Therefore, all possible efforts to ameliorate
the incidences of acute and chronic GVHD for patients to
achieve long-term survival with an adequate quality of life
are essential. Our recently published report for adult SAA
patients who received URD-SCT using PM-URD or PB
stem cells may provide with a possible solution for this
issue [15]. It showed significantly lower acute grade II-IV
and chronic GVHD incidences (31.2 vs. 61.5% at day 100;
P<0.01 and 21.9 vs. 65.4% at 3 years; P<0.01, respec-
tively) in patients who received low-dose ATG (2.5 mg/kg)
compared with patients who did not receive low-dose ATG.
Furthermore, emerging prophylactic approaches of various
action mechanisms, including T-cell depletion, functional
inhibition of donor T-cell activation, inhibition of signals
mediated by extracellular mediators, and B-cell depletion
[33], with an improved understanding of GVHD patho-
physiology will lead us to overcome this challenging area of
allogeneic SCT.

In conclusion, our current study showed that OS rates
between the MSD and the WM-URD groups of adult SAA
patients who received allogeneic SCT, along with the
clinically acceptable outcomes of PM-URD group, were not
significantly different, which suggests the possibility for the
role of URD-SCT as a first-line treatment option. The
strength of our study is as follows: this is a large com-
parative analysis including only adult SAA patients who
received allogeneic SCT between the MSD and the URD
groups. However, this is a retrospective study with an
unbalanced distribution of clinical and transplant-related
characteristics of the donor-type groups, although it is an
unavoidable feature of a real-world description. In addition,
there was only a small number of patients who received
allogeneic SCT as a first-line treatment, especially in the
URD group, which should be an additional limitation. Until
more clinical evidences by future well-designed prospective
studies are available, URD-SCT as the first-line treatment
for SAA should be recommended in younger patients (<40
years old).
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