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Abstract

Background: Cord blood transplantation (CBT) has been reported as an acceptable option with
comparable outcomes to conventional donors in adults with acute lymphoblastic leukemia
(ALL). We aimed to analyze the long-term CBT outcomes and risk factors for early and long-
term mortalities.

Methods: Between 2006 and 2020, 112 patients (median age: 35 years; 62 Ph-negative ALL
and 50 Ph-positive ALL) were treated with double CBT. Conditioning regimen consisted of total
body irradiation (12 Gy) plus cytarabine (9.0 g/m?] plus fludarabine (150 mg/ m?}, and graft-
versus-host disease (GVHD] prophylaxis was attempted by administering tacrolimus plus
mycophenolate mofetil.

Results: The median time for neutrophil and platelet recovery was 25 days (range: 5-59 days)
and 34 days (range: 7-185 days), respectively. The cumulative incidence of acute GVHD at 1
year was 43.8%, and the incidence of acute GVHD with grades IlI-IV was 8.9%. The overall
cumulative incidence of chronic GVHD was 22.0%, and the incidence of moderate to severe
chronic GVHD was 8.5%. After a median follow-up of 60.1 months (range: 5.7-181.3 months),
the 5-year cumulative incidence of relapse (CIR) and nonrelapse mortality (NRM] were 15.9%
and 28.5% (9.7% and 27.2% for CR1), respectively, and the 5-year overall survival (0S) was
57.9% (66.5% for CR1]. In multivariate analysis of 88 patients receiving double CBT in CR1,
delayed CR1 was related to high CIR, and age older than 40 years was associated with high
NRM and early mortality. Unexpectedly, Ph-positive ALL with MRD had a higher NRM and
early mortality than Ph-negative ALL and Ph-positive ALL without MRD subgroups, possibly
due to delayed neutrophil and platelet recovery.

Conclusion: Our data suggest that double CBT for adult ALL in CR1 has a greater benefit in
younger patients and in patients with Ph-positive ALL without MRD or Ph-negative ALL.
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measurable residual disease, nonrelapse mortality
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relapsed or refractory ALL. However, many of
them subsequently relapse, providing 35-40% of
long-term  disease-free  survival (DFS).1-3
Allogeneic hematopoietic cell transplantation
(HCT) from a human leukocyte antigen

Introduction

Recent advances in immunochemotherapeutic
agents have improved complete remission (CR)
rates higher than 90% in adults with acute lymph-
oblastic leukemia (ALL), even in patients with
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(HLA)-matched sibling donor (MSD) or matched
unrelated donor (MUD) has been regarded as a
primary post-remission treatment for adult
ALL.*% However, a significant proportion of
patients lack an HLLA-matched donor,” leaving
the need for alternative HCT from mismatched
unrelated donor (MMUD), haploidentical donor
(HID), or umbilical cord blood (CB) sources.812

Because the impact of donor sources on trans-
plantation outcomes remains uncertain and may
vary according to underlying disease and pre-
HCT disease status, we previously analyzed the
impact of donor type (MSD wersus MUD versus
MMUD versus CB) on long-term HCT out-
comes, particularly focusing on the donor-type-
specific difference in graft-versus-host disease
(GVHD)-free/relapse-free survival (GRFS) in a
large cohort of adults with ALL in first CR (CR1).
With respect to GRFS, we found the benefit of
CBT for adult ALL in CR1, which in turn may
lead to an improved long-term quality of life.!3
Nevertheless, we must still consider delayed
engraftment and early mortality of CBT due to
lower cell counts compared to conventional
donors.!* In addition, our previous interim data
on double CBT showed that patients with
Philadelphia chromosome (Ph)-positive ALL had
worse survival outcome than patients with
Ph-negative ALL, probably due to delayed
engraftment and high nonrelapse mortality
(NRM).1> Along with the subtype of ALL, the
significance of immune-related parameters
including HLLA disparity,!6-18 natural killer-cell
alloreactivity,!%20  donor-specific  antibodies
(DSA),21:22 and noninherited maternal antigen
(NIMA),23 and several clinical factors such as age
and infused CD34+ cell count were also analyzed
in several studies.2%2> However, most parameters
have not been proven to be influencing factors
and some unclarities should be discussed.

In this study, we aimed to analyze risk factors
affecting mortality and survival outcomes of dou-
ble CBT in a larger number of patients with a
longer follow-up period.

Patients and methods
Study population and treatment policy

From March 2006 to December 2020, 112 con-
secutive adults with ALL who received double

CBT at a single, the largest institution in Korea
were enrolled in this study. We have treated ALL
patients with a uniform frontline chemotherapy
and offered allogeneic HCT according to donor
availability as a post-remission treatment during
first CR. In relapsed or refractory ALL, alloge-
neic HCT was performed as soon as possible if
CR was obtained after salvage therapy. We previ-
ously reported HCT outcomes according to
donor type in adults with ALL in CR1, including
our donor hierarchy.13 Briefly, if an MSD is avail-
able, HCT is offered as a main post-remission
therapy, irrespective of risk assessment. Patients
who have no available MSD, especially those with
high-risk features, are offered to receive MUD or
1-allele-MMUD transplantations. For patients
without a suitable unrelated donor, CB was finally
selected based on our center’s criteria. In the cur-
rent study, CBT was performed in 88 patients
during their CR1, 20 were in second CR (CR2, 9
of them were second transplantation), and the
rest 4 were in non-CR (NR, 1 of them was second
transplantation). First, we analyzed double CBT
outcomes according to disease status in all
patients. Then, we focused on patients treated
with double CBT during CRI1 for a detailed eval-
uation of risk factors. All patients provided writ-
ten informed consent approved by the institutional
review board of the Catholic University of Korea
(KC17RESI0155). This study was conducted in
accordance with the Declaration of Helsinki. The
reporting of this study conforms to the STROBE
statement (https://www.equator-network.org/).

Pre-HCT chemotherapy

As previously described,26-2° we applied modified
hyper-CVAD, which consisted of cyclophospha-
mide, vincristine, daunorubicin, and dexametha-
sone (at each odd cycle). Then, patients received
subsequent chemotherapy courses consisting of
high-dose cytarabine and mitoxantrone (at each
even cycle). Patients received up to four cycles in
total, which was dependent on donor availability.
In patients with Ph-positive ALL, tyrosine kinase
inhibitors (imatinib or dasatinib) were added to
the above chemotherapy regimens. Central nerv-
ous system prophylaxis was performed by intrath-
ecal administration of triple agents (methotrexate,
cytarabine, and hydrocortisone; six times in
total). We defined patients who failed the first
cycle of modified hyper-CVAD as primary refrac-
tory. For relapsed or primary refractory patients,
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the MEC regimen consisting of high-dose cytara-
bine, mitoxantrone, and etoposide has been used,
and since 2016, blinatumomab has also been
used. If a patient achieved CR after salvage thera-
pies mentioned above, we defined it as delayed
CRI1.

Transplantation procedures

We routinely used double CBs for all patients
because no single CB unit was adequate for the
cell dose during the study period. For the selec-
tion of CB units, minimum HILA typing require-
ments followed the current practice of
low-resolution typing for HLA-A and -B and
high-resolution typing of HLA-DRBI1 (class I at
antigen level and class II at allele level). When
several units were available, a 6/6 HLA-matched
unit was preferred to a 5/6 HLA-matched and a
5/6 unit to a 4/6. At the same overall HLLA com-
patibility level, the units with the higher total
nucleated cell (TNC) and CD34+ cell counts
were selected. HLA disparities between each unit
and the recipient and between the two units were
not necessarily at the same loci. Overall, we tried
to match at a minimum of 4/6 loci and checked
the TNC and CD34+ cell counts at least
=3 X 107 TNC/kg and =1 X 105 CD34+ /kg. We
did not routinely check donor-specific anti-HLA
antibody or NIMA status. Conditioning regimen
for double CBT consisted of TBI (12.0 Gy),
fludarabine (150mg/m2), and cytarabine (9.0g/
m?).13:15 Tacrolimus and mycophenolate mofetil
were used for GVHD prophylaxis. The granulo-
cyte-colony-stimulating factor was administered
to all patients at a dose of 5 pug/kg/day subcutane-
ously from day 7 after transplantation until neu-
trophil recovery. Chimerism status was evaluated
by short tandem repeat (STR) multiplex poly-
merase chain reaction (PCR) using an AmpFISTR
Identifier PCR Amplification kit (Applied
Biosystems, Foster City, CA) according to the
manufacturer’s instructions. GeneMapper ID
Software Version 4.1 (Applied Biosystems, Foster
City, CA) was used for automated genotyping
and quantification of peak areas. Samples were
collected at 1 and 3 months post-CBT, and com-
plete donor chimerism was defined as the detec-
tion of >95% of donor cells (from one or both
CB units). For cytomegalovirus (CMV) reactiva-
tion surveillance, we monitored real-time quanti-
tative (RQ)-PCR for CMV DNA after neutrophil
engraftment. If the CMV RQ-PCR level was
higher than 1000 copies/ml (equal to >6500 IU/

ml), preemptive therapy was conducted to pre-
vent CMV disease.3%-3! If residual leukemia was
detected in the absence of GVHD at 3 months
after double CBT, immunosuppressive agents
were rapidly discontinued. For Ph-positive ALL,
minimal residual disease (MRD) monitoring for
the BCR-ABL1 transcript was evaluated centrally
by RQ-PCR (4.5-log sensitivity) using bone mar-
row samples, as previously described.26-28 Based
on MRD response to tyrosine kinase inhibitors
before double CBT, imatinib (400 mg daily) or
dasatinib (100 mg daily) were administered
preemptively for 2 years to patients with detecta-
ble MRD after double CBT. Since we performed
MRD testing for Ph-negative ALL from late
2020, these results were not included in this
study.

Statistical analysis

The primary endpoints of this study included
overall survival (OS), DFS, NRM, cumulative
incidence of relapse (CIR), GRFS, and cumula-
tive incidence of GVHD and CMYV reactivation.
Survival curves were plotted using the Kaplan—
Meier method, and subgroups were compared by
log-rank tests. Relapse, NRM, and GVHD were
calculated using cumulative incidence estimates
to accommodate the following competing events
(death for relapse, relapse for NRM, and both
death and relapse for GVHD), and subgroups
were compared by Gray test. The prognostic sig-
nificance of covariates affecting OS and DFS was
determined by Cox proportional hazards regres-
sion model. The prognostic significance of covari-
ates affecting cumulative incidences of relapse,
NRM, and GVHD was determined using Fine-
Gray proportional hazards regression for compet-
ing events. Multivariate analyses were performed
using variables with a p value <0.10 in prelimi-
nary univariate analyses. All statistical analyses
were performed using ‘R’ software version 4.0.3
(R Foundation for Statistical Computing, 2020).
Statistical significance was set at p value <0.05.

Result

Patient characteristics

Baseline characteristics at the time of diagnosis
and double CBT for all 112 patients (105 B-cell
ALIL and 7 T-cell ALL) are summarized in Table 1.
The median patient age was 35 years (range: 18—
62 years). Poor-risk karyotype was identified in
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Table 1. Baseline characteristics of adult ALL patients treated with double CBT.

Total patients  CBT in CR1 CBT in=CR2 p
(n=112) (n=88) (n=24)

Age, median (range), years 35(18-62) 35 (18-62) 33 (18-57) 0.801
<40, n (%) 71 (63.4) 56 (63.6) 15 (62.5) 1.000
=40, n (%) 41(36.6) 32 (36.4) 9 (37.5)

Male gender, n (%) 54 (48.2) 40 (45.5) 14 (58.3) 0.357

Leukocyte count, median (range), X 10%/L 16.9 (1.1-691.0) 21.2(1.1-691.0) 11.8(2.2-374.9) 0.635
=30x10%/L, n (%) 42 (37.5) 33(37.5) 9 (37.5) 1.000

B-cell subtype, n (%) 105 (93.7) 83(94.3) 22 (91.7) 0.641

T-cell subtype, n (%) 7 (6.3) 5(5.7) 2(8.3) 0.641

Karyotype, n (%) 0.818
Standard-risk 51 (45.5) 41 (46.6) 10 (41.7)

Poor-risk 61 (54.5) 47 (53.4) 14 (58.3)
Ph 50 (44.6) 39 (44.3) 11 (45.8)
KMT2A rearrangement 5 (4.5) 4 (4.5) 1(4.2)
Complex karyotype 4 (3.6) 2(2.3) 2(8.3)

Extramedullary involvement, n (%) 53 (47.3) 38 (43.2) 15 (62.5) 0.110

CR achievement 0.106
CR after induction chemotherapy, n (%) 96 (85.7) 78 (88.6) 18 (75.0)

Delayed CR, n (%) 16 (14.3) 10 (11.4) 6 (25.0)

Previous HCT history, n (%) 10 (8.9) 0(0.0) 10 (41.7) <0.001

Ph-subgroup and pre-CBT MRD, n (%) 0.861
Ph-negative ALL 62 (55.4) 49 (55.7) 13 (54.2)

Ph-positive ALL without MRD 27 (24.1) 22 (25.0) 5(20.8)

Ph-positive ALL with MRD 23 (20.5) 17 (19.3) 6 (25.0)

Year of CBT, n (%)

2006-2013 27 (24.1) 22 (25.0) 5(20.8) 0.792

2014-2020 85 (75.9) 66 (75.0) 19 (79.2)

Sex match, n (%) 0.466
Female to male 38(33.9) 28 (31.8) 10 (41.7)

Others 74 (66.1) 60 (68.2) 14 (58.3)

ABO match, n (%) 0.078

[Continued]
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Table 1. (Continued)

Total patients  CBT in CR1 CBT in=CR2 p
(n=112) (n=88) (n=24)
Match 6 (5.4) 3(3.4) 3(12.5)
Minor mismatch 23 (20.5) 16 (18.2) 7 (29.2)
Major mismatch 83 (74.1) 69 (78.4) 14 (58.3)
TNC, median (x107/kg) 4.04(1.58-7.88) 3.98(1.58-7.88) 4.15(2.72-7.60) 0.375
=3.0%107/kg, n (%) 94 (80.6) 74 (82.4) 20 (78.8) 1.000
CD34+ cells, median (x10%kg) 1.09 (0.33-5.85) 1.08 (0.33-5.85) 1.15(0.49-4.84) 0.457
=1.0%x10%/kg, n (%) 64 (64.2) 48 (52.9) 16 (75.8) 0.355
CD3+ cells, median (x10¢/kg) 5.66 (1.50-14.2) 5.42(1.50- 5.95(2.99-14.2) 0.055
13.05)
Median time to CBT, months (range) 6.8(3.5-92.2) 6.5 (3.5-10.4) 13.5(6.2-92.2)  <0.001

ALL, acute lymphoblastic leukemia; CBT, cord blood transplantation; CR, complete remission; HCT, hematopoietic cell
transplantation; MRD, measurable residual disease; Ph, Philadelphia chromosome; TNC, total nucleated cells.

61 patients (54.5%), and among them, Ph was
observed in 50 patients (44.6%). Double CBT
was performed in 88 patients during CR1, while
24 were in =CR2 [4 of them were in NR (3
Ph-positive ALL and 1 Ph-negative ALL)] who
had a longer time interval from diagnosis to trans-
plantation (6.5 wversus 13.5 months, p<<0.001)
and 10 were second transplantation. Median
TNC count was 4.04X 107 cells/kg, and 94
patients (80.6%) received =3.0X 107 TNC/kg
(range: 0.33-5.85 X107 TNC/kg). Median
CD34+ cell count was 1.09 X 10> cells/kg, and
64 (64.2%) patients received =1 X105 cells/kg
(range: 1.58-7.88 X 105 cells/kg).

Engraftment, GVHD, and CMV reactivation

The cumulative incidence of neutrophil and
platelet engraftment was 95.5% and 88.9%, and
the median time for neutrophil and platelet recov-
ery was 25 days (range: 5-59 days) and 34 days
(range: 7-185 days), respectively. We observed
that platelet count recovery was delayed in
Ph-positive ALL compared to Ph-negative ALL
(40 days versus 32 days, p = 0.055), while the neu-
trophil recovery was not different (26 days versus
25 days, p=0.460). The chimerism status was
evaluated in 99 (88.4%) patients at 1 month and
in 92 (82.1%) at 3 months, respectively. Among

them, complete donor chimerism was detected in
92.9% (92/99) at 1 month and 97.8% (90/92) of
patients at 3 months, respectively. All patients
with complete donor chimerism had a single unit
predominance of >70% of donor cells. Except for
7 patients who died during aplasia, 49 developed
acute GVHD (39 grade II, 7 grade III, and 3
grade IV), and the cumulative incidence of acute
GVHD at 100-day was 41.1% and at 1 year was
43.8%. The cumulative incidence of acute
GVHD with grades III-IV was 8.9% (Figure
1(a)). Except for patients who died within 100
days without chronic GVHD, 23 developed
chronic GVHD (14 mild, 8 moderate, 1 severe),
resulting in a 5-year cumulative incidence of
22.0%, and moderate to severe chronic GVHD
was observed in 8.5% (Figure 1(b)). We experi-
enced CMV reactivation in 91 (81.3%) patients,
and 65 (71.4%) of them with high level of reacti-
vation received preemptive antiviral therapy. The
cumulative incidence of treated CMYV reactiva-
tion was 58.4% (Figure 1(c)). However, there
was no significant difference in OS according to
CMV reactivation (54.7%  wversus 70.8%,
p=0.494; data not shown). Overall, 18 (16.1%)
patients died within 100-day post-CBT - 11
were due to sepsis, 4 due to GVHD, 2 due to
organ failure, and 1 due to brain hemorrhage
(Figure 1(d)).
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Figure 1. Transplantation complications and early death after double CBT. (a) Cumulative incidence of acute
GVHD. (b) Cumulative incidence of chronic GVHD. (c) CMV reactivation. (d) Cumulative incidence of early death
within 100 days. *Aplasia deaths without acute GVHD and early deaths or relapse within 100 days without

chronic GVHD were treated as competing risks.

Survival outcomes of the entire cohort

Of a total of 112 patients, 17 relapsed at a median
of 5.9 months (range: 0.1-20.5 months) after
transplantation. The 5-year CIR was 12.7%
(9.7% for patients in CR1% and 25.7% in CR2;
p<<0.001; Figure 2(a)). Totally, 31 patients died
of NRM at a median of 3.2 months (range: 0.3—
26.6 months) after transplantation. The 5-year
incidence of NRM was 28.5% [27.2% for patients
in CR1, 40.0% in CR2, and 0.0% in NR (all died
of leukemia); p=0.218; Figure 2(b)]. After a
median follow-up duration of 60.1 months
(range: 5.7-181.3), 66 of the 112 patients
remained alive. At the time of analysis, 46 patients
had died (15 disease progression, 31 NRM). The
primary causes of death were infections (n=16),

relapse (n=15), GVHD (z=10), organ failure
(n=4), and hemorrhage (z=1). Five-year DFS
and OS were 57.6% (63.1% for patients in CR1
and 34.3% in CR2) and 57.9% (66.5% for
patients in CR1, 33.0% in CR2, and 0.0% in
NR), respectively (Figure 2(c) and (d)). Five-year
GREFS was 49.6% (55.5% for patients in CR1
and 24.0% in CR2; Figure 2(e)).

Survival outcomes in CR1 subgroup

As the entire patient cohort comprised variable
imbalances in disease status, previous allogeneic
HCT history, and time to transplantation, we
focused on patients receiving double CBT in
CRI1 to analyze adverse prognostic factors. In this
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Figure 2. Survival outcomes of double CBT in the entire cohort. (a) CIR according to disease status. (b) NRM
according to disease status. (c) DFS according to disease status. (d) 0S according to disease status. (e] GRFS

according to disease status.

subgroup of patients, OS (56.9% versus 74.0%)
and NRM (34.8% versus 21.4%) were not signifi-
cantly different between Ph-positive ALL and
Ph-negative ALL (Figure 3(a) and (b)) and CIR

(10.5% for Ph-positive ALL versus 9.0% for
Ph-negative ALL, p=0.718) was also similar.
However, when we further analyzed considering
both Ph-positivity and pre-HCT MRD status,
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Ph-positive ALL with MRD subgroup (n=17)
showed the worst OS and DFS (39.7% and
40.3%) compared to Ph-positive ALL without
MRD (n=22; 70.1% and 65.6%, p=0.071 and
p=0.181, respectively) and Ph-negative ALL
(n=49; 74.0% and 69.6%, p=0.010 and
p=0.017, respectively) subgroups (Figure 3(c)
and (d)). In Figure 3(e) and (f), we identified that
poor survival outcome was due to higher NRM of
Ph-positive ALL with MRD subgroup compared
to other subgroups (47.8% wversus 24.8% and
21.4%, p=0.047) rather than CIR (11.8% wversus
9.4% wersus 9.0%, p=0.916). We identified early
death rate within 100 days post-CBT was signifi-
cantly higher in Ph-positive ALL with MRD sub-
group than other subgroups (35.3% versus 9.1%
versus 4.1%, p=0.001). In multivariate analysis
(Table 2), the early death rate was significantly
higher in patients older than 40 years (HR = 22.6,
95% CI; 2.8-178.2, p=0.003) and Ph-positive
ALL with MRD subgroup (HR=13.6, 95% CI;
2.9-64.3, p<0.001), and the overall NRM was
also higher in patients older than 40 vyears
(HR=6.72, 95% CI; 2.6-17.0, p<0.001) and
Ph-positive ~ ALL with MRD  subgroup
(HR=4.69, 95% CI; 1.9-11.2, p<0.001).
Delayed CR1 was the most adverse risk factor
affecting CIR (HR=9.59, 95% CI; 2.5-35.9,
$<<0.001). For survival outcomes, all factors dis-
cussed above (old age, delayed CR, and
Ph-positive ALL with MRD subgroup) were sig-
nificant for both OS and DFS. Age older than 40
years (HR=1.89, 95% CI; 1.1-3.2, p=0.016)
was associated with a poorer GRFS.

Discussion

CB is a readily available donor source for patients
who do not have a suitable conventional donor,
but we still have to consider a delayed engraft-
ment and early fatality.!3-14 We have been using
double CBs as a primary alternative donor source
for over a decade, and as our experience with its
pros and cons has accumulated, we clearly felt the
need to identify better CBT candidates. Our pre-
vious interim data on double CBT showed that
patients with Ph-positive ALL had a poorer DFS
than patients with Ph-negative ALL (37.7% ver-
sus 66.5%, p=0.017), with trends of higher CIR
and NRM.!5 However, in this study with a larger
number of patients and more extended follow-up,
Ph-positive ALL still showed poorer outcomes
than Ph-negative ALL, but the difference was not

statistically significant. However, when we further
analyzed considering both Ph-positivity and
MRD status before CBT, Ph-positive ALL with
MRD subgroup showed significantly worse sur-
vival outcomes due to significantly higher NRM
than Ph-negative ALL or Ph-positive ALL with-
out MRD subgroups. In this Ph-positive ALL
with MRD subgroup, the early death rate within
100 days post-CBT was exceptionally high,
accounting for 75.0% of all NRM cases, resulting
in a poorer OS than other subgroups. Overall,
irrespective of disease subgroup, age older than
40 years was an important factor in high NRM
and early mortality.

For both Ph-positive and Ph-negative ALL, MRD
has been proven as one of the most important fac-
tors for predicting survival outcome after alloge-
neic HCT.27-29:32-34 Pre-transplantation positive
MRD is generally supposed to be related to sub-
sequent relapse rather than NRM.3%3% However,
our data showed that NRM, especially early mor-
tality, were significantly higher in Ph-positive
ALL with MRD subgroup after double CBT. As
a result, the long-term CIR was not substantially
higher than Ph-positive ALL without MRD or
Ph-negative ALL subgroups. These were unex-
pected findings and might be a coincidence.
However, as a possible reason for frequent early
deaths in Ph-positive ALL with MRD subgroup,
we suggest that delayed neutrophil (29 days versus
24 days, p = 0.038) and platelet (42 days versus 37
days, p = 0.056) recovery may increase fatal infec-
tious or hemorrhagic complications, possibly due
to myeloablative conditioning regimen
(Supplementary Table 1). A recent study found a
higher incidence of bloodstream infection after
CBT, which was more severe in patients with
delayed neutrophil engraftment, TBI condition-
ing, and infection with multidrug resistance. They
also showed that NR or advanced disease status
before CBT was at high-risk of blood stream
infection (37.9% versus 24.1%), although it was
offset in the multivariate analysis.3”

Vice versa, many early deaths may offset possible
candidates for subsequent relapse, resulting in a
similar overall CIR between Ph-positive ALL
with MRD subgroup and other subgroups in our
study. Recently, Milano ez al. examined the effect
of MRD on mortality and relapse between the
donor sources (CB versus MUD wversus MMUD).38
The authors showed that the risk of relapse was
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Figure 3. Survival outcomes in patients receiving double CBT in CR1 according to Ph-positivity and pre-CBT
MRD status. (a) OS of patients with Ph-positive ALL and Ph-negative ALL. (b) NRM of patients with Ph-positive
ALL and Ph-negative ALL. (c) OS according to Ph-positivity and MRD status. (d) DFS according to Ph-positivity
and MRD status. (e] CIR according to Ph-positivity and MRD status. (f) NRM according to Ph-positivity and MRD
status.

significantly lower in the CBT group than in three groups. Interestingly, pre-HCT MRD sta-
either MUD or MMUD groups, while no signifi- tus had a significant impact on risks of death and
cant difference in NRM was found between the relapse among patients receiving MUD- or
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MMUD-HCT but no impact among patients
receiving CBT. These important results should
be confirmed in future studies. Moreover, we
need solutions to reduce early mortality in high-
risk patients, such as older patients or those with
MRD/advanced disease status, by modulating
conditioning intensity or using other alternative
donors such as HID.

CBT has a high-risk for CMV reactivation due to
slow CMV-specific immune reconstitution.3®
CMV seropositivity is frequent in the Korean
population, and post-CBT CMYV reactivation is
confirmed in many patients.4° Qur data showed
that CMV reactivation was observed in 81.3%
and about 70% of them were treated with antivi-
ral agents. Because antiviral agents suppress BM
function, active preemptive treatment of CMV in
the early post-CBT period may be harmful to
hematological stability after CBT. Nevertheless,
survival outcomes were not significantly different
according to CMYV reactivation.

Several studies have reported that single CBT
showed more frequent engraftment failure,!2-41
while double CBT showed more frequent acute
GVHD or extensive chronic GVHD.42-46 Along
with the high incidence of GVHD, an enhanced
GVL effect was also observed after double CBT,
and one study found a significantly lower inci-
dence of relapse with TBI-based conditioning
regimen without antithymocyte globulin.%> In this
study, all patients were treated with double CBT
after TBI-based myeloablative conditioning with-
out antithymocyte globulin. Our data showed
that the cumulative incidence of grade III-IV
acute GVHD and moderate to severe chronic
GVHD was less than 10% each, indicating a rela-
tively lower incidence of clinically significant
GVHD compared to other studies.*?-4% In addi-
tion, most acute or chronic GVHD could be
managed safely, and only a small number of
GVHD-related deaths occurred. The reasons for
the low incidence of grade III-IV acute GVHD in
this study are not clear, but it is likely due to the
relatively lower number of infused cells compared
to other studies. Indeed, despite the use of double
CBs for all patients in this study, the median
number of TNC was 4.04 X 107/kg, 1.09 X 105/kg
for CD34+ cells, and 5.66 X 10%kg for CD3+
cells, which were lower than those in other
reports.¥346 Another possible cause is that the
high early mortality within 100 days post-CBT

may have partially masked the true incidence of
acute GVHD.

Several comparative studies showed no signifi-
cant difference in survival outcome between sin-
gle CBT and double CBT if a single unit had
sufficient cell dose and HLA compatibility.4>-47
Although our previous interim data showed that a
lower CD34+ cell number was associated with a
higher NRM after double CBT,!5 it was not sig-
nificant in this final analysis. This might be due to
our appropriate CB selection criteria. However,
we could not compare the results of double CBT
with single CBT as no single CB unit met the
minimum cell dose criteria during the study
period in Korea.

In summary, our data suggest that double CBT
for adult ALL in CR1 has a greater benefit in
younger patients and in patients with Ph-positive
ALL without MRD or Ph-negative ALL.
However, delayed engraftment and high risk of
early mortality are important issues to be
addressed. In addition, our data opened a discus-
sion point for Ph-positive ALL with MRD sub-
group at high risk of overall NRM and early
mortality. Our study has the limitation that it can-
not fully address the effect of MRD status on
CBT outcomes because MRD data were analyzed
only for Ph-positive ALL. To address the impor-
tance of MRD status for both NRM and relapse
in the CBT setting for adult ALL, our results
should be further evaluated with thorough MRD
monitoring.
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