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Background: We aimed to clarify the impact of the donor source of allogeneic stem cell transplantation (allo-SCT) on
Philadelphia chkomosomefnegative acute lymphoblastic leukemia [Ph(=) ALL] with focus on cord blood (CB).
Patients and methods: We retrospectively analyzed data of 1726 patients who underwent myeloablative allo-SCT
for adult Ph(=).ALL. The sources of the allo-SCT were related donors (RD; N =684), unrelated donors (URD; N = 809),
and CB (N = 233).

Results: Overall survival (OS) in patlents after CB allo-SCT in first complete remission (CR1) was comparable with that
after RD or URD allo-SCT (RD: 65%, URD: 64% and CB: 57% at 4 years, P=0:11). CB was not a significant risk factor
for relapse or non-relapse mortality as well as for OS:in multivariate analyses. Similarly, the donor source was not a
significant risk factor for OS in subsequent CR or non-CR (RD: 47%, URD: 39% and CB: 48% in subsequent CR,
P=0.33; RD: 15%, URD: 21% and CB: 18%.in non-CR, P =0.20 at 4 years).

Conclusion: Allo-SCT using CB led to OS similar to those of RD or URD in any disease status. To avoid missing the
appropriate timing, CB is:a favorable alternative source for adult Ph(—) ALL patients without a suitable RD or URD.

Key words: allogeneic stem cell transplantation, cord blood, donor source, Philadelphia chromosome-negative acute
lymphoblastic leukemia
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Introductlon trials) [1-8]. Allogeneic stem cell transplantation (allo-SCT) is
the most potent post-consolidation therapy and curative option
for ALL. It may be better to treat Philadelphia chromosome-
positive [Ph(+)] ALL and Philadelphia chromosome-negative
[Ph(—)] ALL as different diseases, since their treatment would
differ in an era of tyrosine kinase inhibitors (TKIs) [9].
Therefore, it would be more practical here to discuss data only

The progn031s of adult acute lymphoblastlc leukemla (ALL) is
still unsatisfactory; long-term survival has been achieved in
only ~30%-40% of patients despite a considerably high
complete remission (CR) rate (78%-93% in major clinical

*Correspondence to: Dr S. Nishiwaki, Department of Hematology and Oncology, from p atients with Ph(——) ALL [10_1 4]'
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Cooperative Oncology Group (MRC/ECOG), it was concluded
that related donor (RD) allo-SCT for Ph(—) ALL in CR1 could
achieve significantly better overall survival (OS) than that
without a suitable RD. As for unrelated donor (URD) allo-SCT,
OS was reported to be comparable with that with RD allo-SCT
for Ph(—) ALL in any disease status [12]. Since there has been
no large-scale study on unrelated cord blood (CB). allo-SCT for
Ph(~) ALL, further investigation is needed to find the position
of CB when a suitable RD or URD cannot be found..

In this study, we analyzed the impact of a donor source on
Ph(-) ALL, particularly the role of CB allo-SCT in each -~
disease status, and we obtained data which would be useful to
clinicians. Since how to handle CR1 patients would be the
most important to improve the outcome [10-12], we mainly
focused on the analyses of Ph(~) ALL in CRI.

patients and methods

collection of data and data source

The recipients’ clinical data were provided by the Japan Society for
Hematopoietic Cell Transplantation (JSHCT), which collected recipients’
clinical data at 100 days after allo-SCT. Data on survival, disease status, and
long-term complications, such as chronic graft-versus-host disease
(GVHD), are renewed annually by follow-up forms. This study was
approved by the data management committees of JSHCT as a study of the
adult ALL Working Group of JSHCT. Informed consent was obtained from
both recipients and donors in accordance with the Declaration of Helsinki.

patients

Data for 2314 patients of at least 16 years of age who underwent their first
allo-SCT for Ph(—) ALL between 1998 and 2009 were available in the
registration database of JSHCT. After excluding 388 patients without data
for HLA or disease status, 25 patients -who received double CB;and 175
patients who received reduced intensity conditioning regimens, we
analyzed data of 1726 adult Ph(—) ALL patients (684 RD, 809 URD, and
233 single CB) with focus on data of 917 patients transplanted in CR1,
according to the donor types (RD, URD, and CB). RD peripheral blood .
(PB) was used for 299 of 684 allo-SCTs (43.7%). Only bone marrow grafts
were used in URD allo-SCT because PB stem cell donation from URD was
approved in 2010 in Japan.

definition ; :

Neutrophil recovery was defined by an absolute neutrophil count of at least
0.5 x 10°/1 for 3 consecutive days, and platelet recovery was defined by a
count of at least 50 x 10°/1 without transfusion support. Acute GVHD and
chronic GVHD were diagnosed and graded according to the consensus
criteria {15, 16]. Relapse was defined as hematologic leukemia recurrence.
Non-relapse mortality (NRM) was defined as death during continuous
remission. For analyses of OS, failure was death from any cause, and
surviving patients were censored at the date of last contact. The date of
allo-SCT was the starting time point for calculating all outcomes. Patients
were classified at diagnosis by the Japan Adult Leukemia Study Group
(JALSG) risk stratification: low risk was defined as <30 years at diagnosis
and white blood cell (WBC) count of <30 000/l at diagnosis, high risk was
defined as 230 years at diagnosis and WBC count of >30 000/pl at
diagnosis, and intermediate risk was defined as other [8]. HLA matching of
CB was carried out using low-resolution typing for HLA-A, -B, and -C and
high- -resolution molecular typing for HLA-DRB1. HLA matching of URD
was carried out using high-resolution typing for HLA-A, -B, -C, and HLA-
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DRBI1 [17-19]. For RD or URD, ‘well-matched’ was defined as no known
disparity at HLA-A, -B, -C, or -DRBI, ‘partially matched’ was defined as
one locus disparity with their donors, and ‘mismatched’ was defined as two
or more locus disparities. For CB, ‘well-matched’ was defined as no known
disparity at HLA-A, -B, -C, or -DRBI, ‘partially matched’ was defined as at

. least four locus matches, and ‘mismatched” was defined as less than three

locus matches since CB of at least four of six HLA-matched and total

‘nucleated cells >2 x 107/kg or CD34+ cells >1 x 10%/kg is préferably

selected in Japan [20, 21].

. statistical anaIySIs

The two-sided 2 test was used for categoncal variables. 08 rates were

estimated by the Kaplan=Meier method and P* values were calculated using

a log-rank test [22, 23]. Cumulative incidences of relapse, NRM, and
GVHD were calculated by Gray’s method [24, 25]. Death without relapse
was considered as a competing event for relapse, and relapse was
considered as a'competing event for NRM. Univariate and multivariate
analyses were carried out using a Cox proportional hazard regression
model [26]. A significance level of P < 0.05 was used for all analyses.
Covariates included in the multivariate analyses were age at allo-SCT, WBC
counts at diagnosis, sex mismatch, phenotypes, cytogenetics, JALSG risk,
disease status, HLA disparity, time from diagnosis to allo-SCT, preparative
regimens, GVHD prophylaxis, and year of allo-SCT.

results

patient characteristics

Of 1726 patients, 917 received allo-SCT in CR1 (388 RD, 434
URD and 95 CB), 300 received allo-SCT in subsequent CR,
and 509 received allo-SCT in non-CR. The characteristics of
the patients are shown in Table 1. The frequencies of HLA
partially mismatched donor and those transplanted between
2005 and 2009 and age at allo-SCT were higher among patients
receiving CB allo-SCT in CR1, whereas the frequency of
tacrolimus-based GVHD prophylaxis was higher and the
interval from diagnosis to allo-SCT was loriger among patients
receiving URD allo-SCT in CRI. Among 233 CB recipients,
anti-thymocyte globulin (ATG) was used for three patients
(two in CR1 and one in non-CR). The median CB dose of

‘infused nucleated cells'and CD34-positive cells were

142

2.46 x 107/kg (range 0.03-24.77 x 10”/kg) and 0.83 x 10°/kg
(range 0.22-5.66 x 10°/kg).

survival among patients transplanted in CR1

The median follow-up period for survivors was 44 months
(range 4.7-153 months). OS rates at 4 years were 65% in CR1,
44% in subsequent CR, and 18% in non-CR (P < 0.0001). Since
the disease status at allo-SCT was an obvious factor for the
outcome of allo-SCT, we carried out analyses according to the
disease status. Among 917 patients transplanted in CR1, there
were no significant differences in OS between RD; URD, ‘and
CB allo-SCTs (65% in RD, 64% in URD, and 57% in CB at 4
years; P=10.11) (Figure 1A). The results of multivarjate analysis
showed that >45 years of age at allo-SCT, JALSG intermediate
or high risk, HLA partially matched or mismatched, non-TBI
preparative regimens, transplantation between 1998 and 2004,
and <6 months from diagnosis to allo-SCT were significant
risk factors for OS (Table 2). The donor source was not a
significant risk factor [URD: hazard ratio (HR) 1.09 (95% CI
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Table 1. Characteristics of Ph(—) ALL patients undergoing myeloablative allo-SCT, according to the disease status
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CR, complete remission; PIF, primary induction failure; BM, bone marrow; allo-SCT, allogeneic stem cell.transplantation; CY; cyclophosphamide; TBI, total
body irradiation; CA, cytarabine; BU, busulfan; GVHD, graft-versus-host disease.
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Figure 1. Transplant outcomes by a donor source for 917 Ph(-) ALL péiients who underwent myeloablative allo-SCT in CRI. (A) Overall survival;
(B) cumulative incidence of relapse; (C) cumulative incidence of non-relapse mortality (NRM). RD, related donor; URD, unrelated donor; CB, cord blood.

0.83-1.44), P=0.53; CB: HR 1.20 (95% CI 0.76-1.89), P=0.43
(versus RD)]. Among CB recipients in CR1, only age at allo-
SCT (=45 years) was a significant prognostic factor in
multivariate analysis [HR 2.89 (95% CI 1.43-5.81), P =0.003].
CD34-positive cell dose was not a significant prognostic factor.
Subgroup analyses of CR1 patients younger than 45 years
showed that OS after CB allo-SCT (N = 65) was significantly
better than that after mismatched URD allo-SCT (N =47) in
CR1 (68% versus 49% at 4 years, P = 0.04).

relapse and NRM among patients transplanted
in CR1

The cumulative incidence of relapse was significantly lower in
patients who underwent URD allo-SCT than in those who
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underwent RD or CB allo-SCT (25% in RD, 17% in URD, and
22% in CB at 3 years; P=0.02) (Figure 1B). The results of

multivariate analysis showed that abnormal cytogenetics, non-
TBI preparative regimens, and RD were significant risk factors

. for relapse (Table 2).

The cumulative incidence of NRM was significantly lower in
patients who underwent RD allo-SCT than in those who
underwent URD or CB allo-SCT (13% in RD, 23% in URD,
and 27% in CB at 3 years; P=0.0001) (Figure 1C). The results
of multivariate analysis showed that >45 years of age at allo-
SCT, JALSG intermediate or high risk, HLA partially matched
or mismatched, non-TBI preparative regimens, transplantation
between 1998 and 2004, <6 or >10 months from diagnosis to
allo-SCT, and URD were significant risk factors for NRM
(Table 2).
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Table 2. Outcomes for adult Ph(—) ALL patients undergoing myeloablative allo-SCT in CR1: multivariate analyses (N=917)
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Ph(—) ALL mdlcates Philadelphia . chromosome-negative acute lymphoblastic leukemia; allo-SCT, allogeneic stem -cell transplantatlon, CR, complete
remission; TBI, total body. irradiation; BM, bone marrow.

causes of death among patients ‘tran'splante,d in CR1 other outcomes of allo- SCT among patlents

The frequency of relapse was significantly higher in patients transplanted in CR1 ; :

who underwent RD allo-SCT (P = 0.001). Infection, organ The cumulative incidence of neutrophil recovery or platelet
failure, GVHD, and interstitial pneumonia were the major recovery was significantly lower in patients who underwent CB
causes of NRM, and the incidence of hemorrhage was . allo-SCT (neutrophil recovery: 98% in RD, 98% in URD, and
significantly higher in patients who underwent CB allo-SCT. 72% in CB at-day 100, P < 0.0001; platelet recovery::95% in RD,
(P =0.009) (Table 3). ) 91% in URD, and 81% in CB at 1 year, P <0.0001). Among CB
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