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Abstract

Although cytogenetic abnormalities at diagnosis are recognized as an important prognostic factor in patients with
Philadelphia chromosome (Ph)-negative acute lymphoblastic leukemia (ALL), the prognostic impact has not been evaluated
in allogeneic stem cell transplant (allo-SCT) recipients. Thus, we assessed 373 Ph-negative ALL patients who underwent
allo-SCT. The high-risk (HR) group included those with t(4;11), t(8;14), low hypodiploidy, and complex karyotype, and the
standard risk (SR) group included all other karyotypes. Among the 204 patients who underwent a transplant during the first
remission (167 in the SR group and 37 in the HR group), the overall survival (OS) rates were similar between these groups
(64.1% vs. 80.0% at 5 years, respectively; p =0.12). Conversely, among the 106 patients who underwent a transplant while
not in remission (84 in the SR group and 22 in the HR group), patients in the SR group showed a significantly superior OS
rate compared to the HR group (15.4% vs. 4.5% at 5 years, respectively; p = 0.022). These results suggested that treatment
outcomes of Ph-negative ALL patients with HR cytogenetic abnormalities may improve following allo-SCT, especially in
the first remission. Innovative transplant approaches are warranted in patients who are not in remission.
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Introduction

Adult Philadelphia chromosome (Ph)-negative acute
lymphoblastic leukemia (ALL) is an aggressive hemato-
logical malignancy that accounts for approximately
10-20% of adult acute leukemia. Allogeneic stem cell
transplant (allo-SCT) has held a prominent position in
treatment strategies for adult Ph-negative ALL patients
due to a more potent anti-leukemia effect than che-
motherapy [1, 2]. However, the higher rate of non-relapse
mortality (NRM) hampers the survival benefit of allo-
SCT, and the indication for allo-SCT in these patients is
controversial, especially during the first complete remis-
sion (CR1) [3, 4]. Moreover, treatment outcomes have
improved with introduction of pediatric-type chemother-
apy regimens [5-7] and targeted therapy such as ritux-
imab [8, 9] and nelalabine [10, 11]. Thus, identification of
patients who will potentially obtain a survival benefit
from allo-SCT is an emergent issue in this field.

Cytogenetic abnormality at diagnosis is one of the most
important prognostic factors in acute leukemia. In adult
acute myeloid leukemia patients, categorization of patients
into cytogenetic risk groups is a useful tool for determining
prognosis after chemotherapy [12, 13] and after allo-SCT
[14, 15]. Moorman et al. [16] showed that overall survival
(OS) rates were clearly stratified according to cytogenetic
risk groups in ALL patients, and t(4;11), t(8;14), low
hypodiploidy, and complex karyotype (five or more
abnormalities) are associated with poor survival rates in
adult Ph-negative ALL patients.

However, very few data are available regarding whether
the prognostic impact of cytogenetic abnormalities is
applicable to patients with Ph-negative ALL even after allo-
SCT. Aldoss et al. [17] evaluated the prognostic impact of
cytogenetic abnormalities on transplant outcomes in 202
adult ALL patients who underwent a transplant during the
first remission. Although no significant difference in sur-
vival rates was seen between the good/intermediate and
poor risk group, nearly half of patients included in their
study were Ph-positive ALL patients. Nishiwaki et al. [18]
identified t(4;11) and t(8;14) as unfavorable prognostic
factors in Ph-negative ALL patients undergoing allo-SCT
from related or unrelated donors during the subsequent CR
and non-CR. As their study was performed using Japanese
registry data, which could not provide complete cytogenetic
data, a complex karyotype was categorized as other
abnormalities. Therefore, a clinical study with more
precise cytogenetic data was warranted to clarify this
important issue.

To this end, we performed this large-scale retrospective
study, which compared transplant outcomes of Ph-negative
ALL patients between two cytogenetic risk groups.

Patients and methods
Study population

Of the 513 adult Ph-negative ALL patients over 15 years of
age who underwent allo-SCT for the first time between
January 2001 and December 2012 at the 23 institutions
participating in the Kanto Study Group for Cell Therapy
(KSGCT), 373 patients whose cytogenetic data at diagnosis
were available were included in this study. The study
included both B cell and T cell lineage ALL patients. The
Institutional Review Board of Gunma University approved
the protocol of this study.

Definition

Cytogenetic risk groups were defined according to the
suggestion from Moorman’s study. The high-risk (HR)
group included patients with t(4;11), t(8;14), low hypodi-
ploidy, and complex karyotype (=5e abnormalities), and the
standard-risk (SR) group included all other karyotypes [16].
CR was determined only with morphological manner.
Conditioning intensity was categorized as myeloablative
conditioning (MAC) and reduced-intensity conditioning
(RIC) according to published criteria [19].

Data collection

KSGCT is a clinical study group for SCT consisted of 23
institutions in Japan. Clinical data of the 373 patients
assessed in this study were collected from the KSGCT
database. The presence of a complex karyotype was con-
firmed with a secondary survey sent to each institution.

Statistical analysis

OS was defined as the interval from the date of transplan-
tation to the date of death. NRM was defined as any death
during continuous CR. Fisher’s exact test was used for
comparison of binary variables. OS was estimated by the
Kaplan—-Meier method and compared using the log-rank
test. Cumulative incidences (CIs) of relapse and NRM were
compared using the stratified Gray test. Multivariate ana-
lysis for OS was performed with Cox proportional hazard
model, and cytogenetic risk, age at transplant, white blood
cell count at diagnosis, donor type, HLA disparity, intensity
of conditioning regimen (MAC or RIC), and conditioning
regime with or without total body irradiation (TBI) were
included as explanatory variables. All calculations were
performed using the EZR software package (http://www.
jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed.html), and
p <0.05 was considered statistically significant [20].
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Table 1 Cytogenetic abnormalities in 373 assessed patients

Standard-risk group, n =308 n (%)
Normal 191 (62)
t(1;19) 13 (4)
Hyperdiploidy 6(2)
Others 98 (32)
High-risk group, n =106
Low hypodiploidy/near triploidy 16 (15)
t(4;11) 13 (12)
t(8;14) 4 4)
Complex (25 abnormalities) 32 (30)

Results
Study population

Of the 373 transplant recipients included in this study, 199
patients were male and 174 were female. The median age
was 34 years (range, 1666 years). Karyotypes at diagnosis
resulted in 308 patients being categorized into the SR group
and 65 patients being categorized into the HR group
(Table 1). The analysis was performed by stratifying the
study population based on disease status at the time of
transplant. Of the 373 patients, 204 underwent allo-SCT
during CR1 (167 in the SR group and 37 in the HR group),
63 during the subsequent CR (57 in the SR group and 6 in
the HR group), and 106 during non-CR (84 in the SR group
and 22 in the HR group).

Patient characteristics and transplant procedures in
CR1 patients

We found no significant difference in patient characteristics
between the SR group and the HR group (Table 2). Of the
204 patients who underwent a transplant during CR1, 75,
91, and 38 patients received a graft from related donors,
unrelated donors, and cord blood, respectively, and almost
all patients were conditioned with TBI-containing MAC
regimens. Transplant procedures also did not significantly
differ between these groups.

Transplant outcomes in CR1 patients

The OS rates were not significantly different between the
SR group and the HR group in CR patients (64.1% vs.
80.0% at 5 years, respectively; p=0.12) (Fig. la). Sig-
nificant differences were also not found in the CI of relapse
and NRM rates between the two groups (relapse: 21.1% vs.
18.0% at 5 years, respectively; p = 0.408, NRM: 18.5% vs.
8.4% at 5 years, respectively; p=0.267) (Fig. 1b, c).
Multivariate analysis of OS revealed that no factor showed
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Table 2 Patient characteristics and transplant procedures of 204
patients who underwent a transplant during CRI according to
cytogenetic risk groups

Standard risk High risk p Value
(n=167) (n=37)
Patient characteristics, n (%)

Age
<50 142 (85) 30 (81) 0.617
>50 25 (15) 7 (19)

Sex
Male 87 (52) 18 (49) 0.720
Female 80 (48) 19 (51)

WBC count
Low 96 (57) 18 (50) 0.351
High 65 (43) 18 (50)

Phenotype
B cell 127 (77) 31 (84) 0.351
T cell 37 (22) 6 (16)
Other 1 (1) 0

Transplant procedures, n (%)

Donor
Related 62 (37) 13 (35) 0.607
Unrelated 76 (46) 15 (40)
Cord blood 29 (17) 9 (25)

Conditioning
MAC 154 (92) 36 (98) 0.473
RIC 13 (8) 12
TBI 159 (96) 37 (100) 0.355
Non-TBI 8 (4) 0

CR complete remission, WBC white blood cell, MAC myeloablative
conditioning, RIC reduced-intensity conditioning, 7BI total body
irradiation

independent prognostic significance including cytogenetic
risk.

Background and transplant outcomes in subsequent
CR patients

Among the 63 patients who underwent a transplant during
the subsequent CR, we found no significant difference in
patient characteristics or transplant procedures between the
SR group and the HR group (Table 4). No significant
difference was found in the OS rates between the two
groups (49.7% vs. 40.0% at 5 years, respectively; p =
0.345). Likewise, the CI of relapse and NRM rates were
similar between the two groups (relapse: 40.5% vs. 60.0%
at 5 years, respectively; p = 0.575, NRM: 23.2% vs. 20.0%
at 5 years, respectively; p=0.771). No independent
prognostic factor was identified with multivariate
analysis of OS.
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Fig. 1 Transplant outcomes in 204 Philadelphia chromosome (Ph)-
negative acute lymphoblastic leukemia (ALL) patients who underwent
a transplant during first complete remission (CR1) stratified according

Background and transplant outcomes in non-CR
patients

We found no significant difference in patient characteristics
or transplant procedures between the SR group and the HR
group, except for female predominance in the HR group, in
the 106 patients who underwent a transplant during non-CR
(Table 3). Patients in the SR group showed a significantly
superior OS rate compared to the HR group (15.4% vs.
4.5% at 5 years, respectively; p=0.022) (Fig. 2b). We
found no significant difference in the CI of relapse between
the SR and HR groups (60.3% vs. 50.0% at 5 years,
respectively; p = 0.411), whereas the CI of NRM in the HR
group was significantly higher than that in the SR group
(24.8% vs. 45.5% at 5 years, respectively; p=0.024).
Multivariate analysis revealed that the cytogenetic risk

31 2
5 0

to the cytogenetic risk group. Overall survival (a), cumulative inci-
dence (CI) of relapse (b), and CI of non-relapse mortality (NRM) (c)

group at diagnosis was a significant factor predicting poor
OS (Table 4).

Discussion

To the best of our knowledge, this is the largest study
focusing on the prognostic impact of cytogenetic abnorm-
alities at diagnosis in allo-SCT recipients with Ph-negative
ALL. Although cytogenetic abnormalities are recognized as
one of the most important prognostic factors among patients
with Ph-negative ALL [16, 21, 22], its prognostic impact
has not been precisely evaluated in transplant recipients to
date. The OS rate of patients in the HR group who under-
went a transplant during CR1 was similar to that of the SR
group, showing a S5-year OS rate of up to 80%. As the
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Table 3 Patient characteristics

and transplant procedures for 63 Subsequent CR Non-CR
patients who underwent a Standard risk High risk p Value Standard risk High risk p Value
transplant during subsequent CR (n=>57) (n=6) (n = 84) (n =22)
and 106 patients who underwent
a transplant during non-CR Patient characteristics, n (%)
a.ccording to cytogenetic Age
risk groups
<50 51 (89) 6 (100) 1 78 (93) 19 (86) 0.389
>50 6 (11) 0 6 (7 3 (14)
Sex
Male 29 (51) 4 (67) 0.674 54 (64) 7 (32) 0.008
Female 28 (49) 2 (33) 30 (36) 15 (68)
WBC count
Low 41 (77) 5 (83) 1 46 (61) 11 (55) 0.799
High 12 (23) 1(17) 30 (39) 9 (45)
Phenotype
B cell 43 (75) 5 (83) 1 48 (58) 15 (75) 0.483
T cell 13 (23) 1(17) 33 (40) 5 (25)
Other 1) 0 2(2) 0
Transplant procedures, n (%)
Donor
Related 16 (28) 2 (33) 0.757 31 (37) 5(23) 0.319
Unrelated 26 (46) 2 (33) 37 (44) 10 (45)
Cord blood 15 (26) 2 (33) 16 (19) 7 (32) 0.68
Conditioning
MAC 52 91) 5(83) 1 74 (90) 21 (95)
RIC 50) 0 8 (10) 1(5
TBI 55 (96) 6 (100) 1 80 (95) 20 91) 0.602
Non-TBI 2 (4) 0 4(5) 209)
CR complete remission, WBC white blood cell, MAC myeloablative conditioning, RIC reduced-intensity
conditioning, 7BI total body irradiation
a 1.0 -+ b 1.0
0.8 P=0.345 0.8 f
'g e Standard risk (n = 57) é 06 7 P=0.022
g 0.4 oo g 0.4 -
High risk (n = 6)
0.2 0.2 Standard risk (n = 84)
0.0 P * High risk (n = 22)
0 20 40 60 80 100 120 140 0 2|0 4‘0 6I0 slo 1(;0 12‘0 14‘10

Time after transplant (months)
Number at risk

Standard risk 57 38 25 19 15 9 6 1
High risk 6 3 2 1 0 0 0 0

Fig. 2 Overall survival in 63 Philadelphia chromosome (Ph)-negative
acute lymphoblastic leukemia (ALL) patients who underwent a
transplant during subsequent complete remission (CR) (a) and 106
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Number at risk
Standard risk 84 24
High risk 22 3

Time after transplant (months)

13 9
1 1

6 5 2 0
1 0 0 0

patients who underwent a transplant during non-CR (b) stratified
according to the cytogenetic risk group
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Table 4 Multivariate analysis of overall survival in 106 patients who
underwent a transplant during non-CR

Hazard risk Lower 95% Upper 95% p Value
confidence  confidence
interval interval
Cytogenetic risk
Standard Ref.
High 1.76 1.08 2.88 0.024

CR complete remission

equality of the CR rates between the two groups was
described in several studies, the higher incidence of relapse
was considered to contribute to unfavorable outcomes in the
HR group [21, 22]. Therefore, if a suitable donor is avail-
able, allo-SCT in the early phase of the clinical course
potentially improves the prognosis of the HR group, just
like Ph-positive ALL in the pre-imatinib era [23, 24].

Improvement in treatment outcomes was recently
described in younger adult patients with Ph-negative ALL
treated with pediatric-type regimens, which contain
increased doses of vincristine and 1-asparaginase [5—7]. And
now, it is aggressively investigated whether pediatric-type
regimens is applicable to elderly patients. Thus, the indi-
cation of allo-SCT in patients treated with pediatric-type
regimens should be reevaluated in the near future. Fur-
thermore, the minimal residual disease (MRD) status clearly
stratifies treatment outcomes in Ph-negative ALL patients
[25, 26]. Although the status of MRD was not available for
the analysis in our study, its impact should be considered on
deciding the indication of allo-SCT.

Although the effectiveness of allo-SCT was shown even
in patients in the HR group who underwent a transplant
during CRI1, four types of cytogenetic abnormalities were
assessed together in this study. However, patients with each
abnormality are considered to possess distinctive clinical
courses. For instance, the majority of relapses reportedly
occur within a year after diagnosis in patients with t(4;11)
and t(8;14) [16]. Thus, patients with each abnormality
should be assessed separately, but the small number of
patients in this study with each abnormality hampered this
important analysis. A further study with a larger number of
subjects is warranted.

Conversely, transplant outcomes of patients who under-
went a transplant during non-CR were extremely poor,
especially those in the HR group who showed a 5-year OS
rate of <5%. Current transplant procedures are considered
unsatisfactory in this population. Thus, a tailored treatment
strategy should be urgently developed that includes inten-
sification of conditioning regimens, post-transplant main-
tenance therapies, and incorporation of molecular targeting
strategies into allo-SCT, such as blinatumomab and chi-
meric antigen receptor T cells, which show a potent anti-

leukemic effect in patients with CD19-positive ALL
[27, 28].

In conclusion, our findings suggested that the transplant
outcomes of adult Ph-negative ALL patients in the HR
group were comparable to those of patients in the SR group
when a transplant is performed during CR1. Based on our
data, we strongly recommend performing a transplant for
Ph-negative ALL patients with HR cytogenetic abnormal-
ities early in the disease course, preferably during CR1, as
the transplant outcome of patients not in remission was
dismal. Innovative transplant approaches are clearly war-
ranted to improve the transplant outcome of patients,
especially HR patients with cytogenetic abnormalities who
are not in remission.
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