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Background/Aims: The objective of this study was to evaluate the efficacy and fea-
sibility of the pediatric-inspired regimen of the adult acute lymphoblastic leuke-
mia (ALL) Working Party, the Korean Society of Hematology.

Methods: Data of 99 patients with newly diagnosed ALL, who were treated with
the KALLA 1406/1407 protocol, were retrospectively analyzed. All patients equally
received age-adjusted daunorubicin, vincristine, and prednisolone. L-asparagi-
nase was additionally administered to Philadelphia (Ph)-negative patients accord-
ing to age, whereas Ph-positive patients received 600 mg/day of imatinib.

Results: A total of 99 patients were enrolled in this study, of whom 62 (62.6%)
were diagnosed with Ph-negative ALL and 37 (37.3%) were diagnosed with Ph-pos-
itive ALL. The median age of patients in the Ph-negative ALL group was 46 years,
and that of patients in the Ph-positive ALL group was 49 years. In patients with
Ph-negative ALL, 57 (92%) patients achieved complete remission (CR) and CR with
incomplete hematologic recovery (CRi). Disease-free survival (DFS) and overall
survival (OS) rates at 2 years were estimated to be 42% and 63%, respectively. In
patients with Ph-positive ALL, 32 (86%) patients achieved CR/CRi, and 2-year DFS
and OS were 31.2% and 49.1%, respectively. Patients who were able to proceed to
the allogeneic hematopoietic cell transplantation and younger patients showed
significantly superior survival in both Ph-negative ALL and Ph-positive ALL. Neu-
tropenic fever and bacterial infection were the most common and severe adverse
events.

Conclusions: The KALLA 1406/1407 protocol showed tolerable toxicities in adult
ALL patients. Especially, younger patients had more survival benefits with KALLA
1406/1407 protocol.

Keywords: Precursor cell lymphoblastic leukemia-lymphoma; Drug therapy; As-
paraginase; Stem cell transplantation
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INTRODUCTION

Survival outcomes in patients with acute lymphoblastic
leukemia (ALL) have demonstrated improvement in the
past few decades [1]. Since the introduction of the Ber-
lin-Frankfurt-Miinster regimen for pediatric patients,
the 5-year event-free survival and overall survival (OS)
rates were up to 85% and 9o0%, respectively, in children
with ALL [2,3]. However, in cases of adult ALL, there
are still disappointing outcomes [4]. Although > 80% of
adults with ALL achieve complete remission (CR) after
induction chemotherapy, a significant proportion of
them experience a relapse that results in to poor surviv-
al outcomes [5-7].

In recent years, the standard treatment for adult ALL
has been typically based on pediatric ALL regimens that
include vincristine, anthracycline, corticosteroid, and/
or L-asparaginase with or without cyclophosphamide
[8-10]. For improving the long-term survival in adult
patients with ALL, several clinical trials have explored
the effectiveness of various regimens that modified the
dosage or schedules of pediatric regimens [11,12]. The
Adult Acute Lymphoblastic Leukemia Working Party of
the Korean Society of Hematology (KAALLWP) conduct-
ed the phase II clinical study to investigate the effect
of higher doses of daunorubicin during the induction
cycle in adult patients with Philadelphia (Ph)-negative
ALL. The CR rate (88.5%) was found to be comparable
to that of previous reports, but the long-term outcomes
were unsatisfactory with a 3-year OS rate of 46.1% and a
3-year relapse-free survival rate of 43.1%, thus suggesting
the need for stronger postremission strategies [13].

Meanwhile, higher doses of glucocorticoids and L-as-
paraginase have also been reported to play key roles in
the contemporary regimens of pediatric patients [14-16].
Moreover, addition of late intensification and repeated
courses of methotrexate after remission were reported
as critical components in the treatment of pediatric re-
missions [17-19]. The Group for Research on Adult Acute
Lymphoblastic Leukemia (GRAALL) 2003 study demon-
strated that increased doses of prednisone and L-as-
paraginase yielded significantly better results in adults
with Ph-negative ALL; thus, suggesting that the pediat-
ric therapy-based intensified protocol was promising in
adults with ALL having relatively tolerable toxicities [20].
Although delayed intensification has not been validated
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in many studies for adult patients, it might also contrib-
ute to enhancing the positive outcomes in adult patients
with ALL [21,22].

Therefore, the KAALLWP has proposed a new treat-
ment protocol termed KALLA 1406 for Ph-negative and
KALLA 1407 for Ph-positive patients with ALL, which
added the concept of delayed intensification along with
increased doses of L-asparaginase to reduce disease re-
lapse. The present study retrospectively analyzed the ef-
ficacy and tolerability of KALLA 1406/1407 regimens on
adults with newly diagnosed ALL.

METHODS

Patients
The KALLA 1406/1407 regimens have been implement-
ed from April 2014 to April 2019 at six centers in Korea.
ALL was diagnosed and classified based on the World
Health Organization’s classification through bone mar-
row examination and cytogenetic studies [23]. Inclu-
sion criteria were patients aged = 15 years, eligible for
intensive chemotherapy with an Eastern Cooperative
Oncology Group performance status of =< 2, and with
adequate organ functions. Patients were required to
have adequate cardiac function (ejection fraction > 45%)
as evaluated by and echocardiogram. Adequate kidney
function (creatinine level < 1.5 mg/dL) and liver function
(bilirubin level < 1.5 mg/dL; transaminases levels less
than three times the upper normal limit) were also re-
quired, unless attributable to leukemia. The exclusion
criterion was patients with an uncontrolled infection
or uncontrolled illnesses and having been treated with
other investigational agents. This study was approved by
the Institutional Review Board of Kyungpook National
University Hospital (KNUH 2019-10-003) and each other
participating center. Informed consent by the patients
was waived due to the retrospective nature of our study.
All procedures in this study that involved human par-
ticipants were performed in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Declaration of Helsinki
and its later amendments or comparable ethical stan-
dards.

Cytogenetic abnormalities were categorized based on
previous studies as follows [24,25]: (1) good-risk group:
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hyperdiploid (> 50 chromosomes), trisomy of chromo-
some 4, 10, or 17, t(12;21)(p13;q22): ETV6-RUNXa, t(1;19)
(q23;p13): TCF3-PBX1; (2) poor-risk group: hypodiploi-
dy (< 44 chromosomes), t(v;11q23), t(11;19): KMT2A rear-
ranged, t(9;22)(q34;q11.2): BCR-ABL1, complex karyotype
(five or more chromosomal abnormalities), Ph-like
ALL; intrachromosomal amplification of chromosome
21; and (3) intermediate-risk group: other patients with
normal karyotypes. Significant prognostic factors based
on past medical history were also considered according
to early prospective multicenter studies. Patients aged =
35 years with poor cytogenetic abnormalities, higher ini-
tial white blood cell (WBC) count (30.0 x 103/pL for B-cell
lineage, > 100.0 x 103/pL for T-cell lineage), and central
nervous system (CNS) involvement were defined as the
high risk group [5,26].

Treatment

The treatment schedule is shown in Table 1. Briefly,
the KALLA 1406/1407 regimens consisted of induction
and two cycles of consolidation followed by delayed in-
tensification plus two additional consolidation cycles.
During the induction chemotherapy, patients aged < 55
years received 60 mg/m?/day of daunorubicin on days
1-3; 2 mg of vincristine on days 1, 8, 15, and 22; and 60
mg/m?/day of prednisolone on days 1—21. Patients aged >
55 years received 45 mg/m?/day of daunorubicin on days
1-3; 2 mg of vincristine on days 1 and 15; and 60 mg/m?/
day of prednisolone on days 1-14. Patients with Ph-pos-
itive ALL received 600 mg/day of imatinib from day 8,
whereas those with Ph-negative ALL received intramus-
cular or subcutaneous L-asparaginase on days 17, 19, 21,
23, 25, and 27 according to their respective age (age 15 to
24 years, 10,000 U/m?/day; age 25 to 54 years, 6,000 U/m?/
day; and age = 55 years, 4,000 U/m?/day). Bone marrow
aspiration and biopsy were performed on days 14 and
28 of induction chemotherapy to evaluate the response
of treatment. CNS prophylaxis was performed using 15
mg of intrathecal methotrexate (IT-MTX) with 50 mg of’
hydrocortisone during each chemotherapy course con-
sidering the patients’ conditions.

Postremission therapies were administered no sooner
than every 28 days or 1 week after marrow recovery (ab-
solute neutrophil count [ANC] = 1.5 x 103/pL and platelet
(PLT) count = 100 x 103/pL in the peripheral blood), and
they could be delayed if patients had a severe infection
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or any other significant condition. Patients received
consolidation and delayed intensification chemother-
apy according to their age and treatment schedule.
Intravenous leucovorin rescue was conducted imme-
diately after MTX administration. Patients with Ph-pos-
itive ALL were maintained on 600 mg/day of imatinib,
whereas those with Ph-negative ALL received L-aspara-
ginase according to their age and schedule. For patients
with Ph-positive ALL, tyrosine kinase inhibitor (TKI)
could be changed to dasatinib if they had an adverse
event associated with imatinib. Patients with hemato-
logic relapse received salvage therapy followed by allo-
geneic hematopoietic cell transplantation (allo-HCT)
if they achieved CR. For patients with Ph-positive ALL
who showed molecular relapse, TKI was changed to da-
satinib or ponatinib based on the mutational status, and
allo-HCT was considered after they achieved secondary
CR. Patients who discontinued the study because of an
adverse event or other reasons received treatment at the
discretion of the investigator.

Allo-HCT or maintenance therapy

During the consolidation chemotherapy, patients who
had a human leukocyte antigen-matched sibling or un-
related donors were considered to proceed for allo-HCT.
Donor selection, conditioning regimen, and graft-ver-
sus-host disease prophylaxis were decided according
to the investigator’s choice. Patients who completed
the consolidation chemotherapy and did not undergo
allo-HCT received maintenance chemotherapy consist-
ing of 60 mg/m? of 6-mercaptopurine per oral (PO) on
days 1 to 28; 20 mg/m?* of MTX PO on days 1, 8, 15, and 22
for a maximum of 2 years for Ph-negative ALL; and TKI
for at least 2 years for Ph-positive ALL.

Response assessment

CR was defined as fulfilling all the following response
criteria for at least 4 weeks: (1) < 5% blasts in the bone
marrow and disappearance of bone marrow chromo-
somal abnormality; (2) = 20% cellularity in the bone
marrow biopsy with normal maturation of all cell lines;
(3) absence of leukemia blasts in the peripheral blood;
(4) ANC = 1,000/pL and PLT count = 100,000/uL with
independent transfusion; and (5) no evidence of extra-
medullary involvement of CNS or soft tissue. CR with
incomplete hematologic recovery (CRi) was defined as
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Table 1. Treatment schedule

Schedule Drug Age, yr Administration
Induction (cycle 1) Daunorubicin 15-54 60 mg/m?/day IV, days 1-3
=55 45 mg/m?/day IV, days 1-3
Vincristine 15-54 2mg/day IV, days 1, 8, 15, and 22
=55 2 mg/day IV, days 1, and 15
Prednisolone 15-54 60 mg/m?*/day PO, days 1—21
=55 60 mg/m?*/day PO, days 1-14
Cyclophosphamide® 15-54 750 mg/m?/day IV, day 15
=55 500 mg/m?/day IV, day 15

L-Asparaginase (Ph-negative) 15-24 10,000 U/m?*/day, IM, days 17, 19, 21, 23, 25, and 27
25-54 6,000 U/m?*/day, IM, days 17, 19, 21, 23, 25, and 27

=55 4,000 Ujm?/day, IM, days 17, 19, 21, 23, 25, and 27
Imatinib (Ph-positive) 600 mg/day PO, days 8~
Consolidation A MTX 15-54 2,380 mg/m? IV, days 1-2, and 15-16
(cycle 2, 5)
=55 2,380 mg/m* IV, days 1—2
Dexamethasone 15-54 20 mg/ m?*/day IV, days 1—2, and 15-16
=55 20 mg/ m*/day IV, days 1—2
Imatinib (Ph-positive) 600 mg/day PO, everyday
Consolidation B (cycle 3, 6) Cytarabine 15-54 60 mg/m?/day IV, days 1—4
=55 45 mg/m?/day IV, days 1—4
Cyclophosphamide 15-54 750 mg/m?/day IV, day 1
=55 500 mg/m*/day IV, days 1
L-Asparaginase (Ph-negative) 15—24 10,000 U/m?*/day, IM, days 17, 19, 21, 23, 25, and 27
25-54 6,000 Ujm?®/day, IM, days 17, 19, 21, 23, 25, and 27
=55 4,000 Ufm?®/day, IM, days 17, 19, 21, 23, 25, and 27
Imatinib (Ph-positive) 600 mg/day PO, everyday
Delayed Intensification (cycle 4) Daunorubicin 45 mg/m®/day IV, days 1-2
Vincristine 2 mg/day IV, days 1, and 8
Dexamethasone 20 mg/m?/day IV, days 1—2, and 15-16
Cyclophosphamide 15-54 750 mg/m?/day IV, day 3
=55 500 mg/m?/day IV, day 3
L-Asparaginase (Ph-negative) 15-24 10,000 U/m?*/day, IM, days 1, 3, 5, and 7
25-54 6,000 U/m?/day, IM, days 1, 3, 5, and 7
=55 4,000 U/m?®/day, IM, days 1, 3, 5, and 7
Imatinib (Ph-positive) 600 mg/day PO, everyday
Maintenance 6-MP 60 mg/m? PO, days 1-28
MTX 20 mg/m® PO, days 1, 8, 15, and 22

IV, intravenous; PO, per oral; Ph, Philadelphia; IM, intramuscular; MTX, methotrexate; MP, mercaptopurine.
For delayed responder: D + 14 bone marrow shows residual leukemic blast > 5% or cellularity > 15%.
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fulfilling all the following response criteria for at least
4 weeks: (1) < 5% blasts in the bone marrow and disap-
pearance of bone marrow chromosomal abnormality; (2)
= 20% cellularity in the bone marrow biopsy with nor-
mal maturation of all cell lines; (3) absence of leukemia
blasts in the peripheral blood; (4) independent transfu-
sion; and (5) no evidence of extramedullary involvement
of CNS or soft tissue. Relapse was defined as the recur-
rence of disease after achieving CR with = 5% blasts in
the bone marrow or blasts in the peripheral blood, or the
evidence of newly appeared extramedullary involvement.
Patients who never achieved CR or CRi were considered
as refractory. Adverse events of chemotherapy were grad-
ed according to the Common Terminology Criteria for
Adverse Events version 5.0 (NIH, Bethesda, MD, USA).

Statistical analysis

Categorical variables were summarized by counts with
proportion, whereas continuous variables were de-
scribed by their median with range. Categorical vari-
ables were analyzed using the chi-square and Fisher’s
exact tests. Continuous variables were compared using
the Wilcoxon rank-sum test. OS was defined as the time
from diagnosis to death from any cause or the last fol-
low-up. Disease-free survival (DFS) was estimated from
the time of treatment to disease progression or death.
The probabilities of OS and DFS were calculated using
the Kaplan-Meier method and compared using the log-
rank test. The Mantel-Byar test and Simon and Makuch
method were used to evaluate the time-dependent co-
variate approach for allo-HCT. Cox regression model
was used for identifying the factors for long-term sur-
vival. Factors with a p value of < o.1 in the univariate
analysis were included in the multivariate analysis. The
hazard ratio (HR) and 95% confidence interval (CI) were
estimated for each factor. A p value of < 0.05 was con-
sidered to be statistically significant. Statistical analyses
were conducted using the R statistical software 3.6.2 (the
R foundation for Statistical Computing, Vienna, Austria,
available at http://www.r-project.org).

RESULTS

Patient characteristics
A total of g9 patients were enrolled in this study, of
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whom 62 (62.6%) were diagnosed with Ph-negative ALL
and 37 (37.3%) were diagnosed with Ph-positive ALL. The
median age of patients in the Ph-negative ALL group
was 46 years, and that of patients in the Ph-positive ALL
group was 49 years. Those with Ph-positive ALL tended
to be older than Ph-negative ALL (p = 0.051). All patients
with Ph-positive ALL were classified into the poor cyto-
genetic risk group because of the presence of t(9:22) or
BCR-ABL1. In the Ph-negative ALL group, only 13 (21%)
patients had poor-risk cytogenetics. The median WBC
count at diagnosis was 11.9 x 103/pL (range, 0.27 to 442.8),
and 31 (31%) patients had a WBC count of > 30.0 x 103/
pL. The proportion of elevated WBC count was higher
in patients with Ph-positive ALL than in patients with
Ph-negative ALL. Lymph node involvement and CNS in-
vasion were identified in 18 (18%) and six (6%) patients,
respectively. All patients with Ph-positive ALL and 49
(79.0%) patients with Ph-negative ALL were classified
into the high-risk group in this study. Table 2 summa-
rizes the detailed baseline characteristics of the study
patients.

Response to induction therapy

All patients equally received age-adjusted daunorubi-
cin, vincristine, and prednisolone. 1-asparaginase was
additionally administered to 62 patients with Ph-neg-
ative ALL according to their age, whereas 37 patients
with Ph-positive ALL received 600 mg/day of imatinib.
Among patients with Ph-negative ALL, 38 (61%) achieved
CR and 19 (31%) achieved CRi, whereas one (2%) patient
had primary refractory disease after induction chemo-
therapy. Mortality was observed in three (5%) patients,
including two due to infection and one due to liver fail-
ure. The overall response rate (ORR) was 92%, and age <
50 years (p < 0.001), male (p < 0.001), WBC count < 30.0 x
103/pL (p < 0.001), normal lactate dehydrogenase level (p =
0.004), and absence of extramedullary disease (p < o0.001)
were identified as the significant factors for achieving
CR/CRi.

Among patients with Ph-positive ALL, 23 (62%)
achieved CR and nine (24%) achieved CRi after induc-
tion chemotherapy. One (3%) patient had primary re-
fractory disease, and death occurred in three (8%) pa-
tients, including two due to infection and one due to
uncontrolled disease burden. The ORR of patients with
age < 40 years (p = 0.028), male (p = 0.002), WBC count
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Table 2. Patient characteristics
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Characteristic Total Ph-negative ALL Ph-positive ALL el
(n=99) (n=62) (n=37)
Age, yr 47 (17-82) 46 (17-82) 49 (20-73) 0.051
<25 17 (17.2) 16 (25.8) 1(2)
=25and <55 46 (46.4) 27 (43.5) 19 (51.4)
=55 36(36.4) 19 (30.6) 17 (45.9)
Sex 0364
Male 49 (50) 28 (45) 21(57)
Female 50 (50) 34 (55) 16 (43)
BM blasts, % 90 (21-99.8) 903 (23-99.8) 90 (21-99.4) 0.104
Cytogenetic risk groups® <0.001
Good risk 7(7) 7(12) o
Intermediate risk 42 (42) 42 (68) o
Poor risk 50 (51) 13 (21) 37 (100)
WBC, x 103/uL 11.9 (0.27-442.8) 10.1(0.27-339.2) 21.3 (2.8-442.8) 0.007
<30.0 68 (69) 49 (79) 19 (51.4)
=30.0 31(31) 13 (21) 18 (48.6)
Increased LDH 73 (74) 43 (69) 30 (81) 0.295
Extramedullary involvement 0.302
Lymph nodes 18 (18) 14 (23) 4(11)
CNS 6(6) 3(5) 3(8)
No. of cycles 3(1-6) 3(1-6) 3 (1-6) 0.006
Response to induction 0.908
CR 61 (62) 38 (61) 23 (62)
CRi 28 (28) 19 (31) 9(24)
Primary refractory 2(2) 1(2) 1(3)
Death 6(6) 3(5) 3(8)
Unknown or missing data 2.(2) 1(2) 1(3)
Allogeneic HCT 39 (39) 25(40) 14(38) 0.974
Relapse 63 (64) 39 (63) 24 (65) 1.000
Death 41 (41) 25 (40) 16 (43) 0.941

Values are presented as median (range) or number (%). Good risk: hyperdiploidy (> 50 chromosomes); triosomy of chromosome
4, 10, or 17; t(12;21)(p13;q22): ETV6-RUNX1; t(1;19)(q23;p13): TCF3-PBX1. Poor risk: Hypodiploidy (< 44 chromosomes); t(v;11q23)
(e.g., t(4;11) and others), t(11;19): KM T2A rearranged; t(9;22)(q34;q11.2): BCR-ABL1; complex karyotype (5 or more chromosomal
abnormalities); Ph-like ALL; intrachromosomal amplification of chromosome 21 (1IAMP21). Intermediate risk: the others with
normal karyotypes.

Ph, Philadelphia; ALL, acute lymphoblastic leukemia; BM, bone marrow; WBC, white blood cell; LDH, lactate dehydrogenase;
CNS, central nervous system; CR, complete remission; CRi, complete remission with incomplete hematologic recovery; HCT,
hematopoietic cell transplantation.

Cytogenetic risk groups for ALL.

< 30.0 x 103[pL (p < 0.001), and without extramedullary out these factors. No statistically significant differences

disease (p < 0.001) was higher than that of patients with- were observed in ORR, as well as the incidence of in-
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duction failure and death, between the Ph-negative and
Ph-positive ALL groups (Fig. 1).

Response rate according to diagnosis

p=0908
100—
807 30.65
: 24.32
E‘_)
= 60—
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Figure 1. The overall response rate (ORR) according to the
diagnosis. Complete remission (CR) and CR with incomplete
hematologic recovery (CRi) were not significantly different
between patients with Philadelphia (Ph)-positive acute lym-
phoblastic leukemia (ALL) and those with Ph-negative ALL.

KJIM™

Long-term outcomes of Ph-negative ALL

Overall, 62 patients with Ph-negative ALL received a me-
dian of three cycles of the KALLA 1406 regimen, and 25
(40.3%) patients underwent frontline allo-HCT. Supple-
mentary Fig. 1 shows the flowchart of all patients. With
a median follow-up of 245 months, 39 (63%) patients
experienced disease relapse and 25 (40%) patients died
during the treatment. The rates of DFS and OS at 2 years
in patients with Ph-negative ALL were 42% (95% CI,
29.3% t0 54.4%) and 63% (95% CI, 49.2% to 74.3%), respec-
tively (Supplementary Fig. 2). In the multivariate anal-
ysis, age < 50 years (HR, 2.251; p = 0.046), WBC count <
30.0 (x 103/pL) (HR, 2.501; p = 0.032), KALLA regimen of =
3 cycles (HR, 0.535; p < 0.001), and allo-HCT (HR, 0.152; p
< 0.007) were identified as the favorable factors for DFS.
Age < 50 years (HR, 3.215; p = 0.007), WBC count < 30.0 (x
103/uL) (HR, 3.130; p = 0.012), and allo-HCT (HR, 0.647; p =
0.005) were identified as the significant factors for better
OS, whereas extramedullary involvement was identified
as the unfavorable factor for survival (HR, 2.384; p = 0.032)
(Table 3).

Long-term outcomes of Ph-positive ALL

A median of three cycles of the KALLA 1407 regimen
were administered to 37 patients with Ph-positive ALL.
Allo-HCT was administered to 14 patients after they
achieved remission. With a median follow-up duration

Table 3. Factors affecting long-term survival in patients with Philadelphia-negative ALL

Variable Univariate Multivariate
HR 95% CI pvalue HR 95% CI pvalue
Disease-free survival
Age =50 yIr vs. <50 yr 2.962 1.542—5.692 0.001 2.251 1.013—4.999 0.046
WBC = 30.0 (x 10*/pL) vs. < 30.0 (x 103/uL) 2.176 1.045-4.528 0.038 2.501 1.082-6.205 0.032
Extramedullary involvement vs. none 2.775 1.394-5.523 0.004 2.228 0.954—5.201 0.064
KALLA cycles =3 vs. <3 0.687 0.545—0.867 0.001 0.535 0.409-0.699 <0.001
Allogeneic HCT vs. none 0.403 0.203-0.799 0.007 0.152 0.062—0.368 <0.001
Overall survival
Age =50 yr vs. <50 yr 2.493 1.133-5.498 0.023 3.215 1.386-7.455 0.007
WBC = 30.0 (x 10*/pL) vs. < 30.0 (x 103/uL) 3.237 1.399-7.486 0.006 3.130 1.284-7.634 0.012
Extramedullary involvement vs. none 1.786 0.900-3.546 0.097 2384 1.080-5.260 0.032
Allogeneic HCT vs. none 0.6017 0.461-0.828 0.021 0.647 0.476-0.880 0.005

ALL, acute lymphoblastic leukemia; HR, hazard ratio; CI, confidence interval; WBC, white blood cell; HCT, hematopoietic cell

transplantation.
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Figure 2. Kaplan—Meier curves according to the diagnosis. There were no statistically significant differences in long-term
survival outcomes in terms of (A) disease-free survival (DFS) and (B) overall survival (OS) in patients who received the KALLA
1406/1407 regimens. Ph, Philadelphia; ALL, acute lymphoblastic leukemia.

Table 4. Factors affecting long-term survival in patients with Philadelphia-positive ALL

Variable Univariate Multivariate
HR 95% CI pvalue HR 95% CI pvalue
Disease-free survival
Age = 40 yrvs. <40 yr 3.126 0.925-10.560 0.067 5.616 1.401-22.498 0.015
WBC = 30.0 (x 103/pL) vs. <30.0 (x 103/pL) 1.997 0.869-3.589 0.075 2.080  0.601-3.915 0.115
KALLA cycles =3 vs. <3 0.603 0.387-0.939 0.025 0.384 0.244-0.603 <0.001
Allogeneic HCT vs. none 0.116 0.038-0356 <o0.001 0.046 0.012—0.175 <0.001
Overall survival
Age = 40 yrvs. <40 yr 2.521 0.915-6.949 0.074 2.004  0.970-1.906 0.057
WBC = 30.0 (x 103[pL) vs. <30.0 (x 103/pL) 1.237 1.009-3.056 0.047 1317 0.493-3.520 0.288
KALLA cycles =3 vs.<3 0.619 0.374-1.026 0.063 0.616 0.397-0.955 0.030
Allogeneic HCT vs. none 0.211 0.0590—0.749 0.016 0.277 0.074—0.536 0.006

ALL, acute lymphoblastic leukemia; HR, hazard ratio; CI, confidence interval; WBC, white blood cell; HCT, hematopoietic cell

transplantation.

of 26 months, the cumulative incidence rates of relapse
and death were 65% and 43%, respectively. The estimat-
ed 2-year DFS and OS rates were 31.2% (95% CI, 16.2% to
47.6%) and 49.1% (95% CI, 30.2% to 65.5%), respectively
(Supplementary Fig. 3). However, no statistically signifi-
cant differences were observed between the Ph-negative
and Ph-positive ALL groups with regard to long-term
survival rates (Fig. 2). In the multivariate analysis, age <
4o years (HR, 5.616; p = 0.015), KALLA regimen of = 3 cy-
cles (HR, 0.384; p < 0.001), and allo-HCT (HR, 0.061; p <
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o.o01) were identified as the favorable factors for DFS,
whereas KALLA regimen of = 3 cycles (HR, 0.616; p = 0.03)
and allo-HCT (HR, o0.277; p = 0.006) were identified as
the significant factors for better OS (Table 4).

Adverse events

Cytopenia was the most common hematologic adverse
event that occurred during induction chemotherapy. All
patients received red blood cell and PLT transfusion. At
least one dose of granulocyte-colony stimulating factor
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was also administered to the majority of patients after
induction therapy. Regarding nonhematologic adverse
events, neutropenic fever (41.4%) and bacterial infection
(26.3%) were the most common and severe (grades = 3)
(Table 5). The frequency of adverse events in the Ph-neg-
ative ALL group was in the order of neutropenic fever,
abnormal liver function, and bacterial infection, and that
in the Ph-positive ALL group was in the order of neu-
tropenic fever, bacterial infection, and fungal infection.
Nausea, vomiting, diarrhea, abnormal renal function,
and cardiac toxicity were the minor events. Six patients
(four with Ph-negative ALL and two with Ph-positive
ALL) discontinued the KALLA regimen after achieving
CR/CRIi by induction therapy due to toxicities. The fre-
quency of adverse events tended to be higher in patients
aged > 40 years. The incidence rates of severe events and

Table 5. Toxicities during induction chemotherapy

KJIM™

death were also higher in patients with advanced age.
The adverse events that occurred during consolidation
therapies were manageable, and severe events were rare.

Impact of allo-HCT

A total of 25 (40%) patients with Ph-negative ALL un-
derwent frontline allo-HCT, and 14 (38%) patients with
Ph-positive ALL received allo-HCT. Patients who could
proceed to allo-HCT' exhibited significantly superior
survival in terms of DFS and OS in both the Ph-nega-
tive and Ph-positive ALL groups (Fig. 3). Among those
with Ph-negative ALL, 12 (48.0%) had disease relapse,
and the median duration from stem cell transplanta-
tion to relapse was 10.3 months. Of the 14 patients with
Ph-positive ALL, five (35.7%) experienced relapse with

Total (n = 99)

Ph-negative ALL (n = 62)

Ph-positive ALL (n =3y)

Totalno. % Grade=3 % Totalno. % Grade=3 % ‘Totalno. % Grade=3 %
Bacterial 26 263 25 25.3 16 25.8 15 24.2 10 27.0 10 27.0
infection
Fungal infection 15 15.2 13 13.1 7 113 6 9.7 8 21.6 7 18.9
Viral infection 1 1.0 1 1.0 o o o o) 1 2.7 1 2.7
Neutropenic 41 41.4 34 343 24 387 19 30.6 17 45.9 15 40.5
fever
Bleeding 2 2.0 1 1.0 o o o o 2 5.4 1 2.7
Abnormal liver 26 2623 1 1.1 20 32.3 7 11.3 6 16.2 4 10.8
function
Abnormal renal 5 5.1 3 3.0 2 3.2 1 1.6 3 8.1 2 5.4
function
Abnormal heart 5 5.1 3 3.0 2 3.2 1 1.6 3 8.1 2 5.4
function
Pancreatitis 3 3.0 1 1.0 2 3.2 1 1.6 1 2.7 o o
Skin rash 1 1.0 o 0.0 1 1.6 o o o o o o
Constipation 2 2.0 o 0.0 1 1.6 o o 1 2.7 o o
Tleus 2 2.0 2 2.0 o o o o o o o o
Diarrhea 6 6.1 1 1.0 3 4.8 o o 3 8.1 1 2.7
Nausea 10 10.1 2 0.0 7 113 1 1.6 3 8.1 o o
Vomiting 6 6.1 2 1.0 4 6.5 1 1.6 2 5.4 1 2.7
Peripheral 3 3.0 o 0.0 2 32 © o 1 2.7 o) o
neuropathy
DIC 2 2.0 o 0.0 1 1.6 o [ 1 2.7 o
Death 6 6.1 6 6.1 3 4.8 3 4.8 3 8.1 3 8.1

ALL, acute lymphoblastic leukemia; DIC, disseminated intravascular coagulation.
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Figure 3. Kaplan—Meier curves according to the allogeneic hematopoietic cell transplantation (Allo-HCT). Allo-HCT was sig-

nificantly associated with (A) disease-free survival (DFS) and (B) overall survival (OS) in Philadelphia (Ph)-negative acute lym-
phoblastic leukemia (ALL) and (C) DFS and (D) OS in Ph-positive ALL.

11.1 months of median remission duration.

Outcomes according to the age

In the Ph-negative ALL group, the most significant cut-
off'age for DFS (p < 0.001) and OS (p = 0.019) was 50 years.
The 2-year DFS and OS rates in younger patients (age
< 50 years) were 52.8% and 71.4%, respectively, whereas
those in older patients (age = 50 years) were 25.4% and
50.4%, respectively. In the Ph-positive ALL group, pa-
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tients aged < 4o years showed a tendency toward better
DEFS (p = 0.053) and OS (p = 0.065). The 2-year rates of DFS
and OS in younger patients (age < 40 years) were 64.9%
and 77.9%, respectively, wheres those in older patients
(age = 50 years) were 19.8% and 39.3%, respectively (Fig. 4).

The incidence of adverse events was higher in the
older age subgroup, especially that of neutropenic fe-
ver. Mortality occurred in five patients in the older age
group, including three due to infection, one due to un-

https://doi.org/10.3904/kjim.2021.028
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Figure 4. Kaplan—Meier curves according to the cut-off age. Patients with Philadelphia (Ph)-negative acute lymphoblastic leu-
kemia (ALL) aged < 50 years showed a superior (A) disease-free survival (DFS) and (B) overall survival (OS) as compared to those
aged = 50 years. Patients with Ph-positive aged < 40 years showed a tendency of better (C) DFS and (D) OS than those aged = 40

years.

controlled leukemia, and one due to treatment toxicity,
whereas only one patient died in the younger age group
due to infection during induction therapy. In total, 26
patients (26.3%) received reduced doses of KALLA ther-
apy because of toxicities and infections. Although pa-
tients aged > 55 years received age-adjusted chemother-
apy, they did not tolerate the planned treatment, which
resulted in 32.5% of patients (13 of 40 patients) receiving
reduced doses of chemotherapy.

https://doi.org/10.3904/kjim.2021.028

DISCUSSION

The KALLA 1406/1407 regimens were a newly developed
protocol by the KAALLWP for treating adult patients
with ALL, which included the concept of delayed inten-
sification with daunorubicin, vincristine, dexametha-
sone, and cyclophosphamide, along with an increased
dose of L-asparaginase of up to 10,000 U/m?/day during
induction, consolidation, and delayed intensification
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for patients with Ph-negative ALL. In this study, 62 adult
patients with Ph-negative ALL and 37 with Ph-positive
ALL received the KALLA 1406/1407 regimens, respec-
tively. Overall, the CR rates of Ph-negative ALL and
Ph-positive ALL groups were 92% and 86%, respective-
ly. The rates of DES and OS at 2 years were 42% and 63%
in the Ph-negative ALL group and 31.2% and 49.1% in
the Ph-positive ALL group, respectively. However, the
long-term outcomes between both groups showed no
statistical differences.

Previous studies have reported the results of multia-
gent chemotherapy for adult patients with ALL (Table
6). In the majority of studies, > 90% of patients achieved
CR, whereas long-term survival outcomes were still
unsatisfactory compared to those in pediatric patients
despite the introduction of TKI and monoclonal anti-
bodies [27-33]. A prospective study on 282 patients with
Ph-negative ALL reported the clinical impact of modi-

Table 6. Studies for adult acute lymphoblastic leukemia

The Korean Journal of Internal Medicine Vol. 36, No. 6, November 2021

fied hyper-CVAD regimen plus rituximab according to
CD20 expression. The CR rate was 95%, and the 3-year
CR duration and OS were 60% and 50%, respectively.
In particular, the long-term outcomes in younger pa-
tients (age < 6o years) were superior than those in older
patients [28]. Although the TKI-based multiagent che-
motherapy demonstrated promising results in patients
with Ph-positive ALL, additional approaches are re-
quired to improve the long-term survival rates [30-33].
Compared with previous data, the results of KALLA
1406/1407 treatment were not much different. However,
in the present study, younger patients with Ph-negative
ALL (age < 50 years) and those with Ph-positive ALL (age
< 40 years) had 2-year OS rates of 71.4% and 77.9%, re-
spectively, which suggested that younger patients have
better survival benefits with the KALLA protocol.
Disease relapse is a major cause of poor prognosis in
adult patients, despite achieving CR during intensive

Age, median

Response to

Study Patients (n) TR - Regimen induction Long-term outcome
8y therapy
Kantarjian et al. Ph-negative ALL (240) 40 (15-92) Hyper-CVAD CR: 92% 5-year OS: 51% (age < 40),
(2004) [27] Ph-positive ALL (48) 30% (age = 40, < 59), 17%
(age = 60)
Thomasetal.  Ph-negative ALL (282) 41 (13-83) Modified hyper-CVAD  CR: 95% 3-year CRD: 60%, OS:

(2010) [28] + rituximab 50%

Huguet et al. BCP-ALL (525) 36.1(18-59) GRAALL-2005 trial CR: 01% 5-year EFS: 55.7%

(2018) [29] T-ALL (262) (age < 55), 25.8% (= 55)

Tan- Ph-positive ALL (45) 45 (16—59) GRAAPH-2003 CR: 96% 4-year DFS: 43%, OS: 52%

guy-Schmidt et (imatinib combined

al. (2013) [30] chemotherapy)

Kim et al. (2015) Ph-positive ALL(90) 47 (17-71) Nilotinib based multia-  CR: 91% 2-year OS: 72%

[31] gent chemotherapy

Wieduwilt etal. Ph-positive ALL(64) 60 (22—87) Alliance/CALGB Study  CR: 97% 3-year DFS: 43%, OS: 55%

(2018) [32] 10701 (dasatinib com-
bined chemotherapy)

Ravandi et al. Ph-positive ALL (35) 53 (21~79) Hyper-CVAD + dasatinib CR: 94% 2-year OS: 64%

(2010) [33]

Present study ~ Ph-negative ALL (62) 47 (17-82) KALLA 1406 CR/CRi: 92%  2-year DFS: 42%, OS: 63%

Ph-positive ALL (37) KALLA 1407 CR/CRi: 86%  2-year DFS:31.2%, OS:

49.1%

Ph, Philadelphia; ALL, acute lymphoblastic leukemia; CVAD, cyclophosphamide, vincristine, doxorubicin, and dexametha-
sone; CR, complete remission; OS, overall survival; CRD, CR duration; BCP, B-cell precursor; EFS, event-free survival; DFS,
disease free survival; CRi, CR with incomplete hematologic recovery.
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chemotherapy [4]. Several previous studies have empha-
sized the need for further progress in the treatment of
adult ALL, which may maintain long-term remission
without severe toxicities [21,22]. Till date, allo-HCT
has been the standard therapy for ALL in adults, and
our results support the need for allo-HCT to maintain
long-term remission and survival. Our results showed
that patients who received allo-HCT after achieving CR
had significantly better survival outcomes than patients
who received the KALLA regimen alone. Meanwhile, in
33 (33.3%) patients, an HLA-matched donor could not be
found or they were not suitable for transplantation due
to old age and weakness. Instead, they proceeded with
delayed intensification without severe adverse events.
However, 18 (54.5%) patients showed disease relapse after
the delayed intensification therapy, which indicated the
need for more effective novel approaches to maintain
remission for patients who cannot undergo allo-HCT.

The antileukemic effect of asparaginase on lymphoblas-
tic leukemia cells is well known; asparaginase interferes
with the synthesis of L-asparagine (Asn) and catalyzes the
conversion of Asn into aspartic acid and ammonia, de-
pleting materials to synthesize DNA, RNA, and proteins
and ultimately leading to cell death [34-36]. One of the
key factors for the successful treatment of pediatric ALL
was the intensive use of asparaginase [37]. Previous stud-
ies have demonstrated that the effect of asparaginase on
clinical outcomes was dependent on the frequency or
intensity of its use. Although r-asparaginase is known
to cause more toxicities in older age patients, the poten-
tial for improved survival has been strongly suggested
by recent studies on ALL in adults [20,38]. Results from
several studies have suggested an asparaginase activity
level of 0.1 TU/mL as the target necessary to ensure ade-
quate Asn depletion [39,40]. However, the optimal dose
and schedule of asparaginase for adult ALL are not yet
known due to limited data. In the phase II study for an
escalated dose of daunorubicin during induction ther-
apy for Ph-negative ALL by conducted by the KAALL-
WP (KALLA o501), 4,000 U/m?/day of L-asparaginase was
administered during induction and first consolidation
[13]. As a study to redeem the KALLA o501 protocol, the
KAALLWP increased the dosage of L-asparaginase ac-
cording to age (age 15 to 24 years, 10,000 U/m?/day; age 25
to 54 years, 6,000 U/m?/day; and age = 55 years, 4,000 U/
m?/day) due to the concern of toxicities. In the present

https://doi.org/10.3904/kjim.2021.028
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study, one of four patients had elevated liver enzymes
that were also induced by other agents, whereas the ma-
jor adverse effects of asparaginase such as pancreatitis
and hyperglycemia were rare and manageable even in
older aged patients. Therefore, it is worth to consider
intensifying the use of asparaginase in patients with
Ph-negative ALL based on their condition as well as age
for long-term remission and survival of older adults.

In conclusion, the pediatric-inspired regimen with
late intensification and increased dosage of L-aspar-
aginase demonstrated tolerable toxicities in adult pa-
tients. Although the KALLA 1406/1407 protocol was not
significantly superior to previous data, they were effec-
tive in younger patients. However, older adults still re-
quired more effective strategies to maintain long-term
remission. Frontline allo-HCT must be recommended
for patients who are eligible for intensive conditioning
therapy after achieving CR. Although several studies are
ongoing, the outcome of older age patients remains ex-
tremely poor. Therefore, there is a need for large-scale
clinical trials for combination therapy with novel agents
targeting adult patients with ALL. Moreover, minimal
residual disease-based effective maintenance strategies
should be established.

KEY MESSAGE

1. The KALLA 1406/1407 protocal was effective
for adult acute lymphoblastic leukemia, espe-
cially for younger patients.

2. An increased dosage of L-asparaginase result-
ed in tolerable toxicities in adults.

3. Frontline allogeneic stem cell transplantation
should be recommended after achieving com-
plete remission.
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Supplementary Figure 1. Patients’ flowchart. Ph-neg, Philadelphia negative; ALL, acute lymphoblastic leukemia; Ph-pos, Phila-
delphia positive; CR, complete remission; CRi, complete remission with incomplete hematologic recovery; Allo-HCT, allogene-
ic hematopoietic cell transplantation. *Death during salvage chemotherapy.
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Supplementary Figure 2. (A) Disease-free survival (DFS) and (B) overall survival (OS) of the patients with Philadelphia negative
acute lymphoblastic leukemia.
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Supplementary Figure 3. (A) Disease-free survival (DFS) and (B) overall survival (OS) of the patients with Philadelphia positive
acute lymphoblastic leukemia.
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