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Summary

To analyze the effect of age on the overall survival (OS)
of patients with acute leukemia (AL) after allogeneic he-
matopoietic cell transplantation (allo-HSCT).

Materials

The data of 712 patients with AL (from 0.5 to 29 years
old) who underwent allo-HSCT at the R. M. Gorbacheva
Research Institute from 2000 to 2019 y.

Results

The OS of children with ALL under one year and from
1 to 10 years was 79% and 65%, these indicators were

Introduction

Allogeneic hemopoietic stem cell transplantation (allo-
HSCT) is still the only potentially curative treatment option
for most children with high-risk acute leukemia [1, 2, 3] as
standard chemotherapy is drastically ineffective in these cas-
es. However, in spite of allo-HSCT being actively used up to
this moment, its indications and place in treatment strate-
gy are constantly subject to changes as new targeted drugs
and immunotherapy methods enter into clinical practice.
The undisputable indications are presence of unfavorable
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higher in comparison with the OS of adolescents (11-
20 years) — 46% and young adults (21-29 years) - 47%
(p=0.039). OS of infants with AML - 78%, children -
59%, adolescents — 59%, young adults — 70% (p=0.564).

Conclusion

Age has a significant effect on OS after allo-HSCT in pa-
tients with ALL and to a lesser extent in patients with
AML.

Keywords

Acute leukemia, allogeneic hematopoietic stem cell
transplantation, age groups.

risk factors, relapse development (especially an early one),
therapy resistance, and, what’s important, an ability to obtain
second or subsequent remission. Patient’s age at diagnosis is
still an important factor when actual treatment decision is
made. We, therefore, find it important to evaluate its contri-
bution into long-term survival of children and young adults
with acute leukemia undergoing allo-HSCT.

Materials and methods

A total of 712 patients with acute leukemia (AL) of differ-
ent age (median age of 14 years, range 6 months to 29 years)
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undergoing allo-HSCT in R.M. Gorbacheva research insti-
tute clinic in 2000-2019 were included in our retrospective
study cohort. The median follow-up is 5-5.4 years. Based on
the age at diagnosis all patients were divided into the follow-
ing four age groups:

o Group 1 (infants): children below the age of 1 year (n=57);
o Group 2 (children): 1 to 10 years (n=248);

o Group 3 (adolescents): 11 to 20 years (n=227);

« Group 4 (young adults): 21 to 29 years (n=180).

Most patients (n=390, 55%) received an allo-HSCT from
matched unrelated donor, in 139 (20%) cases a matched
related, and in 183 (25%) - a mismatched related (haploi-
dentical) donor was used. The hemopoietic stem cells (HSC)
sources were bone marrow (BM) in 399 (56%), and periph-
eral blood stem cells (PBSC) in 313 (44%) cases. A total of
375 patients were initially diagnosed acute lymphoblastic
leukemia (ALL), and 337 - acute myeloblastic leukemia
(AML). The age distribution and disease status at allo-HSCT
are summarized in Table 1.

The indications for allo-HSCT in infants with ALL in 1% re-
mission were induction failure (n=>5), unfavorable biologi-
cal factors (KMT2A (11q23)-1), early disease manifestation
(in children younger than 6 months) or high initial white

blood cells counts (n=6). For children of 1 to 20 years the
following: induction failure, minimal residual disease-pos-
itive (MRD+) status (n=28), and presence of the following
unfavorable cytogenetic or molecular aberrations: KMT2A
(11923)-r (n=15), and Ph+ ALL (valid till 2010; n=4). In
young adults the criteria were induction failure or MRD+
status (n=13), KMT2A (11q23)-r (n=7), Ph+ ALL (n=4), or
hypodiploidy (n=3).

In patients with AML the indications were induction failure
or MRD+ status (n=26), as well as presence of monosomy 7
(n=12), KMT2A (11q23)-r (n=23), t(6;9) (p23;q34,1) (n=4),
FLT3 ITD (n=12), inv3/t(3;3) (q21;q26) MECOM(EVI1)
(n=7), and M5 (n=30), M6 (n=7), or M7 (n=11) variants
according to FAB classification. AML, myelodysplasia-relat-
ed (AML-MR) (n=18) and secondary AML (n=6) were also
viewed as unfavorable factors and indications for allo-HSCT.

Remission was defined as lack of blasts in peripheral blood
and <5% blasts in bone marrow as well as absence of ex-
tramedullary disease and with recovery of peripheral counts.

Conditioning regimens used were based on different combi-
nations of cytostatics (see Tab. 2). Myeloablative condition-
ing (MAC) regimens were used in 412 (58%), and reduced
intensity conditioning (RIC) in 300 (42%) cases.

Table 1. Diagnoses, cytogenetic aberrations and disease status distribution at the moment of allo-HSCT

Diagnosis, status at allo-HSCT Infants < 1year | Children Adolescents Young adults
of 1to 10 years of 11 to 20 years of 21 to 29 years

ALL 24 156 120 75
Tt remission 1 15 32 29
2" remission 4 56 4] 15
3 or 4% remission 3 35 1 4
Primary resistant or relapsed 6 50 36 27
AML 33 92 107 105
Tt remission 21 33 4) 60
2" remission 2 20 20 21
Primary resistant or relapsed 10 39 45 24

Table 2. Conditioning regimens in allo-HSCT
Regimens N %
MAC 412 58%
busulfan 12-16 mg/kg and cyclophosphamide 120 mg/kg 209 51%
treosulfan 36-42 g/m? and cyclophosphamide 120 mg/kg 34 8%
cytarabine 8 g/m?, busulfan 12 mg/kg, cyclophosphamide 3.6 g/m? lomustine 250 mg/kg 61 15%
fludarabine 150 mg/m? busulfan 12-14 mg/kg 98 24%
Other 10 2%
RIC 300 42%
fludarabine 150 mg/m? busulfan 8-10 mg/kg 168 56%
fludarabine 150 mg/m? melphalan 140 mg/m? 120 40%
Other 12 4%
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In 2003-2013 the following indications for RIC regimens
were employed:

o "Pretreatment” status seriously affecting patient’s perfor-
mance score (Karnofsky/Lansky score value of <80%),

o History of severe complications after preceding chemo-
therapy courses (serious adverse events, grade 3-4 toxicity,
infectious complications),

« Verified ongoing infection at the time of allo-HSCT,
« History of autologous HSCT.

Since 2014 the indications for RIC regimens were reviewed
and limited to:

o History of severe complications after preceding chemo-
therapy courses (serious adverse events, grade 3-4 toxicity,
infectious complications),

« Verified ongoing infection at the time of allo-HSCT.

Patient cohorts receiving MAC and RIC regimens were com-
parable by the following characteristics: age (p=0.087), diag-
nosis (p=0.567), status at allo-HSCT (p=0.721), HSC donor
type (p=0.878). The only factor different was performance
status evaluated via Karnofsky/Lansky score value. There
were 198 (66%) patients with <80% values in RIC cohort,
while in MAC recipients these values were only registered in
39 (9%) cases (p=0.021).

Since 2013 post-transplant cyclophosphamide given at 50
mg/kg on days +3 and +4 was used as a backbone for acute
graft-versus-host disease (aGVHD) prophylaxis. As a whole,
these regimens were used in 447 (63%) patients. Also in 282
case the GVHD prophylaxis was based on pre-transplant an-
tithymocyte/antilymphocyte globulins, and in 3 cases trans-
plant modification by TCR a/f immunomagnetic depletion
was used. The basic immunosupression by calceneurin in-
hibitors was used in most cases with cyclosporine-A based
regimen in 242 and tacrolimus-based one in 398 patients.
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Statistical analysis was performed with SPSS statistics 20.0
software. Patients alive at the time of analysis were cen-
sored at October 1* 2020. Survival data was evaluated
by Kaplan-Meier method. Survival comparison was per-
formed using log-rank test. The difference was deemed sta-
tistically significant in cases when p value was <0.05. (CES
B.1.Smirnov).

Results

Cytogenetic markers: age dependence

The cytogenetic aberrations found in ALL and AML patients
differed for various age groups (Fig. 1).

Based in prognostic significance of genetic aberrations all
patients were divided into 3 groups (see Tab. 3 and Tab. 4).

Acute lymphoblastic leukemia

As the disease status at allo-HSCT (presence or absence of
remission) is indisputably a major influence at allo-HSCT
outcome, all patients were divided into 2 groups: ones receiv-
ing allo-HSCT in 1* or 2™ remission (n=203), and patients,
in whom allo-HSCT was performed in 3 to 4" remission or
in presence of active disease (n=172).

While analyzing the influence of conditioning regimen (RIC
vs. MAC) on outcome of allo-HSCT performed in infants,
children or young adults with ALL achieving 1* or 2" remis-
sion prior to allo-HSCT, there was no significant difference
in overall survival (OS). The values for RIC and MAC recip-
ients were 100% vs. 75% (p=0.511) in infants, 55% vs. 69%
(p=0.263) in children, 47% vs. 46% (p=0.865) in adolescents,
and 52% vs. 44% (p=0.547) in young adults, accordingly.

The OS of patients in 1% or 2™ remission was significantly
higher in children younger than 1 year (79%) and 1 to 10 years

Table 3. Frequency of different cytogenetic and molecular aberrations in different age groups based on their prog-

nostic significance for children with ALL

Cytogenetic and molecular Infants < 1 year Children Adolescents Young adults of 21
aberrations of 1to 10 years of 11 to 20 years to 29 years
Unfavorable aberrations' 9 (38%) 14 (9%) 30 (27%) 20 (27%)

Favorable aberrations” 0 35 (23%) 15 (13%) 2 (3%)
Prognostically non-significant™ 15 (62%) 107 (68%) 75 (60%) 53 (70%)

Notes: - t(9;22) (q34; q11), KMT2A-r, hypodiploidy, iAMP21, t(17;19)(q22;p13) TCF3-HLE, CRLF2-r; ” - t(12;21) (p13; q21) ETV6RUNX1,

B3

hyperdiploidy; ™ - all other aberrations and normal karyotype.

Table 4. Frequency of different cytogenetic and molecular aberrations in different age groups based on their prog-

nostic significance for children with AML

Cytogenetic and molecular Infants < 1 year Children Adolescents Young adults of 21
aberrations of 1to 10 years of 11 to 20 years to 29 years
Unfavorable aberrations' 14 (42%) 22 (24%) 22(20%) 9 (9%)

Favorable aberrations” 0 8 (9%) 12 (12%) 12 (12%)
Prognostically non-significant™ 19 (58%) 62 (67%) 74 (68%) 84 (719%)

Notes: " - KMT2A-r (except t(9;11) ad t(1;11)), FLT3ITD, t (6;9)(p23;q34), inv3/t(3;3) (q21;q26) MECOM(EVI1), chromosome 7 involvement;
” - 1(8;21) (q22; g22) RUNX1-RUNXIT]I, inv 16(p13;q22) and t(16;16) (p13;q22) CBFB-MYH11; ™ - all other aberrations and normal kary-

otype.
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Cytogenetics profiles of ALL patients
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Figure 1. Cytogenetic aberrations rate found in patients with ALL (A) and AML (B) of different age groups. The data
was provided by R. M. Gorbacheva research institute cytegenetics lab (headed by T. L. Gindina)

(65%) compared to values of 46% achieved in adolescents
(11-20 years) and 47% achieved in adults (21-29 years)
(p=0.043 and p=0.050, accordingly).

In patients receiving allo-HSCT outside of 1% or 2™ remis-
sion the age also influenced the outcome with OS being
22% in infants (<1 year) and 30% in children (1-10 years),
which was significantly better compared to results achieved
in adolescents (11-20 years) and young adults (21-29 years),
in whom the OS did not exceed 10% and 6%, accordingly
(p=0.001) (Fig. 2).
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The cytogenetic and molecular factors assessment in differ-
ent age groups has shown that older age is associated in ALL
patients with prevalence of unfavorable and lack of favorable
aberrations (p=0.034) (Table 3).

The overall survival of patients with "favorable" genetic aber-
rations was significantly higher and reached 82% in patients
achieving remission at the time of allo-HSCT. On the con-
trary, the corresponding OS values for patients with "unfa-
vorable" and "neutral” aberrations were only 44% and 45%,
accordingly (p=0.002).
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Figure 2. The overall survival of patients (0.5-29 years) with high-risk ALL based on their age and disease status at
allo-HSCT (20 years of follow-up). A: patients in 1°t or 2" remission. B: patients outside of 1t or 2" remission.

The positive influence of "favorable" aberrations presence
on OS is evident for each age group with OS being 85% in
children aged 1 to 10 years and 73% in adolescents. The rate
of these genetic changes is also higher in children aged 1 to
10 years compared to other age cohorts. Unfavorable aberra-
tions show universally bad influence for all age groups with
OS being 54% in children 1 to 10 years, 42% in adolescents,
and 23% in young adults, accordingly. While neutral aber-
rations influence on outcomes seemed to be age-dependent
(OS of 60% in infants, 49% in children, 35% in adolescents,
and 48% in young adults, accordingly), this difference was
not statistically significant (p>0.05).

The influence of the disease status on outcome was per-
formed separately for each age group. The overall survival
in children younger than 1 year achieving 1* hematological
remission prior to allo-HSCT was 82%. For children in 2™
remission, 3™ to 4™ remission and relapse it was 75%, 0%,
and 33%, accordingly. For children aged 1 to 10 years, ad-
olescents and young adults these values amounted to 93%,
57%, 45% and 16%; 56%, 43%, 11%, and 9%; and 51%, 40%,
0%, and 7%, accordingly.

In patients with ALL aged 1 to 10 years at diagnosis there was
a statistically significant difference in OS between groups
with different disease status (p<0.001). Also, if allo-HSCT
was performed in 1% remission the overall survival was
significantly better compared to all other groups including
the one consisting of children transplanted in 2™ remission
(p=0.030).

In infants (<1 year), adolescents (11-20 years) and young
adults (21-29 years) groups the OS also consistently de-
creased in more advanced disease stages, although there
was no significant difference in OS between patients receiv-
ing allo-HSCT in 1* and 2™ remission (p=0.353, p=0.219,
p=0.357) or between ones transplanted in 3™ to 4™ remission
or relapse (p=0.779, p=0.650, p=0.390). Therefore, for these
age groups allo-HSCT was equally effective when performed
during 1% as well 2™ remission being also much better
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compared to results seen in patients with 3™ to 4" remission
or relapse (p<0.001).

This correlation between long-term OS and disease status at
HSCT is highly expected for patients with ALL. This factor
could, however, be omitted due to significant body of data
confirming the negative influence of ALL MRD-positive sta-
tus on allo-HSCT results [13]. The OS of children in 1* to
2" remission with present of absent MRD at allo-HSCT was
80% vs. 86% for infants (p=0.539), 74% vs. 61% for children
aged 1 to 10 years (p=0.141), and 57% vs. 41% for adoles-
cents (p=0.561), accordingly.

The influence of studied parameters on overall survival is
summarized in Table 5.

The post allo-HSCT ALL relapse rate in infants, children
aged 1 to 10 years and adolescents was very similar in case
the 1% or 2™ CR achievement (27%, 35% and 34%, accord-
ingly). In patients transplanted outside of 1% or 2™ remis-
sion it was as high as78%, 58%, and 57%, accordingly. The
relapse rate as also significantly higher for young adults with
any disease status being 55% for patients with and 97% for
patients without remission at allo-HSCT (p=0.001). All pa-
tients developing a post-transplant relapse received some
kind of therapy of varying intensity. Its effectiveness differed
based on age group. With a median follow-up of 46 (1-125)
months a total of 36% of infants, 24% of children aged 1 to 10
years, 12% of adolescents, and 4% of young adults are alive
(p=0.005).

Acute myeloid leukemia

All patients with AML were divided into two groups based
on their disease status at allo-HSCT. Group 1 (n=219) con-
sisted of ones receiving allo-HSCT in 1% or 2™ remission,
while Group 2 (n=118) included patients with primary re-
sistant disease or resistant relapse.

We evaluated the conditioning regimen intensity (MAC vs.
RIC) influence on OS in each AML patient age group, but

@ cttjournal.com
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Table 5. Overall survival based on patient's age, disease status, cytogenetic prognostic group and MRD presence for

children with ALL

0S based on patient's age
<1year 1-10 years 11 - 20 years 21 - 29 years
Status:
Tt remission 82% } p=0.353 93% }0.030 57%}p=0.219 51% }p=0.357
2" remission 5% 57% 43% 40%
3rd-4t remission 0% \p=0.779 45%} 0.021 1% }p =0.650 0% }p=0.390
Relapse 33% 16% 9% 1%
Cytogenetics:
Favorable
1-2 remission - 85% } 0.765 3% } 0.877 -
34-4t rem+rel 3% 5%
Intermediate
Tst-2" remission 60% } 0324 49% } 0.034 35% } 0.045 48%}0 024
3rd-4t rem-+rel 3% 6% 4% 0%
Unfavorable
152" remission 83% }0.047 54% } 0.020 42% } 0.037 23% }0 256
3rd-4t rem-+rel 3% 0% 0% 9%
Tst-2" remission
MRD(+) 80%} 0.539 14% } 0.141 57% } 0.561 -
MRD(-) 86% 61% 41% -
3rd-4t remission
MRD(+) - 29% }0.097 33% } 0.694 -
MRD(-) 0% 51% 0% -

the analysis performed yielded no significant difference be-
tween MAC and RIC recipients. The overall survival of pa-
tients with high-risk AML in remission (MAC vs. RIC) was
80% vs. 70% for infants (p=0.737), 60% vs. 52% for children
aged 1 to 10 years (p=0.731), 50% vs. 67% for adolescents
(p=0.413), and 73% vs. 67% for young adults (p=0.523), ac-
cordingly.

The overall survival after allo-HSCT performed in 1 or 2™
remission was 78% for infants, 59% for children aged 1 to 10
years, 59% for adolescents, and 70% for young adults, while
in patients transplanted outside of remission these values
were as low as 30%, 7%, 11%, and 17%, accordingly.

In spite of OS advantage observed in younger patients with
AML, this different was not statistically significant for either
Group 1 (p=0.564) or Group 2 (p=0.604) (Fig. 3).

We analyzed the influence of genetic changes on overall sur-
vival of patients with AML belonging to different age groups.
Unlike ALL cohort, the age distribution of different prognos-
tically significant aberrations in AML patients was relatively
even (p=0.546), while young adult group being also charac-
terized by lower "unfavorable" aberrations rate compared to
other age cohorts (p=0.002). (Table 4).

The overall survival of patients with "favorable" aberrations
was slightly better (86%) compared to ones harboring "unfa-
vorable" (71%) or “neutral” genetic defects (59%), with dif-
ference tending to be statistically significant in responders
(p=0.060) as well as in ones with resistant disease at the mo-
ment of allo-HSCT (p=0.062).

The further statistical analysis has shown disease status to
have more important influence on prognosis than genetic
changes for all AML patients’ age groups.

The OS of patients in 1 remission, 2™ remission or resistant
disease was 80%, 50% and 30% for infants vs. 59%, 52%, and
7% for children aged 1 to 10 years. The OS was not signifi-
cantly different for children receiving allo-HSCT in 1% or 2™
remission for both these age groups (p=0.231 and p=0.577,
accordingly), although the OS of patients transplanted out-
side of remission was significantly worse (p=0.003 and
p<0.001, accordingly). This correlation was also seen in
young adults, in whom the OS was 69% if transplanted in
1*and 71% in transplanted in 2™ remission (p=0.888) with
corresponding value in patients with resistant disease being
as low as 16% (p<0.001). There was a significant difference
in OS between all disease stages in adolescents: 74% when
transplanted in 1%, 30% in 2™ remission, and 10% in patients
with resistant disease (p=0.009 and p<0.001).

The post-transplant relapse rate in patients with AML de-
pended on disease status prior to allo-HSCT and did not
differ between age groups. For infants in 1% or 2™ remission
relapses were seen in 22% and 50% (p=0.067), in children
ages 1 to 10 years in 36% and 62% (p=0.013), in adolescents
in 15% and 67% (p=0.001), and in young adults in 11% and
92% of cases (p=0.001), accordingly.

Infant leukemia

We performed a separate outcomes analysis for patients with
infant leukemia (n=57) combining both patients with AML
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Figure 3. The overall survival of patients (6 months to 29 years) with high-risk AML based on their age at diagnosis
and disease status at allo-HSCT (20 years of follow-up). A: patients in 1*t or 2" remission. B: patients outside of 1*t or

2" remission.

(n=33) and ALL (n=24) younger than 1 year at the time of
diagnosis. The overall survival of infants with AML or ALL
was 64% and 59%, accordingly (p=0.762). It did not differ
between children with AML and ALL achieving 1% or 2™
remission prior to allo-HSCT (79% and 80%, accordingly;
p=0.924). There was also no difference between survival of
MAC and RIC regimens recipients with OS being 79% in
prior and 80% in the latter group (p=0.897).

Discussion

For several last decades the survival registered in children
with acute leukemia was better compared to one observed
in adolescents and young adults. There is a number of re-
searchers advocating for age-related biological factors being
the reason [4, 5] as there is an evident tendency to higher
risk factors and somatic mutations rate (manifesting as mo-
lecular and cytogenetic aberrations) in young adults accom-
panied by age-related changes in immune response, which
may as a whole change disease course to the worse [6, 7, 8].
Some also point at very young (infant) age as a potent ad-
verse prognostic factor [6, 9].

We analyzed in our cohort the influence of age on results
of allo-HSCT, which is an important stage for high-risk
leukemia patients’ treatment. All patients were diagnosed
high-risk leukemia and were divided into infants (<1 year),
children (1-10 years), adolescents (11-20 years), and young
adults (21-29 years) subcohorts. The data obtained sug-
gests an increase in "unfavorable” genetic changes rate and
decrease in one for "favorable" aberrations for overall ALL
group, which may explain worse long-term results in older
patients.

There is an evidence for more important role of older age in
allo-HSCT recipients with ALL compared to ones diagnosed
AML, although this relation is not universal and is more pro-
nounced in certain subgroups. Thus, in Group 1 consisting of
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patients achieving remission prior to allo-HSCT the OS was
79% in infants and 65% in children aged 1 to 10 years, which
was significantly better compared to results obtained in ado-
lescents (46%; p=0.043) or young adults (47%; p=0.050).

The overall survival of infants with ALL in 1 remission was
82%, in group of children of 1 to 10 years it reached 93%.
There was no difference in OS in children with 1* and 2™
ALL remission prior to allo-HSCT for all age groups ex-
cept the group of 1 to 10 years, where OS was 93% and 57%
(p=0.030), accordingly. The long-term OS in children with
infant leukemia was higher compared to historic cohorts re-
ceiving no allo-HSCT [10, 11]. Thus, international high-risk
infant ALL trial Interfant-06 noted unsatisfactory results in
children not receiving allo-HSCT with 6-year OS being only
20.9% [9]. The allo-HSCT may be the factor helping over-
come the negative effect of KMT2A rearrangements in this

age group.

The analysis of our data was not able to pinpoint a negative
influence of MRD positivity for any pediatric subcohort with
difference being insignificant in infants (p=0.539), children
aged 1 to 10 years (p=0.141), and adolescents (p=0.561).
Although this data contradicts the results of some well-or-
ganized studies [12], it may be explained by retrospective na-
ture of studied cohort, in which most patients were treated
before modern targeted and immunotherapeutic interven-
tions were introduced. Also, constant MRD status monitor-
ing after allo-HSCT allows counterbalancing this factor by
timely interventions via prophylactic or preventive immu-
notherapy (donor lymphocyte infusions, monoclonal anti-
bodies) or targeted therapy in cases with persistent MRD.

Well-timed allo-HSCT scheduling is extremely important
for children (younger than 10 years) with adverse prognos-
tic factors. It should, therefore, be provided for as soon as
high-risk leukemia is diagnosed. On the other hand, our
data suggests equal allo-HSCT effectiveness in adolescents
and young adults with ALL when performed in 1* and 2™
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remission (p=0.231 and p=0.339, accordingly), while the
results in 3" or 4" remission are as poor as ones obtained
in patients with resistant disease (p=0.697 and p=0.390, ac-
cordingly).

The overall survival analysis in high-risk AML patients of
different age groups uncovered a very different trend as long-
term results depended much more on disease status at allo-
HSCT, than patient’s age (p=0.564 and p=0.604). This cor-
relation was, however, a bit different for various age groups.
The OS achieved in children aged 1 to 10 years and young
adults transplanted in 1% remission was not significantly dif-
ferent from patients of the same age cohorts receiving trans-
plant in 2™ remission (p=0.218 and p=0.888, accordingly).
On the contrary, in adolescent cohort the transplantation
in 1* remission provided much better results, even com-
pared to transplants performed in 2™ remission (p<0.001).
Thereof, the patient’s age should be taken into account when
allo-HSCT is planned.

Our clinic is actively implementing RIC regimens in patients
with high-risk leukemia from all age groups in order to alle-
viate the cytostatic burden and mitigate long-term negative
effects of anticancer treatment. We have been monitoring
and comparing the effectiveness of different intensity con-
ditioning regimens for more than 20 years. The first results
of allo-HSCT with RIC regimens in children with ALL were
published in 2010 [13], but up to this moment there is very
few data on RIC regimens effectiveness in adolescent and
young adult acute leukemia cohorts [14]. IN this retrospec-
tive study we have compared the OS obtained in children of
different age groups receiving allo-HSCT with RIC. It is im-
portant that there was no statistically significant difference in
OS for any of age groups in RIC vs. MAC comparison with
100% vs. 75% (p=0.511) in infants, 55% vs. 69% (p=0.263)
in children aged 1 to 10 years, 47% vs. 46% (p=0.865) in ad-
olescents, and 52% vs. 44% (p=0.547) in young adults, ac-
cordingly.

The long-term OS in patients receiving allo-HSCT outside of
1% or 2™ remission was 22% for infants and 30% for children
aged 1 to 10 years, which was significantly higher than 10%
and 6% OS obtained in adolescents and young adults, ac-
cordingly (p=0.001). The relapse treatment effectiveness was
also different depending on patient’s age with 36% of infants,
24% of children aged 1 to 10 years, 12% of adolescent and
only 4% of young adults being able to achieve subsequent
remission (p=0.005). In order to further consolidate the re-
mission (based on relapse risk factors present) some of the
patients needed preventive/prophylactic interventions. The
factors taken into account here may include patient’s age, ge-
netic aberrations, disease and MRD status at the moment of
allo-HSCT.

Conclusions

The allo-HSCT improved the survival in patients with high-
risk acute leukemia of different age allowing to reach long-
term survival values comparable to those seen in standard
and intermediate-risk cohorts, in which treatment inten-
sification is not necessary. Allo-HSCT improves the OS in
infants with ALL, when additional adverse risk factors are

present. It also provides sizable advantage in children with
high-risk ALL aged 1 to 10 years when performed in 1* re-
mission. The overall survival of children younger than 10
years with high-risk ALL is better compared to older co-
horts, which is probably explained by presence of addition-
al unfavorable genetic aberrations in latter cases. Although
MRD status at time of allo-HSCT is an important factor
for patients with ALL, it may be mitigated by timely use of
post-transplant targeted and immunotherapy. The long-term
results in cohorts receiving allo-HSCT with RIC regimens
suggest this tactic to be non-inferior compared to more tra-
ditional MAC-based approach.
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PEBVJ'IbTaTbI TPAHCIIAHTAU W aJIJTIOT@HHbIX
remMonosTn4yeCcKknx CTBoJioBbIX KJ1€TOK MNMpKU OCTPbIX
NenKo3ax V NallueHToB Pa3/INdHOro Bo3pacrtd

Enena B. CemenoBa ', Oneca V. ITanna ', Ilonmuna B. Koxxokaps ', Onbra A. Crecapuyk ', Anacracusa C. boposkosa ',
Anacracusa C. ®ponosa ', JKeman 3. Paxmanosa ', AHHa A. Ocunosa ', JTio60Bb A. IIBeTkoBa !, CBernana B. Pazymosa ',
Tarpsina A. beikoBa ', Cepreit H. boupgapenko ', Mapus B. Jlateinosa !, Tatesina JI. Tunguna ', Enena B. ba6enko ',
Anexcanpap JI. Anaackuii !, Vinepap M. Bapxatos ', Bopuc V1. Cmupnos 2, Trogmuna C. 3y6apoBckas '

! HW meTcKOI OHKONIOIMY, reMaToIorny u Tpancmnanronoruy uM. P. M. Topbauesoit, ITepssiit Cankr-Iletep6yprekuit
TOCYHapCTBEHHBIN MeIUIVHCKIIT YHUBepcuTeT UM. akap. V1. I1. [TaBnosa, Cankt-Iletep6ypr, Poccnsa
? Caukt-IleTepOyprckuil rocyfapCTBeHHbII 9MeKTpoTexHndeckuit yuusepcuret «/I3TV» um. B.U. VnbsHosa (JlennHa),

Canxr-Ilerep6ypr, Poccus

Pe3slome

ITenpio Hamrelr paboThI ObUI aHANIN3 BIAVSHNUS BO3pacTa
Ha 0611yio BeDKyBaeMocTb (OB) manueHToB ¢ OCTphIMU
nevikozamu (OJI) mocrne anIoreHHON TpaHCIIAHTALNN
reMomoaTIIecKnx KneTok (ammo-TTCK).

MaTtepuans! u MeToAbI

B uccnemoBanme BKIIOYEHBI MaHHBIE 712 MAIIeHTOB
c OJI (ot 0,5 0 29 51eT), KOTOPBHIM ObLIa BBIIOTHEHA
awo-TTCK B knuanke HUM [JOIuT nm. P. M. Top6ade-
Boi ¢ 2000 . mo 2019 1.

Pe3ynbTarthl

OB pereit ¢ OJII (1 wnu 2 pem) o roga u ot 1 o 10 et
cocTaBmia 79% u 65%, 3TU IOKasaTeay ObIIM BBILIE B
cpaBHeHun ¢ OB mogpoctkoB (11-20 net) — 46% u Mo-
JIOABIX B3pOCTbIX (21-29 net) — 47% (p=0,039). OB mia-
nenueB ¢ OMJI (1 unwu 2 pem) — 78%, meteit — 59%, 1o -
POCTKOB — 59%, MOTOMIBIX B3pOCIbIX — 70% (p=0,564).
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3aKnyeHune

Bospact okaspiBaeT 3HaumMoe BausHue Ha OB mocre
amno-TI'CK y manyenTos ¢ OJUI 1 B MeHbLIIEN CTelleHn
y 60mpHBIX ¢ OMJIL.

Kniouesble (10Ba

OcrTpble /1efKO3Bbl, alI0OTeéHHasd TPAHCIITIAHTALUA TeMO-
HO3TUYECKMX CTBOJIOBBIX KJIETOK KPOBM, BO3pacTHbIE
TPYIIIBL.
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