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landmark analysis on day+180 and day+270, as based
on available data (HR=0.43, 95% CI 0.13-1.45, p=0.17
and HR=0.5, 95% CI 0.19-1.32; p=0.161, respectively),
under the conditions of maintaining TKI therapy after
allo-HSCT. This relatively large study in unfavora-
ble group of patients confirms an importance of TKIs
prophylaxis for adult patients with Ph-positive ALL after
allo-HSCT. A larger group of patients is required to for-
mulate strong clinical recommendations in this cohort.

Summary

The role of prophylactic TKIs after allogeneic stem cell
transplantation in Ph-positive acute lymphoblastic leu-
kemia (ALL) remains controversial. We performed a ret-
rospective study in 106 adult patients subjected to alloge-
neic hematopoietic stem cell transplantation (allo-HSCT)
from matched related donors (MRD, 26%), matched un-
related donors (MUD/MMUD, 60%), and haploidentical
donors (14%) in complete remission (CR1, 59%), CR2
(14%), and advanced disease (27%). Among them, 60
(57%), received 1%- or 2™-generation TKIs as prophylax-

Keywords

is after allo-HSCT. In multivariate analysis of RFS, the
following factors were associated with reduced risk of re-
lapse or death: allo-HSCT after 2012 (HR=0.46, 95%CI
0.26-0.83, p=0.009), any MRD status of the disease be-
fore allo-HSCT except active disease with relatively simi-
lar HR in the context of post-transplant TKI prophylaxis.
Allo-HSCT from haploidentical donor was associated
with increased risk of relapse or death (HR=2.71, 95%
CI 1.20-6.13 p=0.016). We were unable to demonstrate
the significance of chronic GvHD when performing
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tyrosine kinase inhibitor, allogeneic hematopoietic stem
cell transplantation, relapse, minimal residual disease,
chronic GvHD.
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Introduction

Philadelphia chromosome-positive acute lymphoblastic leu-
kemia (Ph-positive ALL) is the most common molecular type
of B-lineage ALL in adults, characterized by the presence
of the Philadelphia chromosome, caused by the reciprocal
translocation t(9;22)(q34;q11), leading to BCR-ABLI1 fusion
gene encoding BCR-ABL oncoprotein, that has abnormal
tyrosine kinase activity [1]. Its incidence increases with age
and accounts for approximately 25-30% of adult ALL cases
and close to 50% of cases in patients after 50 years old [2, 3].
Ph-positive ALL was historically associated with very poor
outcomes before the advent of tyrosine kinase inhibitors
(TKIs): even though complete response rates in some cases
were from 46% to 96%, survival rates remained extremely
low with the median overall survival (OS) times typically less
than 11 months, mainly due to early relapses [4-6].

The TKIs incorporation into the treatment protocols of
Ph-positive ALL has dramatically improved outcomes com-
pared to chemotherapy alone [7-9]. For those patients who
were treated by TKIs in combination with chemotherapy
followed by allogeneic hematopoietic stem cell transplan-
tation (allo-HSCT), the 5-year overall survival (OS) rates
post-transplant have reached 52-61%, according to a do-
nor type [10, 11]. In recent years, an increasing number of
studies of 2™ and 3™ generation TKIs in the first-line treat-
ment regardless of monitoring of BCR-ABLI kinase domain
(BCR-ABL1 KD) mutations were performed. The strategy
to use more potent TKIs with chemotherapy or immuno-
therapy, such as bispecific T-cell engager antibody, in order
to induce 1% remission leads to very high rates of sustained
complete molecular responses (CMR), in about 83-90% of
patients, and the 2-year OS rates of 80-88%. Interestingly,
that the long-term survival among responding patients in
these studies was not affected by allo-HSCT [12, 13]. Despite
the impressive results of these recent studies, such therapy
is still not uniformly available in real clinical practice in the
most centers, due to its cost, lack of official indications, and
coverage in the 1%-line therapy. Also, the long-term out-
comes of TKIs combined with immunotherapy are still un-
known. Thus, Ph-positive ALL patients remain within high-
risk group. At the same time, allo-HSCT is still the standard
consolidation therapy for young "fit" patients with available
donor, according to current international recommendations,
such as NCCN (Version 1.2022) and EBMT guidelines [14-
16]. Despite all advances, the treatment of Ph-positive ALL
is still challenging, especially in cases with relapsed and re-
fractory (r/r) disease after allo-HSCT, thus remaining the
main cause of transplant failure in ALL patients [17-19].
With improvement of posttransplant salvage, supportive
care and disease monitoring, the 2-year OS after posttrans-
plant relapse increased from 27.8% for patients relapsing be-
tween 2000 and 2004 to 54.8% over the period of 2015-2019
(p=0.001), which means that less than a half of the patients
may be cured after allo-HSCT [20]. In these r/r cases, there
are attempts to achieve further remissions with the use of sal-
vage chemotherapy, second allo-HSCT, or TKIs with broader
activity, and monoclonal antibodies, e.g., blinatumomab and
inotuzumab [21-28].
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Given that the prognosis of the patients who relapsed af-
ter allo-HCT remains poor, more promising strategy is the
relapse prophylaxis or prevention after allo-HSCT using
donor lymphocyte infusions (DLI), blinatumomab or post-
transplant TKIs. Nonetheless, the need for systematic pro-
longed use of TKIs after allo-HSCT is still a matter of debate.
Several retrospective and prospective comparative analyses
were performed aiming to evaluate the impact of TKI us-
age after allo-HSCT upon clinical outcomes. Noteworthy,
most of them found a positive impact of posttransplant TKIs
administration despite controversial data obtained in other
studies. At the same time, some of these studies had common
limitations, due to small number of patients, heterogeneous
groups, limited follow-up, variable doses of TKIs, starting
date and duration of TKIs after allo-HSCT [29-37]. Anoth-
er issue concerns the TKIs tolerance after allo-HSCT and
need for dose adjustment [38, 39]. Acute Leukemia Working
Party (ALWP) of the EBMT recommends to use prophylac-
tic TKIs as soon as possible after engraftment, on the basis
of pre- and posttransplant MRD status. However, a precise
clinical strategy is still not described [40]. To address the is-
sue if posttransplant TKIs offer a valid therapeutic approach
to decrease the relapse rate, we conducted the study aimed
for assessing its efficacy in multivariate analysis with respect
to the disease- and allo-HSCT-specific factors.

Materials and methods

Patients, inclusion criteria and data collection

This single center study was conducted in the retrospective
cohort of 106 Ph-positive ALL patients who received allo-
HSCT in R.M. Gorbacheva Research Institute at the First
St. Petersburg I.Pavlov State Medical University between
2002 and 2021. All patients had indications for allo-HSCT
(complete remission (CR)=1 or as a "salvage" treatment op-
tion if the CR had not been achieved previously) and were
without severe cardiac, renal, pulmonary and other comor-
bidities. Inclusion criteria were: 1. Diagnosis of Ph-positive
ALL and age >18 years at allo-HSCT; 2. Patients undergoing
first allo-HSCT from any type of donor and in any response;
3. Treatment history with or without TKIs before allo-HSCT;
4. Donor bone marrow engraftment (absolute neutrophil
counts (ANC) of >0.5x10*9/L without administration of
colony-stimulating factor within 3 days with full donor chi-
merism in bone marrow). Prophylaxis with TKIs was not
administrated in cases before introduction of second line
TKIs into clinical practice and in cases of poor graft function
(two or three cytopenias, >2 weeks after day +28 in the pres-
ence of >95% donor chimerism), severe infectious, cytope-
nias with mixed chimerism and graft rejection (<5% donor
chimerism) [41]; 5. Available data about MRD status prior
to allo-HSCT, as well as complete clinical data and outcome
data. All data were retrieved retrospectively from clinical re-
cords according to the policy approved by the Medical Ethics
Committee of the University and after obtaining written in-
formed consent from the patients. The study was conducted
according to the principles of Helsinki Declaration.

Response and clinical definitions

Complete remission (CR) before and after allo-HSCT was de-
fined as blast cell ratio < 5% at the ANC counts of > 1x10%9/L,
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and platelet numbers of >100x10*9/L. CR with incomplete
recovery (CRi) was defined as platelet count <100x10*9/L
and/or absolute neutrophil count <1x10*9/L. Molecular re-
sponse (MR) or minimal residual disease (MRD) negativity
was defined as undetectable BCR-ABLI1 transcript p210 or
p190 level determined by real time quantitative polymerase
chain reaction (qPCR) with an ABLI1 level at least 10000
copies number in a sample after remission induction or re-
lapse treatment. MRD was defined as detectable BCR-ABL1
p210 or p190 transcript level after remission induction or
relapse treatment and was assessed for patients in CR only.
We provided MRD data at the time of allo-HSCT (within 30
days before the procedure) and after allo-HSCT. Molecular
relapse was defined as any detectable BCR-ABLI1 transcript
level by real time qPCR confirmed by, at least, two consec-
utive tests after previous molecular response. QPCR moni-
toring of BCR-ABLI was carried out according to NCCN
Guidelines every 3 months for patients with complete mo-
lecular remission (undetectable levels) at least for 2 years, the
frequency could be increased if MRD levels were detecta-
ble [42]. Relapse was defined as a presence of >5% blasts in
bone marrow or any extramedullary site in the patients with
previously documented CR. The Consensus Conference cri-
teria were used for acute GVHD grading and National Insti-
tutes of Health criteria were used for chronic GvHD grading
(43, 44].

Laboratory tests

Conventional cytogenetic analysis was used for evaluation
of chromosome aberrations at diagnosis, or assessment of
therapeutic response during follow-up. Cytogenetic studies
were carried out on G-banded chromosomes obtained from
the non-stimulated 24-hr bone marrow cultures. Karyotypes
were described according to an International System for Hu-
man Cytogenomic Nomenclature [45]. When the standard
cytogenetics was not available, the interphase blast cells were
evaluated using fluorescence in situ hybridization (FISH)
probes designed for detection of (9;22) translocation (Dual
Fusion Probe, Cytocell, UK). For molecular analysis at diag-
nosis, assessment of response and MRD status, relative ex-
pression levels of BCR-ABL1 were measured using standard
qPCR approach. The ABL1 gene was used for normalization
of the results. ABL1 kinase domain mutations were deter-
mined by direct Sanger sequencing [46]. To assess relative
expression of ela2 variant of the BCR-ABLI chimeric tran-
script, total RNA was isolated from blood or bone marrow
samples by means of phenol-chloroform extraction. The re-
verse transcription reaction and real-time qPCR were per-
formed using the BCR-ABLImbcr RQ Kit (Inogene, Russia)
according to the manufacturer's instructions. The samples
with, at least, >10,000 copies of the reference ABLI gene per
a reaction were considered valid when assessing MRD levels.

Statistical analysis

Primary endpoints in the present study were as follows: OS,
relapse incidence (RI), non-relapse mortality (NRM), re-
lapse-free survival (RFS) and GvHD incidence. OS was de-
fined as the probability of survival, irrespective of the disease
status at any point in time after allo-HSCT. OS time dura-
tion was estimated from the time of allo-HSCT to the date
of last contact or the date of death. The RFS was estimated as

a period from allo-HSCT to the last contact date, death, or
relapse. Probabilities of OS and RFS were calculated using
the Kaplan-Meier Method. The comparisons were made us-
ing the log-rank test. P-values are two-sided with type 1 error
rate fixed at 0.05. The RI was defined as the probability to de-
velop a disease relapse after allo-HSCT. NRM was defined as
probability of death without a relapse after allo-HSCT. Anal-
ysis of time-dependent variables, such as RI, NRM, GvHD
incidence were calculated using cumulative incidence esti-
mates with a competing risk setting using Fine and Grey test:
death in remission as a competing event to relapse, relapse
as a competing risk to NRM, death before 100 days without
acute GvHD after allo-HSCT to the cases of acute GvHD;
death without chronic GVvHD to lethal cases with chronic
GvHD, respectively. Patients alive at the end of the follow-up
were censored at this date. Patients who reached D+100 after
allo-HSCT were included into the analysis to assess the im-
pact of prophylaxis with TKIs on the risk of chronic GvHD.
Patients who presented with chronic GvHD prior to TKIs
prophylaxis were excluded from this analysis.

Secondary endpoint concerned assessment of efficacy
of TKIs prophylaxis on RFS, in view of the disease- and
HSCT-specific factors. To this purpose, multivariate analy-
sis was performed with the use of Cox proportional hazard
model. Landmark analysis for day+180, +270, +360 was used
to assess the impact of chronic GVHD on RFS. Fisher's exact
test and Pearson's Chi-square were used to find difference
between two groups of categorial factors. Non-parametric
Mann-Whitney U-test was used to compare the quantita-
tive attributes between groups. Statistical analyses were per-
formed with SPSS 26.0 (IBM Corp., Armonk, NY, USA), R
programming language version 4.0.5. software packages (R
Development Core Team, Vienna, Austria), EZR free statisti-
cal environment, version 2.15.2 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Patients and allo-HSCT characteristics

A total of 106 Ph-positive ALL patients with median age of
30 (range 18-59) years were included into the study. The me-
dian follow-up time was 40.0 (range 5.0-150.4) months for
the patients enrolled who were still alive at the end of the
study. According to the current indications for allo-HSCT
most of the patients (63 cases, 60%)) were transplanted in
CR1; 15 (14%), in CR2; 11 (10%), in >CR3 and 17 (16%),
in active disease ("salvage" allo-HSCT). There were no sig-
nificant differences in gender, MRD status, extramedullary
disease, BCR-ABLLI type of protein, cytogenetics, TKIs treat-
ment prior to allo-HSCT, year of allo-HSCT, donor’s gen-
der, ABO-combability, busulfan dosage, graft source, GYHD
prophylaxis between patients in CR1, and advanced stage
of the disease. At the same time, matched/mismatched un-
related donor type (MUD/MMUD) was the most frequent
type of donors in all groups (60% vs 26% vs 14%). Busul-
fan-based conditioning was used in most cases for the both
groups (85% vs 10% vs 5%). Median time from allo-HSCT
to first relapse was 262 (range 14-1926) days, and 8 (30%) of
cases had relapse during 100 days after allo-HSCT. Relapses
developed in 42 (40%) of the patients: bone marrow relapse
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Clinical characteristics N (%) CR1 Other disease statuses P value
Total patients 106 (100) 63 (59) 43 (4) -
Male 68 (64) 42 (67) 26 (60)
Gender 0.5
Female 38 (36) 21(33) 17 (40)
39 84 (19 46 (73 38 (88
Age < ()] (13 (88) 0.08
>39 2 Q) 17@7) 5(12)
(R2 15 (14) 15 (14)
Disease status >(R3 nm - nm -
Active disease 17 (16) 17 (16)
MRD-positive 45 (51) 29 (46) 16 (62)
MRD status - 0.1
MRD-negative 44 (49) 34 (54) 10 (38)
. Yes 20 (19) 9 (14) 11 (26)
Extramedullary disease 0.2
No 86 (81) 54 (86) 32 (74)
p210 25 (24) 15 (24) 10 (3)
BCR-ABLI p190 67 (63) 42 (67) 25 (58) 03
Unknown 14 (13) 6(9 8(19)
Ph+ alone 45 (42) 26 (41) 19 (44)
Cytogenetics at diagnosis Ph# plus other cytogenetic 3937) 25 (40) 433 07
ytog 9 abnormalities '
Unknown 2 Q) 12(19) 10 3)
Yes 99 (93) 61(97) 38 (88)
TKIs pre allo-HSCT 01
No 7(0) 2(3) 5(12)
Imatinib 59 (60) 42 (68) 17 (44)
Dasatinib 7(7) 3(5 4 (M)
Smtcr.] from imatinib to 2929) 15 25) 14 637)
Type of TKis pre allo-HSCT dasatinib 0.09
Nilotinib 1(1) 1Q 0(0)
Swith from dasatinib to nilotinib | 1(1) 0(0) 1)
Other combinations 20Q) 0(0) 2(5)
2002-2012 34 (32 17 27) 17 (40)
Allo-HSCT year 0.1
2013-2021 72 (68) 46 (13) 26 (60)
MRD 27 (26) 14 () 13 30)
Donor MUD/MMUD 64 (60) 45 (1) 19 (44) 0.005
Haploidentical 15 (14) 4(7) 1 (26)
» Yes 2Q) a7 1 26)
Female donor for male recipient 03
No 84 (19) 52 (83) 32 (714)
Matched 51(48) 32 (51) 19 (44)
Mi 2@ 14 (2 8(19
ABO-combability nor ol @) ) 03
Major 23 () 10 (16) 13 (30)
Mixed 10 (9) (M) 3(0)
Bone marrow 32 (30) 15 (24) 17 (40)
Graft source 0.09
PBSC 74 (10) 48 (76) 26 (60)
Median number Bone marrow - 265 (0.54-4.8) 2.8 (0.9-82) 0.02
of (D34+ cells x 10*6/kg, (range) PBSC - 6.15 (1.84-10.4) 5.1(2.4-10) '
Busulfan-based 90 (85) 55 (87) 35(81)
Conditioning regimen Melphalan-based 11(10) 8(13) 3(7) 0.01
Other 5(5) 0(0) 5(12)
8 mg/kg 30 (28) 21(38) 9 (26)
Busulfan dosage 10 mg/kg 15 (14) 8 (15) 7(20) 03
>12 mg/kg 45 (£2) 26 (47) 19 (54)
Pt(y-based 61(58) 40 (63) 21(49)
) ATG-based 27 (25) 15 (24) 12 (28)
GvHD prophylaxis - 0.1
TCR aB-depletion 4 (4) 3(5) 1)
Other 14 (13) 5(8) 9 (21)

Notes: CR=complete remission, MRD=minimal residual disease, TKIs=tyrosine kinase inhibitors, allo-HSCT=allogeneic hematopoietic stem
cell transplantation; MRD=matched related donor, MUD=matched unrelated donor, MMUD=mismatched unrelated donor, PBSC=peripheral
blood stem cells, PtCy=posttransplant cyclophosphamide, ATG=Anti-thymocyte globulin, GvHD=graft-versus-host disease, TCR af3-deple-
tion=T cell receptor alpha/beta-depletion
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was registered in 34 cases (81%); neuroleukemia, in 3 (7%);
extramedullary relapse, in 2 (5%); combined (CNS+bone
marrow+other extramedullary) relapse, in 3 patients (7%).
Nineteen patients experienced more than 1 relapse. By the
end of analysis, 60 patients (57%) were alive, 46 (43%) of
the patients died. Noteworthy, relapse was the main cause
of death (n=27, 59%). Other causes of death were as follows:
infection, 11 cases (24%), GvHD, 6 (13%), toxicity, 1 (2%),
unknown reasons, 1 (2%). Other baseline characteristics
for these patients and transplant procedure are presented in
Table 1.

Survival and relapse rates

At 5 years, the cumulative incidence of relapse (RI) and
non-relapse mortality (NRM) were 49.1% (37.74-60.46) and
20.2% (95% CI 11.58-28.82), respectively. The Kaplan-Mei-
er OS estimate at 5 years was 55.0% (95% CI 44.62-65.38),
and the estimate of RFS at 5 years was 40.4% (95% CI 30.41-
50.39). Median time from allo-HSCT to first relapse was
262.5 (range, 14-1926) days. Five-year RFS values was in-
fluenced by status of the disease, i.e., RES was 52.9% (95%
CI 39.58-66.22%) when transplanted in CR1; 18.2% (95%
CI 3.31-33.09%), if transplanted in CR>3, and 0% following
allo-HSCT in active disease (p<0.001), as seen from Fig. 1A.
Moreover, the disease status was a significant risk factor for
NRM: patients in advanced-disease phase experienced high-
er 2-year NRM rates: 64.7% (95% CI 36.87-92.53) compared
to 42.7% (95% CI 9.38-76.02%) in CR3 versus 12.5% (95%
CI4.47-20.53%) in CR1-2 (p=0.001). At the same time, there
was no difference in 5-year OS, RFS, NRM and RI when per-
forming allo-HSCT in CR1 or CR2 (p>0.05). Interestingly,
16 of 17 patients who underwent allo-HSCT in active dis-
ease died by 14 months after allo-HSCT. Of them, 11 pa-
tients died due to the disease progression; 2 patients due to
infectious complications; 2 patients, due to severe acute and
chronic GvHD; 1 patient, due to toxicity (multiorgan fail-
ure). Median time from MRD assessment to allo-HSCT was
16 (range 6-134) days. One should be noted that, despite the
fact that MRD-positive status before allo-HSCT did not af-
fect OS, RES and NRM, the relapse rate was 22.8% higher in
MRD-positive group (p=0.03), as shown in Fig. 1B. In uni-
variate cumulative incidence analysis, we have shown that

0.8 -

CR1, 52,9% (95% CI 39,58-66,22) 06 7

Cumulative incidence

CR2, 49,5% (22,65-76,35)

Relapse-free survival

the 5-year RI for the patients who reached 100 days after
allo-HSCT, was twice lower in the TKIs prophylaxis group
compared with non-prophylaxis group, i.e., 30.08% (95% CI
17. 7-43.5) vs 62.85% (95% CI 44.8-76.5) (Fig. 1C). Univar-
iate analysis for survival and RI of the patients, transplanted
in CR are presented in Table 2. Allo-HSCT from haploiden-
tical donors was the factor, which led to significantly worse
REFS (p=0.05) and NRM (p=0.01), while there is no difference
in other types of donors. Intensity of conditioning regimen
(busulfan dose) did not influence the 1-, 2- and 5-year OS,
RFS, NRM and RI rates (p>0.05). Simultaneously, explora-
tory analysis showed that patients after GVHD prophylaxis
with posttransplant cyclophosphamide had a significantly
higher 5-year OS, RES and lower NRM and RI likelihood
than those treated with other regimens of GVHD prophylaxis
(classical, or TCR ap-depletion). The cumulative incidence
frequencies of grades 2-4 acute GVHD at day 100 was 27.57%
(95% CI 19.4-36.3%), with the median onset time of 27
(range 7-99) days. The proportion of patients with moderate
chronic GvHD was 13 (32.5%), severe chronic GvHD, in 16
cases (40%). Cumulative incidence of NIH-defined chronic
GVHD was 41.92% (95% CI 31.7-51.8%), with the median
onset time of 199.5 (range, 100 to 1172) days. Experience of
chronic GvHD was significantly associated with reduced risk
of relapse: 31.4% (95% CI 14.94-47.86%) vs 53.7% (95% CI
35.87-71.53%), p=0.04 in univariate analysis.

Treatment with TKls after allo-HSCT

A total of 80 (75.8%) patients received posttransplant TKIs
maintenance therapy used with the prophylactic aim (60 cas-
es, 75%); at the first MRD positivity or molecular relapse post
allo-HSCT as pre-emptive treatment (11 cases, 13.8%), or as
relapse treatment (9 patients, 11.2%) (Table 3). Median time
from allo-HSCT to initiation of prophylactic TKIs was 87
days (range, 19-378). TKI drug was changed in 15 patients,
i.e., due to relapse (n=1); due to toxicity/intolerance (n=4) in
prophylaxis group; in 5 patients due to relapse (n=3), due to
toxicity/intolerance (n=2) in preemptive group, and in 1 pa-
tient with disease progression in the relapse treatment group.
Frequency of chronic GvHD in the TKIs prophylaxis group
was 48.2% vs 21.1% in non-prophylaxis group (p=0.05).

—— prophylactic TKis~: NRM
—— prophylactic TKIs+ NRM

—— MRD-negNRM
—— MRD-pos: NRM

—— MRD-negrelapse —— prophylact
reieps 0.8 -

— MRD-pos: relapse

Cumulative incidence

Gray test (p=0,03)

CR3, 18,2% (95% Cl 3,31-33,09)

0.0

Number at risk

0 44 35
1 45 31

Number at risk

23 15 " " 0 35 15 10 8 7 5 4
16 15 12 " 1 60 53 36 31 24 18 18

Figure 1. A. Relapse-free survival (RFS) according to CR status prior to allo-HSCT; B. Relapse incidence (RI) according
to MRD status prior to allo-HSCT; C. Rl according to prophylactic TKIs after allo-HSCT
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Prophylaxis with TKIs was associated with increased risk of
chronic GVHD: OR 3.47 (95% CI 1.03-11.84), at relative risk
of 2.28 (95% CI 5.71-11.7). We did not find any difference in
relapse risk according to the type of prophylactic TKIs (im-
atinib vs dasatinib, p=0.1).

procedure. The following independent covariates were used:
the year of allo-HSCT (2002-2012 vs. 2013-2021, separated
by significant change in clinical practice), donor type, the
fact of TKIs prophylaxis after transplant, and MRD status of
the disease at transplant (Fig. 2). We performed the analy-
sis using different classifications of donor type and status of
the disease. The first one included haploidentical (n=15) vs
other donor types (n=91), the second approach concerned
matched (n=76) vs other donors (n=30).

To assess the impact of prophylactic TKIs after allo-HSCT
upon RES rates, we performed multivariate analysis in-
cluding the factors associated with disease and allo-HSCT

Table 2. Univariate analysis of predictors for 0S, RFS, NRM and RI at 5 years after allo-HSCT for (R patients

N | 5-year 0S 5-year RFS 5-year NRM _
T (%) | (95% 1) P | 95% ) P (95% Cl) P Sy I | g
@ 63 | 659 529 14 384
(5258-79.2) (39.58-66.22) (479-2321) (2429-5251)
709 495 125 834
Status (R2 B ags-952) | %% | 2265-7635 | %09 | 6431857 | OO | (636-7044) | O
3 1 | 409 182 07 67.9
= (8.96-72.84) (331-33.09) (938-76.02) (4027-9553)
MRD- 45 | 617 537 199 50.62
MRD satgs | POSTIVe (281-8259) | | @82-6918) | .| (363244 | | (35655 |
status . . . .
MRD- 1 | 590 408 126 27.82
negative (4215-75.85) (24.93-56.67) (222-2298) (14.9-422)
MRD 5 | 694 476 71 484
(48.82-89.98) (26.24-68.96) (0-20.62) (26.65-70.15)
MUD/ 642 521 154 383
Donor MMUD 8 | soas779) | 3 | @roere) | 0% | gars3g | OO | 3arszig | O3
Haploiden- 10 60.0 26.7 40 55.6
tical (29.62-9038) (0-56.) (9.62-7038) (12.09-99.)
8 maka | 30 | 648 487 67 472
9/ (47.16-82.44) (30.48-66.92) (435-9.05) (28.39-66.01)
Busulfan 643 50.0 175 39,01
dosage 0mg/kg | 14| 1306-8554) | 92 | 37476260 | % | 6142886 | %2 | (206-6614) | O°
56 £33 232 433
12mg/kg | 44| 784 6476) (27.23-593) (85-37.9) (2527-6133)
PtCy- e | 76 59 97 345
based 573-85.9 448-T3.4 147-17.93 19.8-492
GHD ( )| o03 X )| ooz Y ) 0.02
prophylaxis Other 3 50 295 29.5 573
(3158-68.42) (13.63-4537) (11.67-47.33) (37.51-77.09)
Ves 3 | 685 60 125 314
Chronic (5214-68.6) (43.54-76.46) (0.94-24.06) (14.94-47.86)
02 0.03 03 0.04
GvHD No . 629 384 1655 537
(48.4-77.4) (22.92-53.88) (5.96-27.04) (35.87-71.53)

Table 3. TKIs after allo-HSCT according to the aim of administration

TKI Prophylaxis group, n(%) Preemptive group, n(%) Relapse group, n(%)
Imatinib 29 (48) 4 (38) 1()

Dasatinib 24 (40) 7(62) 7(8)

Nilotinib 1(.7) 0(0) 1()

Bosutinib 2(33) 0(0) 0(0)

Combinations 4(1) 0(0) 0(0)

Note: combinations, switch from imatinib to dasatinib (n=2), dasatinib to bosutinib (n=1), imatinib to nilotinib (n=1).
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In a multivariate analysis of RFS performed to assess the
impact of MRD and relapsed/refractory (r/r) disease before
allo-HSCT in the context of posttransplant TKIs, the follow-
ing factors were associated with reduced risk of relapse or
death: allo-HSCT after 2012 (HR=0.46, 95%CI 0.26-0.83,
p=0.009), any MRD status of the disease before allo-HSCT
except active disease with relatively the same HR in the con-
text of the posttransplant TKIs prophylaxis. With another
distribution of statuses and TKIs (CR and MRD statuses),
we confirmed the data of favorable impact of later year of
transplant (HR=0.49, 95%CI 0.27-0.89, p=0.019), and the
ability of posttransplant TKIs to reduce negative effect of
measurable disease. In addition, allo-HSCT from haploi-
dentical donor increased the risks in both models (HR=2.71,
95% CI 1.20-6.13, p=0,016, and HR=2.49, 95% CI 1.08-5.75,
p=0.032, respectively), as seen from Fig. 3. When analyzing
RFS with another classification of donor (matched vs oth-
ers) we confirmed the data about favorable impact of pro-
phylaxis with TKIs, despite the status of the disease prior to
allo-HSCT (p<0.001).

To assess the effect of chronic GvHD on RES in the context
of TKI therapy after allo-HSCT, a landmark analysis was
performed for day+180, +270, +360. By day+ 360, almost all
patients with active disease and haploidentical donor have
died, and this factor was excluded from the model. The fol-
lowing reasons were identified as the cause of death during
first year after allo-HSCT in this group of patients: relapse, 9
patients (50%); acute GVHD grade IV, 3 patients (17%); in-
fectious complications, 5 (28%); toxicity, 1 (5%). There was
no impact of chronic GvHD on RFS when performing land-
mark analysis on day+180 and day+270 as based on available
data (HR=0.43, 95% CI 0.13-1.45, p=0.17 and HR=0.5, 95%

CI0.19-1.32, p=0.161, respectively). Moreover, all remaining
factors lose their significance on RFS for those patients who
survived by day +360 (Fig. 4).

Toxicity of TKls after allo-HSCT

While being very effective, the TKIs applied after allo-HSCT
also have a toxicity profile that is relatively favorable. Among
the entire group of patients who received any TKIs after
allo-HSCT aimed for prophylaxis, preemptive, or relapse
treatment, the TKIs' dosage was reduced in 24 patients
(30%), treatment was discontinued in 4 patients (5%),
changed to another TKI type, in 5 patients (6%), temporari-
ly stopped and then re-prescribed in 10 patients (13%), due
to intolerance or severe toxicity. In prophylaxis group, the
most common side effects were hematological (26%) and
gastrointestinal (9%) toxicity. Rare adverse events included
fluid retention (5%), fever (5%), skin rash (3%), muscle pain
(2%), autoimmune thyroiditis (2%). Four patients had mul-
tiple manifestations of toxicity. Toxicity profile in prophy-
laxis TKIs group according to the TKI type is presented in
Table 4.

The presented toxicity profile in the prophylaxis TKIs group
is described for the non-standard TKI dosage. In most cases
of TKIs dose modifications, the drug dosage was reduced,
in order to manage the TKI-related side effects. After allo-
HSCT, only about 32% of patients received prophylaxis with
imatinib at a full dose of 400-600 mg, whereas 29% of pa-
tients were treated at a dose of 200 mg, and 39% of patients
received a significantly reduced dose of 100 mg per day. The
same situation was with dasatinib: full dose was prescribed
to 33% of patients; 70 mg, to 50% of patients, and 35-50 mg,
to 17% of patients (Fig. 5).

0,
100/0 Variable N | Hazard ratio (4]
0, + + 1
90% MRD+ TKls Allo-HSCT after 2012 no 34 * Reference
9 i
80% yes 72 HE) 0.46 (0.26,0.83)  0.009
MRD+ TKls- ]
\
70% Haploidentical donor no 91 | Reference
= MRD- TKls+ i
60% yes 15 | 2.71(1.20,6.13) 0016
;
50% MRD/prophylaxis TKis active disease TKls- 14 M |Reference
m MRD- TKIs- :
.
40% active disease TKIs+ 3| M=t |0.27(0.06,1.24) 0.092
m active :
0, = % 1
30% disease MRD- TKls 10 HEH 0.26 (0.10,0.63)  0.003
TKlIs+
20% . MRD- TKls+ 34 |HEH 0.05 (0.02,0.12) <0.001
m active
disease i
10% TKls- MRD+ TKIS- 23| HMH 0.17 (0.08, 0.36) <0.001
i
0% MRD+ TKls+ o2 |-mH 0.06 (0.02,0.15) <0.001
i
RTTIRE

Figure 2. Distribution of MRD status and
treatment with TKIs after allo-HSCT

Figure 3. Multivariate analysis of the factors influencing RFS
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C. Landmark analysis Day+360
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Figure 4. Multivariate analysis of the factors influencing RFS (landmark analysis)
Table 4. Adverse events in prophylaxis group according to the type of TKI
Side effect Imatinib Dasatinib Bosutinib Nilotinib
N (%) N (%) N (%) N(%)
Anemia 2 grade 0(0) 12 0(0) 0(0)
Neutropenia 3-4 grade 0(0) 4(9) 0(0) 0(0)
Trombocytopenia 2-3 grade 409 2(5 0(0) 0(0)
Cytopenia in 2 or 3 lineages 5(12) 8 (18) 0(0) 0(0)
Fever 0 (0) 3(7) 0 (0) 0(0)
Skin rash 12 0(0) 1(33) 0(0)
Hepatotoxicity 2-3 grade 12 0(0) 0(0) 0(0)
Hydropericardium/hydrothorax 0(0) 2(5 0(0) 0(0)
Diarrhea/colitis 2(5 3(7) 1(33) 0(0)
Nausea/vomiting 12 2(5 2 (66) 0(0)
Peripheral edema 12 12 0(0) 0(0)
Muscle pain 0(0) 12 0(0) 0(0)
Autoimmune thyroiditis 0(0) 12 0(0) 0(0)
imatinib 600 mg B.

6%

imatinib 400 mg
26%

imatinib 200 mg
29%

imatinib 100 mg
39%

dasatinib 35-50 mg
17%

dasatinib 14
33%

Figure 5. Doses of prophylactic imatinib (A) and dasatinib (B)
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Discussion

MRD-positive status prior to allo-HSCT is a well-known
unfavorable risk factor for allo-HSCT outcomes in Ph-pos-
itive ALL patients, who did not receive prophylactic TKIs
post-transplant [47,48]. Lussana et al. showed that MRD
negativity at the time of conditioning was associated with a
significant benefit in terms of risk of relapse at 5 years, with
a RI of 8% compared with 39% for patients with MRD posi-
tivity (p=0.007). However, in this study post-transplantation
administration of TKIs alleviated the difference in DFS (58%
vs 41%, p=0.17) and OS (58% vs 49%, p=0.55) in MRD-neg-
ative and MRD-positive patients, respectively. Nonetheless,
TKIs were used not with prophylactic, but with treatment
aim in this study [49]. In our retrospective single-center
analysis, we also demonstrated that TKIs prophylaxis im-
proves long-term RFS and alleviates the negative impact of
MRD on the outcomes in an unfavorable group of Ph-pos-
itive ALL adult patients. Previously, the same conclusions
were made in several non-randomized studies, however,
in extremely small groups of patients. Chen et al. reported
superior outcomes for patients who received imatinib as
prophylactic or preemptive maintenance regimens after allo-
HSCT (n=62) compared with those who did not receive
post-transplant TKIs (n=20) (5-year OS, 86.7% vs 34.3%,
p <0.001; EFS, 81.5% vs 33.5%, p <0.001) [50]. At the same
time, the data of a single randomized trial from the Ger-
man multicenter study group for adult ALL obtained in 55
patients with Ph-positive ALL who underwent allo-HSCT,
were randomly assigned to receive imatinib as prophylaxis
or based on MRD positivity. Although prophylactic imati-
nib prevented molecular recurrence, EFS and OS did not
differ significantly between the 2 treatment arms: 5-year OS
was 80% in the prophylactic group vs 75% in the preemp-
tive group [38]. Burke et al. compared outcomes for patients
who received prophylactic imatinib (for 1 year) with patients
who did not receive post-transplant TKIs: OS at 2 years for
patients with imatinib (n=2) and without (n=17) were 100%
and 41%, respectively, with a corresponding relapse-free sur-
vival of 100% and 35% [51]. The data about 2™ generation of
TKIs after allo-HSCT are very scarce: dasatinib or nilotinib
were studied as maintenance regimen after allo-HSCT in few
studies (n=62) [35]: in the study by Czyz et al,, 19 patients
received dasatinib (treatment duration of 11 months), either
prophylactically or preemptively. After a median follow-up
of 3 years after allo-HSCT, the OS and LFS were 87% and
88%, respectively. Fourteen of 15 patients (93%) who were
MRD positive after transplant converted to MRD negativi-
ty and continued to be MRD negative at last follow up. At
the same time, there is an important limitation of nilotinib
trials: they presented common results for CML and Ph-posi-
tive ALL patients, but not separate results for the Ph-positive
ALL group, mainly due to small number of enrolled patients.

In our group, most of the patients (57%) received prophy-
lactic TKIs after allo-HSCT. The majority of patients not as-
signed to prophylaxis and preemptive treatment with TKIs
(n=35) was transplanted (n=21) before 2014. The patient
group allografted since 2014 (n=11) who reached day+80
after allo-HSCT without TKIs, included patients with se-
vere infectious complications, severe poor graft function,

or uncontrolled GvHD. Six of them died from relapse, one
patient was lost from infectious complications, two patients
are alive without relapse. In two cases, the patients developed
relapse and are alive at the last follow up. Thus, we presume
that the results might be significantly affected by the time of
transplant and status of patients. It is well known that the
patients with severe poor graft function tend to have in-
creased risk of NRM, but not relapse [52]. In early studies,
TKIs demonstrated superior outcomes, but both prophylac-
tic TKIs group, as well as patients without TKI prophylaxis
included only limited number of patients. Authors did not
explain the choice of strategy concerning prophylactic TKIs
administration in non-randomized trials, but the reasons
seem to be comparable across studies. A study by Ribera
et al. concerned OS and DEFS for 13 of 21 patients who re-
ceived prophylaxis with imatinib that was only 30% (9-mo
follow-up). Transplant- and treatment-related complications
and patient selection may have contributed to poor out-
comes in this small cohort. Ten of twelve patients had inter-
ruptions in treatment for various reasons, including relapse,
severe chronic graft-versus-host disease (GVHD), grades 3
to 4 toxicity, non-relapse death, and patient preference [53].
Nishiwaki et al. showed superior outcomes for patients who
received imatinib (pre-emptive, n=4; prophylactic, n=3) af-
ter allo-HSCT when compared with cases without TKI treat-
ment (n=27). The OS at 1 year with TKIs versus without TKIs
was 100% vs 33.3%, and the 2-year OS was 66.7% vs 29.6%,
respectively (p=0.03). EFS was not significantly different be-
tween the 2 groups at 1 and 2 years (55.6% versus 55.6% and
33.3% versus 29.6%, p = 0.29).

Newer TKIS generation, such as dasatinib and nilotinib,
were shown to be more potent (respectively, 325-fold and
50-100-fold) when compared with imatinib [54]. Whether
or not this higher potency plays any role in the context of
post-transplant administration remains to be proven. Dasat-
inib demonstrated similar or better EFS and OS rates com-
pared with imatinib in several trials [30, 33]. Nonetheless,
the studies were retrospective and long-term outcomes were
not available. Nilotinib also had similar clinical outcomes
when compared with imatinib, but the studies on post-trans-
plant nilotinib therapy included mixed group of CML and
Ph-positive ALL patients [55, 56]. The numbers of patients
in studies using 2" TKIs generations are small and non-ran-
domized. E.g., Saini et al. aimed to compare the efficacy of
new-generation TKIs versus imatinib treatment: 28 patients
received imatinib in the TKIs prophylactic group and 33 pa-
tients received newer generation TKIs. The relapse rate was
similar, with three patients relapsing in each arm. However,
in the MRD-triggered group, 6 (75%) out of 8 patients who
received imatinib relapsed compared to 6 (45%) out of 11
patients who received new-generation TKI [36]. The newer
generation TKIs appear to improve prognosis for these high-
risk patients, but these results should be proven in further
prospective trials. First and 2™-generation TKIs were used
with the prophylaxis aim in our group of patients. Imatin-
ib was the most commonly used (48%) in the entire group,
due to wider availability of the TKI in real clinical practice.
At the same time, dasatinib was more frequently used (40%)
over recent years, due to its broader activity and ability to
penetrate the blood-brain barrier and prevent CNS relapses
[54]. Isolated CNS relapse occurs in up to 20% of patients
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with Ph-positive ALL during imatinib monotherapy [57].
We did not find any difference in relapse risk dependent on
the type of prophylactic TKIs (imatinib vs. dasatinib), p=0.1.
First of all, we did not compare relapse rates for imatinib and
dasatinib subgroups according to the disease status before
allo-HSCT. In addition, the lack of difference between im-
atinib and dasatinib groups of patients may be due to pro-
nounced graft-versus-leukemia (GvL) effect and shift of
Ph-positive ALL subclones to less aggressive ones, thus lack-
ing a need for a more active TKI in this case after allo-HSCT.
Several studies have shown that BCR-ABLI kinase mutation
is the major cause of relapse in Ph-positive ALL, even after
allo-HSCT [58], and newer TKIs generations can potentially
overcome some of these mutations and lead to lower relapse
rates in patients with resistant disease. However, lack of the
data about the mutational status and insufficient patients’
numbers in study does not allow to make definitive conclu-
sions.

There are also studies which did not show positive impact
of post-transplant TKIs. E.g., Nishiwaki et al. confirmed
that MRD status at allo-HSCT is one of the most important
predictive factors for Ph-positive ALL patients transplanted
in CR1. Post-transplant TKIs were administered to 103 pa-
tients. Surprisingly, post-transplant administration of TKIs
was suggested to be a significant adverse prognostic factor
for relapse, i.e., OS was significantly better in patients with
post-transplant TKI therapy, but there was no significant
difference in RFS. As for NRM, it might be underestimat-
ed in patients with post-transplant TKI administration be-
cause of technical issues for the competing risk analyses:
of 103 patients with post-transplant administration, NRM
occurred in only 3 patients (3%), whereas relapse was ob-
served in 71 patients (69%). Since a decision to administer
TKIs after allo-HSCT was made by each institution in this
study, the TKIs might have been prescribed to the patients
who were potentially at high risk for relapse [48]. The main
difference between the studies is the patients’ enrollment,
i.e., we described the patients in various disease status, while
Nishiwaki and colleagues included only CR1 patients pri-
or to allo-HSCT, and observed surprisingly high relapse
rate without TKIs. In the retrospective study of Kebriaei et
al., 102 adults and 11 children were included. TKIs" use for
maintenance (n=32) did not improve the outcomes. Only
subgroups of younger patients who achieved CRI at the
time of allo-HSCT, and underwent transplants after 2000,
demonstrated better outcomes and improved prognosis. In
this study, on the contrary to Nishiwaki et al., the presence of
MRD prior to allo-HSCT was not a significant predictor for
progression-free survival [31]. Patients observed by Zheng
et al. did not show favorable survival outcomes despite main-
tenance imatinib therapy after allo-HSCT. This result may
be, in part, explained by the high proportion (36%) of pa-
tients who were not in CR at the time of allo-HSCT in this
small cohort (n=11) [59].

Another valuable topic of interest is an influence of chronic
GvHD upon RFS and RI. In CIBMTR-led study which re-
cruited a large cohort of adult ALL patients (n=2593), the
impact of acute GvHD and chronic GvHD of varying se-
verity on transplant outcomes was explored. The patients
with advanced ALL had better OS (reduction in mortality;
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HR, 0.69-0.73) when they developed chronic GvHD with
or without grades I and IT acute GvHD, which is explained
by an increased GVL effect in ALL [59]. Simultaneously, the
results refer to the common group of ALL patients, without
any clarification regarding Ph-negative and Ph-positive ALL
patients. There are also no conclusions about the GvHD
incidence in case of TKIs maintenance after allo-HSCT. In
another study (Akahoshi et al.), the association between
TKIs prophylaxis and incidence of chronic GYHD was not
described: WBC at diagnosis (HR, 1.36; 95% CI 1.10-1.68;
p=0.004), unrelated cord blood transplantation (HR, 0.70;
95% CI 0.52-0.95; p=0.022), reduced conditioning intensity
(HR, 0.77; 95% CI 0.60-0.99; p=0.042), and grade II-IV acute
GvHD (HR, 1.36; 95% CI 1.10-1.68; p=0.004) were signifi-
cantly associated with the incidence of chronic GVHD, while
the incidence of chronic GvHD did not show significant
association with TKIs prophylaxis (HR, 0.82; 95% CI 0.49-
1.35; p=0.428) in the multivariate analysis [34].In our study,
chronic GVHD was significantly associated with reduced
risk of relapse in our group: 31.4% (95% CI 14.94-47.86%)
vs 53.7% (95% CI 35.87-71.53%), p=0.04 and increased RFS:
60% (95% CI 43.54-76.46) vs 38.4% (95% CI 22.92-53.88),
p=0.003 in univariate analysis. At the same time, we were
unable to prove a positive impact of chronic GVHD upon the
landmark analysis. We realize the fact, that, due to the small
groups of patients in our study, we can’t confidentially claim
that, in the context of TKIs maintenance, chronic GvHD
associated with GvL effect has no influence on clinical out-
comes. We understand that a larger group of patients is
needed to assess the effect of chronic GvHD upon RFS in the
time-dependent manner. It is worth to mention, that TKIs,
especially imatinib, being a multikinase inhibitor of several
signaling pathways implicated in skin fibrosis, is known as
potential option to treat sclerotic steroid refractory GvHD,
in view of fibroblast growth inhibition, and decreased colla-
gen production in dermal fibroblasts [60, 61]. However, the
incidence of chronic GVHD in our group was even higher in
the TKIs prophylaxis group. Among 31 patients who expe-
rienced chronic GVvHD in the prophylaxis group, 23 (74.2%)
of the patients exhibited skin involvement, and 12 of them
(52.2%) received prophylaxis with post-transplant imatin-
ib. Only 1 patient died from severe chronic GvHD in each
group (imatinib vs other TKIs). In our opinion, not only
imatinib, but also improvement of GvHD prophylaxis and
treatment over recent years contributes to this low incidence
of GvHD-associated mortality [62, 63]. In our study, several
patients received other TKIs as a prophylactic component
(nilotinib, n=2; bosutinib, n=3). Four of these patients de-
veloped chronic GvHD, 3 of them displayed skin involve-
ment. However, clinical data concerning the potential use of
2m-generation TKIs, which are active against a broader spec-
trum of kinases, are lacking in patients with chronic GVHD.
Nonetheless, in vitro addition of nilotinib to chronic GVHD
fibroblast cultures induced a decrease in the expression of
both COLlal and COL1a2 mRNAs, indicating the antifi-
brotic potential of this drug [64]. On the other hand, ponati-
nib, 34-generation TKI, is described as a drug, which induc-
es GVHD, suggesting that the efficacy of ponatinib could be
related not only to the direct antileukemic effect but also to
its ability to promote an indirect GvL effect. Petrungaro et al.
have shown an increased number of circulating CD8+ and
natural killer T cells, along with reduced numbers of CD4+
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T cells observed during ponatinib treatment after allo-HSCT
in patient without T315I mutation, which might be correlat-
ed with the onset of GVHD and GVL [65].

Conclusion

The study demonstrated positive impact of prophylac-
tic TKIs in adult patients with Ph-positive ALL after allo-
HSCT. Prophylactic TKIs can overcome the negative ef-
fects of MRD on clinical outcomes. However, in some cases,
post-transplant TKIs administration is not possible, main-
ly because of transplantation-derived complications, rather
than drug-specific toxicity. Final safe dose in the majority of
patients was lower than recommended, thus dose de-esca-
lation strategy is more justifiable after allo-HSCT. The issue
of using first- or second-generation TKIs, as well as optimal
duration of therapy should be clarified by the working group

consensus.
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NHrnbutopbl TMPO3MHKWHA3: NpOGUNIAKTUKA peumnanBa

nouie anIoreHHoM TpaHCMIAHTALLMM TeMOM03ITUYECKUX

CTBOJIOBbIX KNETOK Y B3POC/bIX NALMEHTOB

C Ph-no3utueHbIM 0CTpbIM NUMGO6/1ACTHLIM NTIENKO30M

Kcenns C. A¢panacreBa, Onbra B. [Iuporosa, EBrenmit A. bakun, Auna I. CmupHoBa, Enena B. Mopo3sosa,
IOnus 10. Bracosa, Vinbpap M. bapxatos, Tatbsana JI. Imaauna, ViBan C. Moucees, Cepreii H. bongapenko

HVIW peTckoit oHKOMOIMM, TeMaTonoruu 1 TpancianTonoruy uM. P. M. Top6auesoir, Ilepsbiit Cankt-IleTep6yprekuii
TOCYHapCTBEHHBIN MEUIIVHCKIIT YHUBepcuTeT UM. akap. V1. I1. [TapnoBa, Cankr-Iletep6bypr, Poccus

Pe3siome

Ponp mpodmnaktuyeckoro HasHauenms VTK (uurm-
OUTOPOB TUPOSMHKNHA3) IIOC/E A/UIOTEHHOV TpaHC-
IUTAHTALMM TeMOIMOSTUYECKMX CTBOMOBBIX KJIETOK
(ammo-TI'CK) ocTaeTcsi He BIIOJIHE OIIpefeeHHOIA.
MpI TpoBenyu peTpOoCHeKTMBHBIN aHamm3 106 crydaeB
amno-TI'CK y B3pOC/IbIX IMaLMeHTOB, KOTOPBIM TPaHC-
IUTaHTaLMsI OblIa BBIITOTTHEHA OT ITOJTHOCTBIO COBMECTH-
MOTO POJICTBEHHOTO TOHOpPa (26%), IIOJTHOCTDIO M/ Ya-
CTUYHO COBMECTVMMOTO HEPOACTBEHHOTO HoHopa (60%)
Y TaIJIONJIEHTUYHOro foHOopa (14%) B IepBOI MOTHO
pemuccun (59%), Bropoit monHoi pemuccun (14%)
JWIN B IPOABMHYTBIX CTagyAX 3abomeBanus (27%). U3
Hux 60 marnyeHTam (57%) mpoBopyiack mpoduIakTIKa
MOCTTPAHCIVIAHTAIMOHHOTO PELMBa MHIMOUTOpaMU
TUPO3MHKMHA3 1 1y 2 oKonenusi. B MHOrogakTopHOM
aHa/m3e 6e3pelIIBHOM BBDKMBAEMOCTH CIeAyIOLye
(axTOpBI OBUIV CBA3aHBI CO CHIDKEHMEM PUCKA peLiyiy-
Ba wm cMepti: ano-TI'CK, BeimonHenHas mocne 2012
roga (OP=0,46, 95% OW 0,26-0,83, p=0,009), mo6oix
craryc MObB nepen amno-TI'CK Ha ¢oHe mocTTpanc-
wraHTanmonHou npodwunaktuku VTK. Ammo-TTCK or
raIUTIONIEHTIIHOTO JOHOPA MOBBIIIAIa PUCK PelANBa
wm cmeptu (OP=2,71, 95% IO 1,20-6,13, p=0,016).

Ham He ymanoch IpofeMOHCTPUPOBATb 3HAYMMOCTD
xponnyeckoit PTIIX npu nposepeHnu IsHAMAapK aHa-
nm3a Ha fgeHb+180 n meHb+270 Ha MMEIOIIMXCS TaHHbBIX
(OP=0,43, 95% IN 0,13-1,45, p=0,17 u OP=0,5, 95%
IOV 0,19-1,32, p=0,161, cooTBeTCTBEeHHO) Ha (poHe mpo-
¢dunaxtuyaeckoi repanvy VITK. Hactosimee nccnenosa-
HMe, IPOBeJleHHOe Ha OTHOCHUTENBHO OOJIBILON TpPyIIIie
B3poC/bIX MaryeHToB ¢ Ph-mosutusaeiM OJIJI, femMoH-
crpupyet, uto VTK ABnAIOTCA BaKHBIM KOMIIOHEHTOM
HpO(MIaKTUKY MOCTTPAHCIVIAHTAI[VIOHHOTO PElMANBa.
Ilnst Toro, 4To6bI CHOPMYIMPOBATH CTPOTUE KIMHUYE-
CKMe peKOMEeHIAlIN JJIsI JaHHOU KOTOPTbI, He0OX0AMMa
007IbIIas rpyIIa MalyIeHTOB.

Kniouesble ¢10Ba

Ocrtpeiit  mimdobracTHeIl J1€7iKo3, Ph-mosutuBHBII,
BCR-ABLI1, uMHIMOMUTOpPB! THUPO3MHKMHA3, a/IOTeHHAs
TPAHCIIAHTAIVA FeMOIIO3TUYECKMX CTBOIOBBIX K/IETOK,
PpeLnvB, MUHIMAJIbHAs OCTAaTOYHAs 60JIe3Hb, XPOHIYe-
CKas peaKIMA «TPaHCIIAaHTAT-TIPOTYUB-X03AMHa».
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