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Summary

Allogeneic stem cell transplantation (allo-HSCT) is used
worldwide for long-term management and cure of he-
matological malignancies, still remaining a valuable op-
tion for treatment of chronic myeloid leukemia (CML)
in all fit patients who are unable to achieve a durable
complete cytogenetic response after treatment with ty-
rosine kinase inhibitors (TKIs), and in advanced-phase
disease. Along with relapse risk, the unfavorable HSCT
results may be associated with primary graft failure
(PrGF), or poor graft function (PoGF). Hence, the aim
of our study was to assess frequency and outcome of
PrGF and severe poor graft function (sPGF) after allo-
HSCT in CML patients.

Patients and methods

We performed a retrospective analysis of 121 consecu-
tive patients with CML who received allo-HSCT in the
RM Gorbacheva Research Institute at the Pavlov Uni-
versity over 25 years. HSCT was indicated in cases of ad-
vanced- phase disease, or TKI resistance/intolerance of
CML patients. BCR/ABL transcript levels and addition-
al chromosomal abnormalities were used as laboratory
markers of advanced disease. 80 patients (66%) were

transplanted in chronic phase (CP); 41 patients (34%)
were in acceleration phase (AP), or blast crisis (BC) at
the time of HSCT. Matched unrelated donors were used
in 65% of the cases; matched related donors, in 28%, and
haploidentical donors, in 7% of cases.

Results

Engraftment was documented in 106 (88%) patients.
Post-transplant relapses were registered in 31 patients
within 15-333 days after HSCT. PrGF was document-
ed in 8 cases (7%). Two patients developed secondary
graft failure within two months after initial engraftment,
with lethal infectious complications. Severe poor graft
function (PoGF) was diagnosed in 11 cases (9%) at cu-
mulative incidence of 10% within 1 year post-transplant.
Among various pre-transplant characteristics, age fac-
tor, and, especially, presence of additional chromosomal
abnormalities (ACA) were associated with cumulative
incidence of PrGF and sPGF after HSCT. Le., PrGF was
14% in the group with detectable ACA versus 3% in the
group without ACA, (p=0.02), whereas incidence of
sPGF in patients with ACA was 2% versus 12% in those
without ACA (p=0.09). The incidence of post-transplant
relapses did not differ in the patients with PrGF and
sPGE.
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Conclusions

Primary graft failure (PrGF) contributes to the non-re-
lapse mortality during the first year after allo-HSCT in
CML patients. Emergence of post-transplant relapses
was not associated with PrGF and sPGF in CML. Fur-
ther assessment of risk factors for the graft failure or
poor graft function is required in order to improve the
results of HSCT technologies.

Introduction

Over the past decades, allogeneic stem cell transplantation
(allo-HSCT) has been used worldwide as a technology aimed
both the long-term management and cure of malignant he-
matological diseases [1]. Allo-HSCT remains a valuable op-
tion for treatment of chronic myeloid leukemia (CML) in
era of tyrosine kinase inhibitors (TKI) [2-6]. The transplant-
eligible population consists of the CML patients with pre-
dicted poor outcome if treated with TKIs alone. Despite the
superiority of drug treatment, the development of transplant
technology, i.e., usage of reduced intensity conditioning reg-
imens, increased donor availability, led to improvement in
the results of allo-HSCT in these patients [7,8]. Thus, trans-
plantation is still a potentially curative therapeutic mode in
all fit patients who are unable to achieve a durable complete
cytogenetic response after treatment with 2 TKIs, and pa-
tients with advanced-phase CML.

Unfavorable results are mostly associated with impaired
graft function, which is manifested in the lack of control over
the underlying disease and subsequent relapse, as well as in
primary graft failure (PrGF) and poor graft function (PoGF)
[9-12]. Several risk factors of post-transplant graft failure
were revealed, e.g., patient’s age, donor-recipient blood mis-
match and CMV infection (13]. Treatment options for poor
graft functioning are still limited. In addition to reinfusion of
stem cell, some recent studies report, e.g., positive effects of
Eltrombopag, a thrombopoietin mimetic [14].

The aim of the study was to assess the incidence and out-
come of PrGF and severe poor graft function (sPGF) after
allo-HSCT in CML patients.

Materials and methods

Patients and data collection

We carried out retrospective analysis of 121 consecutive pa-
tients with CML who received allo-HSCT in R. M. Gorbache-
va Research Institute at the Pavlov University between 1995
and 2020. Information on the disease stage at diagnosis, time
to allo-HSCT, transplantation procedure, relapse, and treat-
ment following allo-HSCT was gathered via systematic re-
views of the patient records. General approaches to evaluation
of HSCT patients at our clinic were described elsewhere [15].

Definitions

CML was diagnosed on the basis of clinical and laboratory
data, the detection of Philadelphia (Ph) chromosome and/or
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the chimeric BCR-ABL gene. Disease phase was defined
according to the WHO classification [16]. The first chro-
nic phase (CP1) was recognized in the absence of accelerated
phase (AP) and/or blast crisis (BC) in the patient’s history,
otherwise CP>2 was registered. Hematological, cytogenetic
and molecular response to the treatment prior to allo-HSCT
was defined using ELN criteria [17].

Indications for HSCT

Indications for HSCT were as follows: 1) AP/BC at diagno-
sis or progression to AP/BC; 2) treatment failure in pre-TKI
era; 3) treatment failure due to TKI resistance/intolerance;
4) T315I mutation. TKI resistance and TKI intolerance were
defined according to ELN criteria [17].

Laboratory studies

For cytogenetic evaluation, conventional synchronized cul-
ture was performed for 48 hours with at least 20 metaphases
analyzed per a sample (GTG method). Leukemia cell kary-
otype was evaluated according to International System for
Human Cytogenetic Nomenclature (ISCN) [18]. In cases
when the standard cytogenetic investigation was not avai-
lable (i.e., insufficient material), the bone marrow was as-
sessed with fluorescence in situ hybridization (FISH) probes
aimed for detection of (9;22) variants (LSI BCR-ABL, Dual
Color, Dual Fusion, "Vysis").

Additional chromosomal abnormalities (ACA) were defined
as any structural and numerical chromosomal aberrations
other than t(9;22)(q34;q11) (detected by cytogenetic or mo-
lecular assays for cryptic abnormalities).

Molecular response after allo-HSCT was evaluated according
to the National Comprehensive Cancer Network (NCCN)
criteria (2021). PCR monitoring of BCR/ABL was carried out
according to NCCN Guidelines once in 3 months for 2 years,
then once in every 3 to 6 months. The relative BCR-ABL1 ex-
pression level was evaluated according to method described
by Gabert et al [19]. This technique includes the following
stages: 1) total RNA extraction from peripheral blood of pa-
tients with CML, 2) reverse transcription with random hex-
americ primers, 3) real-time PCR with primers and probes
specific to p210, p190 control ABL gene sequences.

Assessment of relative expression levels was based on evalu-
ation of BCR-ABL1/ABLI ratios in the studied cDNA sam-
ples. The ABL1 gene was used for normalization of the re-
sults. In order to determine copy numbers of the BCR-ABL1
and ABLI transcripts, and to assess the reaction effective-
ness, standard dilution curves were plotted using a plasmid
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with inserts of known target gene sequences (Invitrogen,
USA), at a standard concentration ranges of 102-106 cop-
ies/mcl, according to 2020 European LeukemiaNet (ELN)
Recommendations [17]. ABL kinase domain mutations were
determined by Sanger direct sequencing.

Post-transplant monitoring

Post-transplant engraftment was defined as absolute neu-
trophil count (ANC) of >0.5x10°/L without administration
of colony-stimulating factor within 3 days. Primary graft
failure (PrGF) was diagnosed in absence of donor cells in
recipient’s bone marrow by the day +30. Donor chimerism
was checked at the time of myelopoiesis recovery, i.e. ANC>
0.5x10°/L, and by the days +30, 60, +100, +200, and in case
of any cytopenia, or signs of relapse. Post-transplant re-
lapse was diagnosed in cases of clinical progression to AP/
BC, cytogenetic relapse, or molecular relapse defined as two
consecutive positive PCR tests, or, at least, 1-log persistent
increase of BCR/ABL transcript level.

The criteria for severe poor graft function (sPGF) were as
follows: cytopenia in two or more hematopoietic lineages
(platelets <20x10°/1, ANC <0.5x10°1, hemoglobin <70 g/1)
any time after documented engraftment in presence of full or
stable mixed donor chimerism >90% without signs of relapse
of underlying disease, rejection or acute graft-versus-host
disease (GVHD) grade III-IV.

Secondary graft failure was defined as loss of donor hemato-
poiesis to <5% and/or ANC counts to <0.5x10°/L after initial
engraftment being not related to relapse, infection, or drug
toxicity [20].

Statistical evaluation

Descriptive characteristics of the cohort included number
of cases, proportions for discrete factors, medians and range
for continuous values. Individual pre-transplant risk for the
HSCT patients was evaluated according to Gratwohl [21].
Opverall survival (OS) was assessed using the Kaplan-Meier
method from the time of allo-HSCT to the date of last con-
tact or the date of death. Death from any cause was consid-
ered as an event.

Survival analysis was performed using log-rank test. Relapse
and non-relapse mortality (NRM) rates were summarized
using cumulative incidence estimates, with NRM as compet-
ing risk for relapse, and relapse regarded as competing risk
for NRM.

The event-free survival (EFS) was estimated as a period
from allo-HSCT until last contact date, death, or any of the
following events: any kind of post-transplant relapse, graft-
versus-host disease (GVHD) grade III-IV, severe poor graft
function, or secondary graft failure. PrGF and sPGF were
estimated as a proportion of cases in the total cohort. Cu-
mulative incidence of sPGF was calculated with respect to
competing risks (death before day +30, any type of relapse,
GVHD grade III-1V).

The differences between groups were assessed using Fisher's
exact test, Pearson 2 test, and Mann-Whitney U-test for
categorical and quantitative characteristics respectively,
and Gray’s test for cumulative incidences. All the tests were

two-sided, and P-values <0.05 were assessed as indicating for
significant associations. Statistical analysis was performed
using SPSS, IBM Statistics and EZR free statistical environ-
ment, version 2.15.2 (R Foundation for Statistical Comput-
ing, Vienna, Austria).

Results

General characteristics of the patients and HSCT
procedure

A total of 121 patients diagnosed with CML had undergone
allo-HSCT. The median patients’ age was 37 years (range:
18-66). Other baseline characteristics for these patients are
presented in Table 1.

Table 1. Characteristics of CML patients under the
study

Characteristics Number (%)
Age at allo-HSCT, median (range), years 37 (18-66)
Gender, n (%)

Male 77 (64)

Female 44 (36)
Time from the diagnosis to allo-HSCT, median 32 (4-26)
(range), months
Phase of CML at the time of allo-HSCT

P1 21(17)

(P>1(34) 59 (49)

AP 30 (25)

BC 19
Cytopenia due to TKI therapy

Yes 27 (22)

No 94 (78)
Blast crisis before allo-HSCT

Yes 59 (49)

No 62 (51)
Number of blast crises before allo-HSCT

1 36 (30)

2 13 ()

>2 10 (8)
Indications for HSCT

AP/BC 58 (48)

T3151 mutation 14 (12)

Treatment failure 49 (40)
Additional chromosomal aberrations

Yes 42 (35)

No 79 (65)
BCR-ABL kinase domain mutations

Yes 41 (34)

No 80 (66)

The median time between CML diagnosis and allo-HSCT
was 31 months (4.5-260). A total of 80 (66%) patients were
transplanted in chronic phase (CP), the remaining 41 (34%)
patients were in the active phase (AP or BC) at the time of
HSCT. The median follow-up from allo-HSCT to the time of
the last contact was 15 months (0.5-294).

HLA-matched or partially mismatched unrelated donors
were used in 78 cases (65%), while matched related donors
were employed in 34 cases (28%), and 9 (7%) patients re-
ceived haploidentical allo-HSCT. The proportion of bone
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marrow (BM) and peripheral blood stem cells (PBSC) as
the graft sources was almost equal: 49% (n=59) versus 51%
(n=62).

Conditioning regimen included oral busulfan 8-12 mg/kg
or melphalan 140 mg/m? in combination with fludarabine
180 mg/m? or cyclophosphamide. GVHD prophylaxis in-
cluded calcineurin inhibitor (tacrolimus or cyclosporine A)
and mycophenolate mofetil (30 mg/kg), or short course of
posttransplant metotrexate, with or without antithymocyte
globulin (horse, 60 mg/kg, or rabbit preparations, 5 mg/kg
on day -3, -2, or high-dose), post-transplant cyclophospha-
mide (50 mg/kg, day +3 and +4 after allo-HSCT)/Alemtu-
zumab was used in two cases (Table 2).

Table 2. Characteristics of allogeneic HSCT procedure
in the CML patients

Characteristics Number (%)
Donor
HLA-matched unrelated 59 (49)
HLA-mismatched unrelated 19 (16)
HLA-matched related 34 (28)
Haploidentical 9(7)
ABO-compatibility
Matched 55 (45)
Major 33 (27)
Minor 26 (21)
Mixed 43)
Data not available 3
CMV status
Seronegative donor/seronegative recipient 25 (21)
Seropositive donor/seronegative recipient 1(9)
Seronegative donor/seropositive recipient 41(34)
Seropositive donor/seropositive recipient 4)(35)
Data not available 2(1)
Source of the graft
Bone marrow 59 (49)
Peripheral blood stem cells 62 (51)
Number of (D34+ cells x 10° /kg, median (range)
Bone marrow (BM) 2.7 (1-8.6)
Peripheral blood stem cells 6.2 (15-19.9)
Conditioning regimen
Busulfan-based m(92)
Melphalan-based 10 (8)
Busulfan dosage
12 mg/kg 5(4)
10 mg/kg 28 (24)
8 mg/kg 78 (64)
GVHD prophylaxis
ATG-based 25 (@)
PTCy-based 79 (65)
(sA/tacrolimus-based 15 (13)
Other 2(1)

Survival and relapse rates

Engraftment was documented in 106 (88%) patients, with
median time to neutrophil recovery of 22 (8-58) days. Early
death with no signs of engraftment before day +30 occurred
in two cases. Thirty-one patients developed post-transplant
relapse of any type with median time after allo-HSCT of 106
days (range: 15-333), included early CML relapse/progres-
sion before day +30 in 5 cases.
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PrGF was documented in 8 (7%) cases. Two patients devel-
oped secondary graft failure, both in about two months after
initial engraftment with lethal outcome due to severe bacte-
rial infection. Severe poor graft function was diagnosed in 11
(9% of engrafted patients) with cumulative incidence of 10%
(95% CI, 5-19) within 1 year after allo-HSCT (Fig. 1). Medi-
an time from HSCT to sPGF diagnosis was 43 (18-114) days.

1.00
€ 0.75-
e
g Cumulative incidence of sPGF
£ 050 10% (95% ClI, 5-19)
=
e
>3
O 0.25-
0.00-
0 100 200 300 400
Time
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Figure 1. Cumulative incidence of poor graft function
post-HSCT in CML patients

The 1-year cumulative incidence rates of relapse and NRM
comprised 35% (95% CI, 26-46) and 26% (95% CI, 18-35),
respectively (Fig. 2).

A total of 57 (47%) patients died, the 1-year OS was 60%
(95% CI, 51-69). Median OS was not reached. One-year EFS
was 41% (95% CI, 32-50), median EFS was 271 (95% CI, 96-
365) days (Fig. 3).

Factors associated with primary graft failure
and severe poor graft function

Among various pre-transplant characteristics, the presence
of additional chromosomal abnormalities (ACA) was asso-
ciated with cumulative incidence of PrGF and sPGF after
HSCT. Thus, PrGF was 14% in the group with detectable ACA
versus 3% in the group without ACA, (p=0.02), whereas in-
cidence of sPGF in patients with ACA was 2% versus 12% in
those without ACA, p=0.09. HLA-matched allo-HSCTs were
beneficial for engraftment: 96% for HLA-matched trans-
plantations vs 89% for allo-HSCT from HLA-mismatched
donors, and 78% for haploidentical donors (p=0.05). Other
pre-transplant factors didn’t show any statistical correlation
with graft failure syndromes after HSCT (Table 3).

Clinical features and outcomes of graft failure
and severe poor graft function

The median follow-up time after allo-HSCT was 68 days
(range: 43-1792). All the patients with primary graft failure
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Figure 2. One-year cumulative incidence of relapses and NRM after allo-HSCT in CML patients
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Figure 3. One-year overall and event-free survival after allogeneic HSCT in CML patients

(PrGF) (n=8) were administered G-CSFE, antimicrobial ther-
apy and transfusion support. Two patients received donor
lymphocyte infusions without any effect. The second allo-
HSCT was performed in 4 cases. A total of 7 patients had
lethal outcome (6, of infectious complications; 1, of relapse),
whereas one patient is alive after the 2™ allo-HSCT (Fig. 4).

Eleven patients exhibited severe poor graft function (sPGF)
within median time of 21 (0-92) days after engraftment.
Median length of sSPGF was 52 days (range: 14-215). The me-
dian time of follow-up after allo-HSCT was 977 days (range:
45-2712).

Early sPGF with criterial cytopenia persisting after engraft-
ment was diagnosed in 4 cases (36%), the remaining patients
developed cytopenia after a period of normal graft function.
A total of 3 cases of sPGF (27%) developed within 30 days
after acute GVHD 2-3 grade (Fig. 5).

All the patients with sPGF received antimicrobial therapy,
transfusion support, and G-CSF in case of neutropenia.
Other therapeutic options for sPGF therapy were: rituximab
(n=4), the second allo-HSCT, or boost stem cell infusion
(n=3); eltrombopag (n=1); supportive care (n=5), as seen
from Fig. 4. Normal graft function was restored in 8 patients.
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Characteristics Group PrGF (-) PrGF (+) p sPGF (-) SPGF (+) P
Age <30 29 (94) 2(6) 0.52 31(100) 0(0) 0.05
30-50 64 (91) 6(9) 60 (84) 10 (16)
>50 20 (100) 0(0) 19 (95) 1(5)
Sex Male 70 (91) 709 0.26 70 (971) 709 1.0
Female 43 (98) 1Q) 40 (91) 4(9)
Status of CML at the time | (P 20 (95) 1(5) 0.85 17 (81) 4 035
of allo-HSCT (P>1 55 (93) 4(7) 54 (92) 5(8)
AP 27 (90) 3 (10) 28 (93) 2(7
BC 11(100) 0(0) 11 (100) 0(0)
Cytopenia during TKI Yes 25 (93) 2(7 1.00 85 (90) 9 (10) 1.0
therapy No 88 (94) 6 (6) 25 (93) 2(7)
BCR-ABL kinase domain Yes 37 (90) 4 (10) 0.44 36 (85) 5(15) 0.51
mutations No 76 (95) 4 (5) 74 (93) 6(7)
Additional chromosomal Yes 36 (86) 6 (14) 0.02 41 (98) 12 0.09
aberrations No 77 (97) 2(33) 69 (87) 10 (13)
HLA matching Matched 89 (96) 4 (4) 0.05 84 (90) 9 (10) 1.0
Mismatched 17 (89) 2(M) 18 (95) 1(5)
Haploidentical 7(78) 2(2) 8(89) 1)
ABO-compatibility Matched 52 (95) 3(5) 0.48 51(86) 4 (14) 0.59
Major 30 (91) 3(9) 29 (88) 4(12)
Minor 25 (96) 1(4) 24 (92) 2(8)
Mixed 3(75) 1(25) 3 (75) 1(25)
(MV status Seronegative donor/ 23 (92 2(8) 1 22 (88) 3(12) 0.63
seronegative recipient
Seropositive donor/ 11(100) 0(0) 9(82 2 (18)
seronegative recipient
Seronegative donor/ 38 (93) 3(7) 38 (93) 3(7)
seropositive recipient
Seropositive donor/ sero- | 39 (93) 3(7) 39 (93) 3(7)
positive recipient
Source of the graft 0.16 10
Bone marrow (BM) 53 (90) 6 (10) 54 (92) 5(8)
Peripheral blood stem 60 (97) 2(33) 56 (90) 6 (10)
cells (PBSC)
Conditioning regimen Busulfan-based 105 (95) 6 (5) 0.13 100 (90) 11(10) 0.59
Melphalan-based 8 (80) 2 (20) 10 (100) 0(0)
Dose of busulfan
>10 mg/kg
8 mg/kg
GVHD prophylaxis 0.09 0.68
ATG-based 21 (84) 4 (16) 24 (96) 1(4)
PTCy-based 76 (96) 3(4) 7 (90) 8 (10)

A total of 4 patients died. The causes of death were infectious
complications (n=3) and late post-transplant relapse (n=1)
(Fig. 6).

Two cases of secondary graft failure occurred in about 3
months after allo-HSCT. Both patients died due to severe
infection.

The incidence of post-transplant relapses did not differ in
the patients with PrGF and sPGF as compared with those,
who were free of these complications. Cumulative inci-
dence of leukemia relapses was 31% (95% CI, 23-42), and
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25% (95% CI, 4-87) in the patients with PrGF and engraft-
ment (p=0.97), compared with 22% (95% CI, 3-54) and 32%
(95% CI, 24-43) in the patients with sPGF and without sPGF
(p=0.52), respectively.

Primary graft failure (PrGF) but not severe poor graft failure
(sPGF) significantly increased non-relapse mortality during
the first year after allo-HSCT. One-year NRM was 23% (95%
CI, 15-32) in engrafted patients versus 71% (95% CI, 39-
96) in the patients with PrGF (p<0.0001). Patients with and
without sPGF had similar NRM: 20% (95% CI, 5-59) versus
26% (95% CI, 18-36) (p=0.74).
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Figure 4. Treatment and outcomes of primary graft failure (PrGF) in CML patients after HSCT
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Figure 6. Treatment and outcomes of severe poor graft function (sPGF) in CML patients post-HSCT
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One-year OS was significantly lower in patients with PrGF:
13% (95% CI, 0.7-42) versus 64% (95% CI, 54-72) (p<0.0001)
(Fig. 7). On the contrary, sPGF had no statistically signifi-
cant influence on OS: 73% (95% CI, 37-90) versus 59% (95%
CI, 49-69) (p=0.47).

Discussion

In context of TKI therapy progress, the indications for allo-
HSCT in CML are becoming more stringent, with respect
both to selective TKI choice, relapse diagnostics, and im-
proved transplant technologies [22]. In this regard, it be-
comes relevant to investigate the causes of allo-HSCT failure
and to determine the risk factors for PrGF and sPGF in CML
patients. While the factor of post-transplant relapse is dis-
cussed in most publications, the issues of PrGF and sPGF
remain poorly reflected. Only few authors provided clear
definitions and data on the incidence of these complications
(mostly PrGF) in the patients with CML. At the same time,
most studies of posttransplant graft failure syndromes show
that the diagnosis of CML may be among risk factors of this
complication. However, most previous studies concerned
a heterogeneous range of diagnoses, e.g., acute leukemia,
chronic myelo- and lymphoproliferative and non-malignant
diseases. To our knowledge, the present work evaluates for
the first time the incidence of both PrGF and PGF in a ho-
mogeneous cohort of CML patients.

According to our results, PrGF occurred in 7% of cases, thus
being higher than in patients with acute leukemia as con-
firmed by other publications [10]. On the contrary, cumula-
tive incidence of sPGF during the first year after allo-HSCT
was 10%. This level is less than in general population of
patients after allo-HSCT [15]. A prospective non-interven-
tional study from the Chronic Malignancy Working Party of
the EBMT also showed increased rate of graft dysfunction
in CML patients after allo-HSCT. Impact of pre-transplant
treatment with tyrosine kinase inhibitors of second gener-
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ation on the allograft function due to myelotoxicity is still
under discussion [23]. Presumably, the similar factors may
contribute to the development of both PrGF and sPoGFE.

We analyzed the data associated with characteristics of pa-
tients, donors, and the HSCT procedure. Due to small num-
ber of cases in the target groups, only univariate analysis
was performed. In contrast to many studies, conditioning
regimen, the source and cellularity of the graft, CMV sta-
tus of the donor and the patient, ABO incompatibility did
not show any statistical significance of the disease status, al-
though it is proved an important characteristic for the prog-
nosis of primary graft failure and poor graft function [10, 11,
24, 25, 26, 27, 28, 29, 30].

Nevertheless, it was the presence of ACA that showed sta-
tistical significance for PrGE This may suggest insufficient
control of the underlying disease to be among the main caus-
es of any type of graft dysfunction. However, no association
between post-transplant relapse and sPGF was noted in our
study. The disease recurrence after resolution of graft failure
remains an important cause of treatment failure. Contribu-
tion of the underlying disease to development of PrGF and
sPGF needs to be investigated in future.

HLA incompatibility was another factor for PrGF in uni-
variate analysis. The importance of this characteristic for
HSC engraftment is well known [13, 15, 30]. Haploidentical
HSCTs in this analysis showed larger proportion of PrGF
and sPGE, but this result needs further proofs, as our group
was small and mostly retrospective.

The question still exists if the intensity of conditioning reg-
imen may contribute to insufficient hematopoietic recon-
stitution after allo-HSCT. Impairment of bone marrow mi-
croenvironment exposed to high doses of alkylating agents
may be one of the possible pathogenic pathways [13, 31].
Nevertheless, our study did not show significant influence of
conditioning intensity upon the clinical outcomes.
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100%
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Figure 7. Impact of primary graft failure (PrGF, A), and severe poor graft function (sPGF, B) on overall survival post-

HSCT in CML patients
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Natural history of the patients who developed graft failure
and poor graft function was of particular interest in this
retrospective study. Despite various interventions, primary
graft failure is still associated with poor outcomes and death,
mostly, due to infectious complications.

Survival and NRM analysis showed that, despite the rare
occurrence, PrGF and sPGF are life-threatening and re-
source-consuming problems. Both PrGF and sPGF need
aggressive approach in order to improve outcomes of allo-
HSCT. Intensive interventions might be a rescue for, at least,
a part of the patients and lead to prolonged survival. Stimu-
lation of residual HSCs by TPO agonists using in the setting
of persistent cytopenia after HSCT by several groups might
be a promising strategy, although influence of TPO agonists
on the leukemic stem cells and risk of relapse is debated.
Early employment of a CD34+-selected stem cell boost, or a
second allogeneic HSCT to restore an effective haematopoie-
sis might also be a life-saving option. Identification of pa-
tients at high risk for these complications and development
strategies for early intervention might be in scope of further
investigation.

Conclusion

Both PrGF and sPGF are significant life-threatening prob-
lems in allo-HSCT. Specifically, PrGF but not severe poor
graft failure (sPGF) significantly increased non-relapse
mortality during the first year after allo-HSCT. Meanwhile,
the incidence of post-transplant relapses did not differ in
the CML patients exhibiting primary graft failure or severe
poor graft function. Identification of risk factors for these
complications can improve the results of this treatment, by
planning HSCT technology, to minimize them and modify
approaches to post-transplant therapy.
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[Ipe- u NnoCTTpaHCNIaHTAUUOHHbIE (AKTOPbI,
aCCoLMNPOBaHHbIe C NepBUYHON HeJ0CTaTOYHOCTbIO

N THKEeNon ANCPVYHKLUMEN TpaHCNIaHTaTa noce
a/IOreHHOMN TpaHCNIaHTaLMn reMono3TMYeCKNX CTBONOBbLIX
KNeTOK Npu XpOHNYeCKOM MUeNnouagHOM Neinkose

Enena B. Mopo3oBa, TarbsHa A. Pygrakosa, I0nus 0. BracoBa, Mapus B. bapa6anuikosa, Tateana JI. InaauHa,
Anexcaupp JI. Anancknii, Mapus [I. BragoBckas, VIsan C. Moucees, JIrogpmuna C. 3y6apoBckas, Anekcangp [. Kymarun

HVW peTckoit oHKoMOrNMM, reMatonoruu i TpancianTonoruy uM. P. M. Top6auesoir, Ilepsbiit Cankt-IleTep6yprekuii
FOCyapCTBEHHbII MeIVIIMHCKMIT yHUBepcuteT uM. akag. V. I1. ITaBnoBa, Caukt-IletepOypr, Poccus

P e3loMe 333 pgueit mocne TI'CK. ITHT 6bi1a 3aperncrpupoBana
B 8 cnyvasx (7%). Y AByX HalMeHTOB pasBU/Iach BTO-
AnoreHHass TpPaHCIUIAHTAIMsi CTBOJOBBIX KJIETOK pyiHaA HENOCTATOYHOCTb TPAHCIITAHTAaTa B TEYEHME

(ammo-TT'CK) mcnonb3yerca Bo BCeM MUpe I/ [OI-
TOCPOYHOTO KOHTPOJIS ¥ JIeYEHUsS 37I0KaYeCTBEHHBIX
HOBOOOPA30BaHMIT CHCTEMBI KpPOBM, IIO-IPEXHEMY
0CTaBasICh METOLOM BBIOOpA B I€YEHUN XPOHUYECKOTO
MIeIONAHOTO etiko3a (XMJI) y manyeHToB, KOTOpbIe He
MOTYT JOCTUYb I/INTETBHOTO IIOJTHOTO LIMTOTeHeTude-
CKOTO OTBETA IIOC/TE JIeYeHNs MHIMONTOPaMM TUPO3UH-
kunasbl (JITK), a Takke Ha MO3OHUX CTaguax 3aboe-
BaHusA. Hapspy ¢ puckoM penuanBa, He6aronpusaTHbIE
pesynbrarbl TT'CK MOryT ObITH CBA3aHBI C IIEPBUYHOIL
HepoctarouHocthio (ITHT) wmnm moxoit ¢yHKIuen
tpaHcmnanTara (IIOT). CnenoBaTenbHO, Lie/Ibl0 HAIIETO
VCCTIeNoBaHMsA OBIIO OLeHNUTb YacToTy u ucxon ITHT u
TsDKeIol 1toxolt ¢yHkiyy TpancianTata (IIOT) mo-
cne anno-TTCK y manuentos ¢ XMJL.

naLlVIeHTbI n Metoabl

Mpl mpoBenyu peTpOCHeKTMBHBIN aHamu3 121 cmydas
XMJI, xoropbiM mnpoBomgwiaack amro-ITCK B HUN
uM. P. M. Top6ageoit IICII6I'MY um. V. ITaBnoBa 3a mo-
crepuue 25 ner. TTCK 6bi1a mIoKa3aHa B CIyYasix IIpo-
ABUHYTOM (asbl 3a060/eBaHMA WIN Pe3UCTEHTHOCTH/
nenepenocumoctu VITK y manmentos ¢ XMJI. YposHu
tpaHckpunToB BCR/ABL u fomonHMTENbHBIE XPOMO-
COMHbIE aHOMAJIMV VICIIO/Ib30BA/IVCh B KadecTBe /1abo-
PaTOPHBIX MapKepPOB IIEPCUCTHPYIOIIEro 3a60/IeBaHms.
80 maumentam (66%) TpaHCIUIAHTALMIO IIPOBOJVIIN
B xpoHndeckoit ¢ase 3aboneBanms (XD); 41 mauyeHT
(34%) naxopmiics B ase akcenepanuu (PA) nm 6mact-
HoM kpuse (BK) Ha moment TT'CK. TpancnanTanmio ot
COBMECTVMBIX HEpPOJICTBEHHBIX JOHOPOB BBIIONHAIN B
65% ciry4aeB; OT COBMECTMMBIX POJICTBEHHbIX JJOHOPOB —
B 28%, V1 OT ralJIONI€HTUYHBIX JOHOPOB — B 7% CITy4aeB.

Pe3ynbrarthl

[TpwxuBneHne TpaHCIZIaHTaTa OTMe4YeHo y 106 manm-
eHToB (88%). IlocTTpaHCIUTAaHTAI[MOHHBIE DPELVVBBI
3aperucTpupoBanbl y 31 mamueHTa B Cpoku or 15 o

IBYX MecAILeB IIOC/Ie TIEPBUYHOTO IPYVDKMBIIEHNA C JIe-
TaJIbHBIMY MH(EKIIVIOHHBIMM OCTIOKHeHUAMI. Tsxernoe
HapyureHvie ¢yHkumy Tpancmwrantata (IIOT) muarno-
cTupoBaHo B 11 ciny4asax (9%), mpu KyMy/LATHBHON 4Ya-
crore 10% B TedeHMe 1-ro rofa ocje TpaHCIIaHTAL V.
Cpeny pasnmnyHBIX NpeATPaHCIVIAHTALVOHHBIX XapaK-
TEPUCTUK, PaKTOp BO3pacTa ¥, 0COOEHHO — HaIu4ume 10-
MTOJTHATENBHBIX XPOMOCOMHBIX aHOManuil (IXA) 6putn
CBSI3aHBI C KyMY/IATUBHON YacTOTON IIEPBUYHON U TsA-
JKeJION BTOPUYHONM HEJOCTAaTOYHOCTM TPaHCIIAHTaTa
nocre TTCK. T.e. ITHT cocrasun 14% B rpymire ¢ BbIAB-
neHHbIMU [IXA 110 cpaBHeHMIO ¢ 3% B rpymie 6e3 [JXA,
(p=0,02), Torma Kak 4acTOTa BTOPUYIHON HETOCTATOY-
HOCTM TPaHCIUIaHTaTa y maumeHToB ¢ JIXA cocraBmma
2% npotus 12% B rpymnme 6e3 AITA (p=0,09). YactoTa
MIOCTTPAHCIUIAHTALMOHHBIX PEIVIVBOB y IALMEHTOB C
ITHT n I1I®OT ne pasnuyanacs.

BbiBoabl

[TepBuuHas HemocTaToyHOCTh TpaHcmantara (ITHT)
CIIOCOOCTBYeT Oe3pelMBHOM CMEPTHOCTY B TedeHUe
nepBoro roga nocne amwno-TTCK y maunentos ¢ XMJL
BosHUKHOBeHME MOCTTPAaHCIUIAHTALMOHHBIX PpeLVaN-
BOB He 6bU10 cBsizaHO ¢ [THT U IIOT mpu XMJI. s
yny4utennst apdextuBaoctu Texuonornit TTCK Heo6-
XOfi¥IMa fjabHelIas olleHKa (paKTOPOB PICKa HECOCTO-
ATENbHOCTY VTN IIOXOV QYHKIMM TPaHCIIAaHTaTa.

Kniouesble (10Ba

XPpOHMYECKIIT MUETONHbIN TIEMKO3, TPAHCIIAHTAL
TreMOIIO3TUYECKMX CTBONIOBBIX K/IETOK, IIOKa3aHMs, He-
COCTOSITENIBHOCTD TPAHCIUIAHTATa, PaKTOPHI PHCKa.
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