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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. I.e., 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 
sPGF.
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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.

Keywords
Chronic myeloid leukemia, hematopoietic stem cell 
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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 

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 р210, р190 control ABL gene sequences. 

Assessment of relative expression levels was based on evalu-
ation of BCR-ABL1/ABL1 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 ABL1 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 >0.5×109/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> 
0.5×109/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 <20×109/l, ANC <0.5×109/l, hemoglobin <70 g/l) 
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 <0.5×109/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]. 
Overall 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-IV). 

The differences between groups were assessed using Fisher's 
exact test, Pearson χ2 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
Female

77 (64)
44 (36)

Time from the diagnosis to allo-HSCT, median 
(range), months 32 (4-261)

Phase of CML at the time of allo-HSCT
CP 1
CP > 1 (2,3,4)
AP
BC

21 (17)
59 (49)
30 (25)
11 (9)

Cytopenia due to TKI therapy
Yes
No

27 (22)
94 (78)

Blast crisis before allo-HSCT
Yes
No

59 (49)
62 (51)

Number of blast crises before allo-HSCT
1
2
>2

36 (30)
13 (11)
10 (8)

Indications for HSCT
AP/BC
T315I mutation
Treatment failure

58 (48) 
14 (12) 
49 (40) 

Additional chromosomal aberrations
Yes
No

42 (35)
79 (65)

BCR-ABL kinase domain mutations
Yes 
No

41 (34)
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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Table 2. Characteristics of allogeneic HSCT procedure 
in the CML patients

Characteristics Number (%)
Donor

HLA-matched unrelated
HLA-mismatched unrelated
HLA-matched related
Haploidentical

59 (49)
19 (16)
34 (28)
9 (7)

АВО-compatibility
Matched
Major
Minor
Mixed
Data not available

55 (45)
33 (27)
26 (21)
4 (3)
3 (2)

CMV status
Seronegative donor/seronegative recipient
Seropositive donor/seronegative recipient
Seronegative donor/seropositive recipient
Seropositive donor/seropositive recipient
Data not available

25 (21)
11 (9)
41 (34)
42(35)
2 (1)

Source of the graft
Bone marrow
Peripheral blood stem cells

59 (49)
62 (51)

Number of CD34+ cells х 106 /kg, median (range) 
Bone marrow (BM)
Peripheral blood stem cells

 
2.7 (1-8.6)
6.2 (1.5-19.9)

Conditioning regimen
Busulfan-based
Melphalan-based

111 (92)
10 (8)

Busulfan dosage
12 mg/kg
10 mg/kg
8 mg/kg

5 (4)
28 (24)
78 (64)

GVHD prophylaxis
ATG-based
PTCy-based
CsA/tacrolimus-based
Other

25 (21)
79 (65)
15 (13)
2 (1)

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/m2 in combination with fludarabine 
180 mg/m2 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).

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. 

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. 

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 

Figure 1. Cumulative incidence of poor graft function 
post-HSCT in CML patients
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Figure 2. One-year cumulative incidence of relapses and NRM after allo-HSCT in CML patients

Figure 3. One-year overall and event-free survival after allogeneic HSCT in CML patients
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(PrGF) (n=8) were administered G-CSF, 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 2nd 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 sPGF 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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Table 3. Potential risk factors for the graft failure after allo-HSCT in CML patients

Characteristics Group PrGF (-) PrGF (+) p sPGF (-) sPGF (+) P
Age <30

30-50
>50

29 (94)
64 (91)
20 (100)

2 (6)
6 (9)
0 (0)

0.52 31 (100)
60 (84)
19 (95)

0 (0)
10 (16) 
1 (5)

0.05

Sex Male
Female

70 (91)
43 (98)

7 (9)
1 (2)

0.26 70 (91)
40 (91)

7 (9)
4 (9)

1.0

Status of CML at the time 
of allo-HSCT

CP
CP>1
AP
BC

20 (95)
55 (93)
27 (90)
11 (100)

1 (5)
4 (7)
3 (10)
0 (0)

0.85 17 (81)
54 (92)
28 (93)
11 (100)

4
5 (8)
2 (7)
0 (0)

0.35

Cytopenia during TKI 
therapy

Yes
No

25 (93)
88 (94)

2 (7)
6 (6)

1.00 85 (90)
25 (93)

9 (10)
2 (7)

1.0

BCR-ABL kinase domain 
mutations

Yes
No

37 (90)
76 (95)

4 (10)
4 (5)

0.44 36 (85)
74 (93)

5 (15)
6 (7)

0.51

Additional chromosomal 
aberrations

Yes
No

36 (86)
77 (97)

6 (14)
2 (3)

0.02 41 (98)
69 (87)

1 (2)
10 (13)

0.09

HLA matching Matched
Mismatched
Haploidentical

89 (96)
17 (89)
7 (78)

4 (4)
2 (11)
2 (22)

0.05 84 (90)
18 (95)
8 (89)

9 (10)
1 (5)
1 (11)

1.0

АВО-compatibility Matched
Major
Minor
Mixed

52 (95)
30 (91)
25 (96)
3 (75)

3 (5)
3 (9)
1 (4)
1 (25)

0.48 51 (86)
29 (88)
24 (92)
3 (75)

4 (14)
4 (12)
2 (8)
1 (25)

0.59

CMV status Seronegative donor/ 
seronegative recipient

23 (92) 2 (8) 1 22 (88) 3 (12) 0.63

Seropositive donor/ 
seronegative recipient

11 (100) 0 (0) 9 (82) 2 (18)

Seronegative donor/ 
seropositive recipient

38 (93) 3 (7) 38 (93) 3 (7)

Seropositive donor/ sero-
positive recipient

39 (93) 3 (7) 39 (93) 3 (7)

Source of the graft 0.16 1.0
Bone marrow (BM) 53 (90) 6 (10) 54 (92) 5 (8)
Peripheral blood stem 
cells (PBSC)

60 (97) 2 (3) 56 (90) 6 (10)

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) 71 (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 

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

Figure 5. Timeline of severe poor graft function (SPGF) in a group of CML patients

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-

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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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 sPoGF.

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 PrGF. 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 sPGF, 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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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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Пре- и посттрансплантационные факторы, 
ассоциированные с первичной недостаточностью 
и тяжелой дисфункцией трансплантата после 
аллогенной трансплантации гемопоэтических стволовых 
клеток при хроническом миелоидном лейкозе

Елена В. Морозова, Татьяна А. Рудакова, Юлия Ю. Власова, Мария В. Барабанщикова, Татьяна Л. Гиндина, 
Александр Л. Алянский, Мария Д. Владовская, Иван С. Моисеев, Людмила С. Зубаровская, Александр Д. Кулагин
НИИ детской онкологии, гематологии и трансплантологии им. Р. М. Горбачевой, Первый Санкт-Петербургский 
государственный медицинский университет им. акад. И. П. Павлова, Санкт-Петербург, Россия

Резюме
Аллогенная трансплантация стволовых клеток 
(алло-ТГСК) используется во всем мире для дол-
госрочного контроля и лечения злокачественных 
новообразований системы крови, по-прежнему 
оставаясь методом выбора в лечении хронического 
миелоидного лейкоза (ХМЛ) у пациентов, которые не 
могут достичь длительного полного цитогенетиче-
ского ответа после лечения ингибиторами тирозин-
киназы (ИТК), а также на поздних стадиях заболе-
вания. Наряду с риском рецидива, неблагоприятные 
результаты ТГСК могут быть связаны с первичной 
недостаточностью (ПНТ) или плохой функцией 
трансплантата (ПФТ). Следовательно, целью нашего 
исследования было оценить частоту и исход ПНТ и 
тяжелой плохой функции трансплантата (ПФТ) по-
сле алло-ТГСК у пациентов с ХМЛ.

Пациенты и методы
Мы провели ретроспективный анализ 121 случая 
ХМЛ, которым проводилась алло-ТГСК в НИИ 
им. Р. М. Горбачевой ПСПбГМУ им. И. Павлова за по-
следние 25 лет. ТГСК была показана в случаях про-
двинутой фазы заболевания или резистентности/
непереносимости ИТК у пациентов с ХМЛ. Уровни 
транскриптов BCR/ABL и дополнительные хромо-
сомные аномалии использовались в качестве лабо-
раторных маркеров персистирующего заболевания. 
80 пациентам (66%) трансплантацию проводили 
в хронической фазе заболевания (ХФ); 41 пациент 
(34%) находился в фазе акселерации (ФА) или бласт-
ном кризе (БК) на момент ТГСК. Трансплантацию от 
совместимых неродственных доноров выполняли в 
65% случаев; от совместимых родственных доноров – 
в 28%, и от гаплоидентичных доноров – в 7% случаев. 

Результаты
Приживление трансплантата отмечено у 106 паци-
ентов (88%). Посттрансплантационные рецидивы 
зарегистрированы у 31 пациента в сроки от 15 до 

333 дней после ТГСК. ПНТ была зарегистрирована 
в 8 случаях (7%). У двух пациентов развилась вто-
ричная недостаточность трансплантата в течение 
двух месяцев после первичного приживления с ле-
тальными инфекционными осложнениями. Тяжелое 
нарушение функции трансплантата (ПФТ) диагно-
стировано в 11 случаях (9%), при кумулятивной ча-
стоте 10% в течение 1-го года после трансплантации. 
Среди различных предтрансплантационных харак-
теристик, фактор возраста и, особенно – наличие до-
полнительных хромосомных аномалий (ДХА) были 
связаны с кумулятивной частотой первичной и тя-
желой вторичной недостаточности трансплантата 
после ТГСК. Т.е. ПНТ составил 14% в группе с выяв-
ленными ДХА по сравнению с 3% в группе без ДХА, 
(p=0,02), тогда как частота вторичной недостаточ-
ности трансплантата у пациентов с ДХА составила 
2% против 12% в группе без АЦА (p=0,09). Частота 
посттрансплантационных рецидивов у пациентов с 
ПНТ и ПФТ не различалась.

Выводы
Первичная недостаточность трансплантата (ПНТ) 
способствует безрецидивной смертности в течение 
первого года после алло-ТГСК у пациентов с ХМЛ. 
Возникновение посттрансплантационных рециди-
вов не было связано с ПНТ И ПФТ при ХМЛ. Для 
улучшения эффективности технологий ТГСК необ-
ходима дальнейшая оценка факторов риска несосто-
ятельности или плохой функции трансплантата.

Ключевые слова
Хронический миелоидный лейкоз, трансплантация 
гемопоэтических стволовых клеток, показания, не-
состоятельность трансплантата, факторы риска.
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