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Summary

Additional chromosomal abnormalities (ACA) are
rather common in Ph+ acute lymphoblastic leukemia
(ALL). However, their prognostic significance in the
era of protein tyrosine kinase inhibitors and allogeneic
hematopoietic stem cell transplantation (allo-HSCT) is
still poorly known. A recent study [1] has shown that
ACA exert unfavorable effect upon HSCT results in
adult patients with Ph+ALL.

Patients and methods

We have performed a retrospective analysis of treatment
results for a mixed cohort of the patients with Ph+ ALL,
including 19 children (aged 5 - 18 y.0.) and 46 adults
(aged 19 - 57 y.0.) who received allo-HSCT at our Insti-
tute over 2008 to 2015. Among sixty-five subjects with
Ph+ ALL, the results of standard cytogenetic studies
were available for 53 patients.

Results

Thirty-three patients of 53 (51%) exhibited an isolated
t(9;22) translocation. ACA were revealed in 20/53 pa-
tients (31%), including 13/53 (20%) subjects with 3 and
more chromosome abnormalities. Chromosomes 1, 5, 7,
8,9, 22 were most commonly affected with additional
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anomalies. Structural abnormalities attributable to ACA
were imbalanced in 16 patients (80%), whereas only 4
patients (20%) showed balanced translocations. In a uni-
variate analysis, significance was shown for the donor
type (matched related and unrelated vs haploidentical,
p=0.02), clinical stage at HSCT (1% remission vs other
stages, p=0.01, for EFS only), additional chromosomal
abnormalities (ACA-negative vs ACA-positive, p=0.04,
for OS only), and, in particular, complex chromosomal
aberrations (<3 anomalies vs >3 anomalies, p=0.01, for
OS only). According to multivariate analysis, the num-
ber of additional chromosomal abnormalities per kary-
otype (HR 2.79, 95% CI 1.23-6.34; p=0.01, for OS only)
and clinical stage at HSCT (HR 2.15, 95% CI 1.13-4.09;
p=0.01, for EFS only) are independent prognostic fac-
tors for clinical outcomes.

Conclusion

The study has shown that complex chromosomal anom-
alies and the stage of disease at the moment of HSCT
are independent prognostic factors in a mixed cohort of
Ph+ ALL patients treated with hematopoietic stem cell
transplantation.
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Introduction

Ph!-positive acute lymphoblastic leukemia (Ph+ALL) ranks
a special place among lymphoid tumors. Initially, Ph! pos-
itivity in ALL cells seemed an unexpected finding, since it
challenged a specificity of t(9;22) translocation for chronic
myeloid leukemia [17]. Afterwards, upon data gaining, it has
become clear that Ph+ ALL may occur in all age groups, be-
ing more common in aged people, with minimal rates shown
for children. Its prevalence is as high as 20% among adult
ALL patients [15]. Until more recent times, the Ph+ ALL was
considered an extremely unfavorable clinical variant with re-
spect to all known treatment modes including hematopoie-
tic stem cell transplantation (HSCT) [15]. This problem was
solved as soon as different tyrosine kinase inhibitor drugs
(TKIs) were introduced to clinics, thus enabling stable mo-
lecular remissions of the disease [3,6,13,18], and their usage
for successful HSCT [2,16,23] including autologous (auto-)
HSCTs [4,7,8,25]. ACA in Ph+ ALL are commonly seen, be-
ing described for 30-60% of the cases [5, 11, 14, 24]. Evalua-
tion of allo-HSCT outcomes has shown that their prognosis
depends on presence or absence of additional chromosome
aberrations in cases of Ph' chromosome positivity [1]. More-
over, it should be kept in mind that the ACA in Ph+ ALL
patients could not be definitive. In particular, efficiency
of chemotherapy and HSCT may be very good in cases of
Ph' chromosome combined with high hyperdiploidy [22].
We have previously confirmed it in our studies [9]. Such
clinical aspect seems to be of high importance, in view of
revisiting auto-HSCT for Ph+ ALL treatment [7,8,25].

Our study concerned a retrospective analysis of allo-HSCT
performed in a mixed cohort of children and adults with Ph+
ALL who exhibited different clinical, transplant and cytoge-
netic characteristics.

Patients and Methods

The study was performed in a group of sixty-five patients
with Ph+ ALL who underwent allo-HSCT at the First St.
Petersburg I. Pavlov State Medical University over 2008 to
2015. We have used short-term 24-hour culturing of bone
marrow cells without mitogen stimulation. Cytogenetic
studies were carried out with a GTG chromosome staining
using a standard technique [9]. Fluorescent in situ hybridiza-
tion (FISH) with specific DNA probes proceeded according
to the manufacturers’ protocols (MetaSystems, Germany;

CytoCell, Great Britain). Interpretation of chromosomal ab-
errations was performed in accordance with an International
System for Human Cytogenetic Nomenclature [20].

Evaluation of overall survival (OS) and event-free survival
(EFS) was carried out in the patients with different demo-
graphic and clinical characteristics including gender and age,
donor type, clinical state at the HSCT, conditioning regimen,
source of stem cells and number of stem cells transplanted.

The overall survival (OS) has been determined as the time
period passed since HSCT to the patient’s death (for any rea-
sons), or until the last examination date. Event-free survival
(EFS) was evaluated as a time from HSCT to any adverse event
(non-achievement of remission post-transplant, relapse, or
death for any reasons), or till the last examination date.

Statistical evaluation was performed with digital package ‘R
version 3.1.1. (The R Foundation for Statistical Computing,
Vienna Austria 2012). Survival curves have been plotted,
according to Kaplan-Meier analysis. The survival plots were
compared by means of a log-rank test; confidence levels by
P<0,05 were considered significant. Multivariate analysis has
been performed by the Cox regression model.

Results

The group of patients included 26 females (40%), and 39
males (60%), at the age between 5 and 48 years (a median
of 26 years). Table 1 represents clinical and transplantation
characteristics of the cohort under study. Thirty-one patients
(48%) received allo-HSCT in the 1 remission, 20 subjects
(31%) were transplanted in the 2" remission, whereas 14
(21%) of the patients underwent allo-HSCT in active stage
of the disorder. Bone marrow was a source of stem cells in
31 patients (48%), whereas peripheral blood stem cell trans-
plants were used in 32 subjects (49%). Two patients got stem
cells from the both sources. Reduced-intensity conditioning
regimens (RIC) were used in 36 cases (55%), myeloablative
treatment, in 29 cases (45%). Eighteen patients (28%) had
HLA-identical sibling in their families; whereas 42 patients
(65%) could be transplanted from HLA-matched unrelated
donors found in an international registry. In 5 cases (7%),
a related haploidentical HSCT was performed, since HLA-
matched donor was absent in the family or blood donor
Registries.
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Table 1. Clinical and transplantation characteristics of Ph+ ALL patients under study

Total patient number, n (%) 65 (100)
Females, n (%) 26 (40)
Males, n (%) 39 (60)

Age, n (%)

<18yo. | 19(29)

>18 y.o. | 46 (7)

Median (range) at the time of allo-HSCT, years

26,2 (5-48)

Cytogenetics, n (%)

t(9:22)/BCR-ABL without ACA | 33 (1)

t(9:22)/BCR-ABL with ACA | 20 (31)

<3 aberrations | 40 (62)

>3 aberrations | 13 (20)

t(9;22)/BCR-ABL (molecular tests) | 13 (18)

Clinical stage at allo-HSCT, n (%)

Tt remission | 31(48)

>2 remissions | 20 (31)

Active disease | 14 (21)

HSC source, n (%)

Bone marrow 31(48)

Peripheral blood | 32 (49)

Bone marrow + peripheral cells | 2(3)

Donor gender

female | 27 (41)

male | 38 (59)

Conditioning regimen, n (%)

Muyeloablative 29 (45)

Reduced dose intensity | 36 (55)

Donor type, n (%)

HLA-id sibling | 18 (28)

Matched unrelated 42 (64)

Haploidentical related | 5 (8)

Median (range) of D34+ cells transplanted, x10¢/kg

6,03 (13-12.2)

Cytogenetic characteristics of Ph-positive ALL
Primary diagnosis of Ph+ ALL was established by a standard
cytogenetic examination performed in 53 (80%) of the pa-
tients. In 12 subjects (18%), the diagnosis was based on a
fusion chimeric BCR-ABL gene found by FISH technique
and chimeric bcr/abl transcript (p190 and/or p210) revealed
with PCR.

Afterwards, we considered karyotypic changes in 53 pa-
tients with described pre-transplant cytogenetics. A t(9;22)
(934;q11) translocation, as sole karyotypic aberration, has
been revealed in 33 patients, including 9 children (38%) and
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24 (62%) adults. Accessory chromosomal anomalies were
found in 20 patients, 5 (33%), in children and 15 (67%) in
adults. The cytogenetic data for the 20 patients with addi-
tional chromosomal aberrations (ACA) are represented in
Table 2. Both quantitative and structural ACA have been
detected. Numerical abnormalities beared, mainly, on the
chromosomes 1, 7, 8, 9, 10, being found in 12 out of 20 cases
(60%). Trisomy 1 was nonrandom, being found in 2 patients
(Ne5, 6). Similar repeated findings were made for trisomy10
(Ne4, 20), trisomy 22 (Ne4, 16), monosomy 7 (Ne8, 12). Triso-
my 2 (in Ne20), trisomy 17 and 19 (Ne2), monosomy 9 (Ne16)
were revealed in single patients.
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Table 2. Karyotypes of the patients with Ph+ ALL with additional chromosomal abnormalities (ACA)

Ne Gender, age Karyotype >3 anomalies
1 f,7 47 XX, del(1)(q12),add(1)(q12),add(2)(q31),add(4)(p12),del(4)(q21),-8,der(9)del(9)(p13)t(9;22) +
(q34:q11),del(14)(q24).der(15)t(215)(q?:q24),der(22)t(9;22) +marl,+mar2
2 m, 13 48 XY,add(5)(q35),t(9;22)(q34;,q1),+17,i(17)(q10),+19 +
3 m, 17 46,XY,t(9;22)(q34;,q1)/46,idem,del(9)(q12922) -
4 m, 17 48 XY,del(5)(q31935),t(9;22)(q34;q11),+10,der(10)t(10;17)(q22;q21) +22 +
5 m, 18 47 XY,+1,£(9;:22)(q34,q11)/47,idem,del(9) (p21) +
6 f, 21 47 XX, +1,del(1)(p22),t(9;22)(q34;q1) +
7 f 21 46,XX,t(9;22)(q34;q11),-14,-18,+marl,+mar2 +
8 m, 23 45XY,-7,£(9;22)(q34:q1),der(16)t(15;16)(q15;q12) +
9 m, 23 47 XY,+8,der(9)t(4;9)(q22;p23),£(9:22)(q34:q11) +
10 f 29 46,XX,t(8;12)(q11;p11),t(9;22)(q34;q11) -
m m, 29 46,XY,t(214)(033;032),£(9;22)(q34:q11) -
12 f,29 46,XX.t(9;22)(q34;q11)/45,idem,-7/46,XX,t(9:22) (q34:q11).del(11)(q23) +
13 m, 30 46,XY,(9:22)(q34;q11),del(12)(p12p13) -
14 m, 30 47 XY,£(9:22)(q34:q11),+der(22)t(9;22) -
15 m, 34 46,XY,t(7,9)(q11;p13),£(9;22)(q34;q11) -
16 f,37 47 XX.der(6)t(6;12)(q23;q13)ins(6;13)(q23;q13q34),-9,der(12)t(6;12)(q23;q13), del(13) +
(q14),+22,+22,der(22)t(9;22)x2
17 m, 38 46,XY,del(2)(p?13),t(3:11)(p21;p15).del(5)(q31q35),add(7) (p22)x2,t(9;22)(q34;q11) +
18 m, 42 46,XY,der(1)t(1;8)(q42,q11),del(1)(g32),t(27)(p11;p13),der(4)t(4;21)(p16;q22), der(4) +
t(4;8) (p16;q1)ins(4;1)(p16;q42q21),der(5)t(1;5)(q21;q35),der(5)t(5;7)(q35;p22),t(21;9;22)
(922:934,q11),der(9)t(5:9)(q13;q34), del(11)(q23), der(11)t(8;11)(q11;923).der(14)t(8;14) (q11;p11)
ins(14;1)(p11;,q42q21), der(19)t(8;19)(q11;p13),der(22)t(8;22)(q1T;p1)ins(22;1) (p11;q42q21)[cp20]
19 f, 43 46,XX.t(3;7)(q13;p13),£(9;22)(q34:q11) -
20 | f 48 49, XX,+2,t(9;22)(q34;q1),+10,+mar +

Note: additional chromosomal abnormalities are marked red.

Additional structural aberrations [except of t(9;22)] were reg-
istered in 20 patients. These were unbalanced in 16 of 20 cases
(80%). Meanwhile, only 4 patients (20%) exhibited reciprocal
translocations. Detailed evaluation of the chromosomal altera-
tions, i.e., complete or partial monosomies and trisomies, is rep-
resented in Fig.1. Chromosomes 5, 7, 9, 2, 1, 17, 22 were most
commonly involved into additional structural rearrangements.
E.g., deletions and translocations in the short arm (p) of the
chromosome 9 were observed in 4 patients out of 20 (\el, 5, 9,
15); reciprocal and unbalanced translocations with involvement
of 7p were found in 3 cases (Nel7, 18, 19). Interstitial deletions
and unbalanced translocations under involvement of 5q have
been registered in 4 patients (N2, 4, 17, 18); deletions/translo-
cations with chromosome 1, in 3 cases (Nel, 6, 18); deletions
and translocations of the chromosome 2, in 4 subjects (Nel,

11, 17, 18). A structurally changed chromosome 17 was noted
in 2 cases, as an isochromosome 17q (Ne2), or as a partner in
unbalanced translocation (Ne4). An accessory derivate of the
chromosome 22 was revealed in two patients (Ne14, 16). Unbal-
anced rearrangements involving other chromocomes occured
occasionally.

A karyotype with three and more chromosomal aberrations
was revealed in 13 patients (20%). As an example, the karyo-
grams with a variant t(21;9;22)(q22;q34;q11) translocation and
compound chromosomal abnormalities are presented on Fig. 2.
The latter include jumping’ segments (1q, 8q, 1q8q) to the part-
ner chromosomes 1, 4, 5, 14, 19, 21 in a patient with chemore-
sistant Ph+ ALL (Ne18).
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Figure 1. Figure illustrates the additional cytogenetic
alterations in the cohort of Ph-positive ALL with the
support of CYDAS (http://www.cydas.org/OnlineAnaly-
sis/) [12]. Chromosomal gains are marked in green to
the right, losses in red to the left. The thickness of
the bars represents the number of cases showing the
respective chromosomal gain or loss.
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Figure 2. Karyograms of a bone marrow cells from a patient with chemoresistant Ph+ ALL and complex chromosomal
abnormalities including a variant translocation t(21;9;22) and 'jumping’ segments (1q, 8q, 1q-8q) to the partner chro-
mosomes 1, 4, 5, 14, 21 (A,B - GTG banding; C,D, multi-coloured FISH).
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Effects of cytogenetic, clinical and transplan-
tation parameters upon clinical outcomes of
allo-HSCT in the Ph+ALL patients

Furthermore, we performed an OS and EFS analysis in the
patients different for their clinical and biological characteris-
tics, e.g., gender, age, disease state, donor type, conditioning
regimen, source of stem cells, presence of additional chro-

mosomal aberrations and complex karyotypic abnormalities
(=3 per a karyotype).

A univariate analysis (Table 3) has shown significant differenc-
es in OS and EFS after allo-HSCT for the patients differing in
their clinical stage at transplantation (for EFS only), donor type,
as well as for groups with ACA, complex chromosomal aberra-
tions (=3 per karyotype), or ACA-free.

Table 3. Univariate analysis of overall survival (0S) and event-free survival (EFS) for the patients under study

Factors evaluated Number of 5-year 0S P, 5-year P,
patients (%) (%) log-rank EFS (%) log-rank

Gender

Female: 26 (40) 43 28

Male: 39 (60) 44 034 21 0,62

Age

<18 years 19 (48) 37 16

>18 years 46 (52) 48 0,54 35 0,65

(linical stage at allo-HSCT

1t remission 31(48) 4 34

Other stage 34 (52) 42 023 15 0,01

Donor type

HLA-id sibling 18 (28) 60 27

Matched unrelated 42 (64) 4 28

Haploidentical 5(8) 20 0,02 0 0,02

Stem cell source

Peripheral blood 33 (44) 44 3

Other sources 32 (4) 37 0,80 32 0,12

Conditioning regimen

Muyeloablative 29 (45) 36 18

Reduced dose intensity 36 (55) 53 0,82 34 091

Number of transplanted (D34+ cells

>6x10%/kg (median) 21(28) 36 25

<bx10%/kg (median) 41(72) 46 0,95 20 0,13

Time interval from diagnosis to allo-HSCT

<1 year 32 (56) 59 34

>1 year 33 (44) 33 031 18 0,92

Additional chromosomal abnormalities:

Absence 33 (62) 56 31

Presence 20 (38) 20 0,04 20 0,56

Number of additional chromosomal

abnormalities

3 40 (75) 54 31

>3 13 (25) 18 0,01 18 0,29

Our data suggest that clinical efficiency was higher for trans-
plantations performed at the 1* remission (for EFS only), in
cases of matched related and unrelated donors, in absence
of ACA in karyotype (for OS only), and, in particular, for
complex chromosome aberrations (for OS only) (Fig. 3, 4).

Meanwhile, no significant differences were obtained in the
patients differing for their age, gender, conditioning regi-
mens, stem cell source, time period from initial diagnosis to
HSCT, and amount of transplanted CD34+ cells.
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Figure 3. Overall survival after allo-HSCT in Ph+ ALL patients dependent on the presence of additional chromosomal
abnormalities [except of t(9;22)] (left); and presence of >3 additional chromosomal aberrations (right).
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The results of multivariate analysis (Table 4) have shown that
a presence of >3 chromosomal abnormalities in karyotype
is an independent predictor for OS in ALL patients with

Figure 4. Event-free survival after allo-HSCT in Ph+ ALL
patients dependent on clinical stage at time of HSCT

t(9;22)/BCR-ABL translocation. Meanwhile, clinical stage at
the time of allo-HSCT seems to be an independent predictor
of event-free survival (EFS) of these patients.

Table 4. Multivariate analysis of survival predictors post-HSCT in Ph'-positive ALL

5-year overall survival

5-year event-free survival

(linical stage at allo- HSCT
(other than T+ remission)

Predictors
Hazard ratio P Hazard ratio 95% (I P
Number of additional chromosomal 2,79 123-6,34 0,014
aberrations (=3)
215 113-4,09 0,019
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Discussion

Our study has confirmed recent conclusions on predictive sig-
nificance of ACA in Ph+ALL patients [1]. According to sev-
eral studies [5, 24], ACA in Ph+ ALL took place in 30-60% of
these patients, and some of them underwent HSCT. As a rule,
ACA affect chromosome pairs 7 to 9, 21 and 22 [11, 24]. Since
advent of tyrosine kinase inhibitors (TKIs), predictive signifi-
cance shifted towards ACA of chromosomes 9 and 22, making
questionable a predictive role of other chromosomes. [21]. In
our cohort, the structural changes in chromosomes 9 and 22
with 9p deletion and accessory Ph’-chromosome encountered
in 6 patients. Moreover, ACA included also structural changes
of chromosomes 5 (n=4), 7 (n=3), 1 (n=3), 17 (n=2) and some
others. When discussing a role of ACA in Ph+ ALL patients,
one should mention that some of them, by contrary, might
lengthen OS and EFS. In particular, such situation is typical to
the patients with a combination of one or two Ph'-cromosomes
with high hyperdiploid karyotype [5, 19, 22]. In most of them,
it was rather easy to achieve complete remission, due to posi-
tive predictive effect of high hyperdiploidy. Such patients were
absent from our cohort. In the past, however, we have observed
several ALL patients with two Ph’ chromosomes and high hy-
perdiploid karyotype who developed complete remission, even
at standard chemotherapy, without TKTs, with subsequent con-
solidation by means of autologous HSCT [9]. Some workers
presume that only a combination of glucocorticoids and TKT’s is
today sufficient to achieve a molecular remission, which could
be fixed with auto-transplant [4, 7, 8]. As seen from our results,
this cohort is heterogeneous, with respect to cytogenetic and
prognostic parameters. Hence, appropriate therapy should be
differentiated and based on cytogenetic data. In case of “favora-
ble” combination of Ph’ chromosome and high hyperdiploid
karyotype, the patients should be initially prepared by gluco-
corticoids and TKIs (without application of), then followed
by auto-HSCT. What concerns more toxic protocols of thera-
py followed by auto-HSCT, they should be used, first of all, for
treating the patients with other ACA types. Moreover, chemo-
therapy causes both de novo chromosome damage in Ph+ cells,
and triggers a complex, prognostically adverse process of clonal
evolution [10]. A resulting delay with HSCT in adult patients
with Ph+ALL also remains unacceptable.

Conclusion

Our data show broad cytogenetic heterogeneity among
leukemia patients with Ph+ ALL before HSCT. A signifi-
cant subgroup exhibits additional chromosomal abnormal-
ities which are associated with inferior clinical outcomes
post-transplant. This phenomenon can be due to clonal evo-
lution of malignant karyotype, or chemotherapy performed
before HSCT, thus requiring further studies in the field.
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Pe3ynbTatbl anIOreHHON TPaHCMIaHTaLMmN reMmonoa-
TUYECKMNX CTBOJOBbIX KJIETOK B CMELLIAHHON KoropTe
bonbHbIX ¢ Ph-n03uTUBHBIM OCTPbIM NMUMPO6NACTHLIM
NenKo3om

Tarpsana JI. Iuapuna, Huxkonait H. Mamaes, Enena C. Hukonaesa, Vipuna A. IlerpoBa, Enena . [Japckas,
Omnbra B. IInporosa, fIna B. I'ynoxuukoBa, Onecs B. Ilauna, Anexcangp JI. Ananckmuii, Cepreit H. bougapenko,
JTropmuna C. 3yb6aposckas, bopuc B. Apanacres

HVMW petckoit oHKoMOrMM, TeMaTonornu 1 Tpancmiantonoruy uM. P. M. TopbaueBois; kadenpa reMaTonornim,
tpancdysnonorun u Tpancantonornu [1110, [Tepsoiit Cankt-IleTep6yprckuit focymapcTBeHHBI MEAUIIMHCKIUI
yHuBepcureT uM. akaj. V. I1. ITaBnosa

Pe3slome

JomonHuTenpbHple XpoMocoMHble aHoMmammy (JIXA)
npu Ph-nosutrBHOM ocTpoM M 06/1acTHOM /eliKo3e
(Ph+ OJIJT) BcTpeyarTcst JOBOMBHO YacTO, OFHAKO, MX
IIPOTHOCTIYECKOe 3HaUeHNUE B 9Py TUPO3UH-KUHA3HBIX
VHTMOUTOPOB ¥ a/UVIOT€HHOI TPAaHCIIAHTALM/ TeMOTIO-
TUYECKUX CTBOMOBBIX KeToK (amwio-TI'CK) mo koHIa
He u3y4deHo. HeaBHee nccnenoBanme [1] moxasarno, 41o
IIX A oKkasbIBaIOT HeOIArONPUSTHBII 3(h(HeKT Ha pe3yib-
TaThl TPAHCIUIAHTALNY Y B3pOCIbIX 60/mbHbIX Ph+ OJIJL.

MALEHTBI U METO/LbI

ITpoBeneH peTpOCIEKTUBHDIN aHA/IN3 Pe3yNIbTaTOB Jieye-
HYISI CMeLIaHHOJ KoropTsl 60mbHbIX Ph+ OJIJI, 19 neteit
u 46 B3pocibix, KoTopbiM amio-TTCK 6b1a BeIoTHEHA
B HalleM yHuBepcutere B epuop ¢ 2008 mo 2015 roppr.
Cpenu 65 60mpHbIX Ph+ OJIJ, aHHBIE CTAHAAPTHOTO 1M~
TOTeHEeTUYeCKOro nccnenoBauys meper auro-TTCK 6pumm
TOCTYIIHBI Y 53 OO/IBHBIX.

PE3VNbTATbI

Tpupuars Tpu u3 53 60mpHBIX (51%) MMen U30MUPO-
BaHHYI0 TpaHcmokauuio t(9;22). [IXA ObUIM BbISBIEHBI
y 20/53 (31%) 60nbHBIX, BKI0Yast 13/53 (20%) 60mMbHBIX
¢ 3 u 6onee XpoMOocoMHbIMHU aHOMa/msAMu. Hanboree
JaCTBIMJ XPOMOCOMaMY, BOBJIEKAIOLIVIMILCS B [JOTIOTTHY-
Te/IbHbIe HapyeHus 6pumu 1, 5, 7, 9, 22. CTpyKTypHBIe
aHoMasyy u3 uncna JIXA 6bU1 HecHanmaHCHPOBAHHBIMU

y 16 (80%) 6071bHBIX, B TO BpeMs TONBKO 4 (20%) 6071b-
HBIX VMMeny cOanaHCMpOBaHHbIE TpaHCIoKauuu. [Ipm
OBHO(AKTOPDHOM aHamM3e IPOTHOCTUYECKUMU (ak-
Topamu, cBsa3aHHbIMU ¢ rydineii OB n BCB 6pumn Tun
HoHOpa (COBMECTVMMBINI POJICTBEHHBI/COBMECTVMBIN
HEPOJICTBEHHBII VS. TaIVIONieHTUYHbI; p=0,02), KIuHm-
veckuii craryc Ha MoMeHT TT'CK (1 pemumccus vs. opyroi
craryc; p=0,01, Tonbko mra bCB), HomonHUTeIbHBIE XPO-
MocomHble aHoMamuu (JXA- vs. IXA+; p=0,04, TompKO
mwist OB) 1, 0COGEHHO, KOMIUIEKCHBIE XPOMOCOMHBIE
anomamuu (<3XA vs >3XA; p=0,01, tonbko mnss OB).
CoracHO MHOro(aKTOPHOMY aHAIM3y He3aBMCHMBIMU
IIPOTHOCTUYECKVMY (aKTOpaMyi KIMHNIECKUX VICXOJIOB
SIBJISIIOTCST KOMIUIEKCHbIE XPOMOCOMHBIE aHOMa/IMyi Ha
kapuotun (HR 2,79, 95% IOU 1,23-6,34; p=0,01, TonpKO
mra OB) n wmHMdecknit craryc Ha MoMeHT TI'CK (HR
2,15, 95% OIN 1,13-4,09; p=0,01, Tonbko myst BCB).

3AKJTIOYEHUE

ViccnemoBanme Imokasano, YTO KOMIUIEKCHBIE XPOMO-
COMHBIE aHOMa/IMU U CTAaTyC 3a00eBaHUA Ha MOMEHT
TI'CK ABIAITCA HE3aBUCUMBIMM INIPOTHOCTNYECKVIMMA
¢daxTOopaMu B cMelllaHHOIT KoropTe 60mbHbIX Ph+ OJIJI,
neyenubix TTCK.

Kniouesble ¢10Ba

Octpeiit  muMdobmacTHeIl 1eitko3, Ph'-mosuTuBHBIA,
anno-TI'CK, gononHnTeIbHble XpOMOCOMHbBIE AaHOMAJIUIAL.
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