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SIGNIFICANCE OF ADDITIONAL CHROMOSOMAL ABNORMALITIES
FOR THE OUTCOMES AFTER THE SECOND LINE NILOTINIB THERAPY
IN THE CHRONIC MYELOID LEUKEMIA PATIENTS
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NATIONAL RESEARCH CENTER FOR RADIATION MEDICINE OF THE NATIONAL ACADEMY
OF MEDICAL SCIENCES OF UKRAINE, KY1V, UKRAINE

Background. There is limited information about impact of additional chromosome aberrations (ACA) on
the efficacy of the 2™ line nilotinib therapy.

Objective. The aim of the study was to analyze significance of ACAs for the outcome after second line tyrosine
kinase inhibitors (TKI) therapy with nilotinib in the chronic myeloid leukemia (CML) patients, who experienced
previous imatinib therapy failure.

Methods. The CML patients in chronic phase treated with nilotinib after imatinib failure were analyzed for
outcomes.

Results. Among a total of 114 patients, 18 patients (15.8%) had ACAs at the beginning of the 2" line therapy
with nilotinib. Seven patients (38.9%) of 18 had variant translocations and 11 patients (61.1%) had other
chromosomal abnormalities in addition to t(9;22), known as clonal evolution. Complete cytogenetic response
(CCR) at 12 months was achieved in 37.5%, 42.8% and 45.5% (p=0.842) of patients with classic t(9;22) translocation,
variant translocations and ACAs respectively. In the patients with variant translocations t(9,V;22) or clonal evolution
treated with nilotinib after the imatinib failure, the CCR and major molecular response (MMR), event free survival
(EFS), progression free survival (PFS) and overall survival (OS) rates did not differ from those in the CML patients
with t(9,22) only. At the same time quantitative characteristics of leukemic and ACA clones had prognostic value
for CCR. The increased number of Ph-positive cells and the number of cells with the ACA at the start of nilotinib

therapy reduced the probability of CCR.

Conclusions. Higher nilotinib inhibitory activity compare with imatinib allows us to overcome imatinib
resistance in the CML patients regardless of the ACA presence at the beginning of nilotinib therapy.
KEY WORDS: additional chromosomal aberrations; chronic myeloid leukemia; nilotinib; second

line of TKI therapy; prognosis; resistance.

Introduction

Reciprocal translocation t(9;22)(q34;q11.2),
also known as Ph-chromosome, leads to the
formation of the BCR/ABLT fusion gene, which
is considered to be the main pathogenetic event
of chronic myeloid leukemia (CML) [1].

However, additional chromosomal abnor-
malities along with the classical translocation
t(9;22) have been described in some patients
with CML. These are usually either variant
translocations or additional chromosome aber-
rations (ACAs). In case of variant translocation
(t(9;V;22)), more than two chromosomes are
involved in the formation of t(9;22). ACAs
include any numerical or structural chromosome
aberrations in addition to t(9;22) and are called
clonal evolution. At the time of diagnosis, the

*Corresponding Author: Iryna V. Dmytrenko, National Research
Center for Radiation Medicine of the National Academy of
Medical Sciences of Ukraine, 119/121 Peremoha Avenue, Kyiv
03115, Ukraine.

E-mail: iryna.v.dmytrenko@gmail.com

frequency of ACAs is 5-10% in the patients with
chronic phase CML and increases up to 30% and
80% in the patients with acceleration phase or
blast crisis [2, 3]. A de-novo gain of ACA during
the therapy is also possible. It is established
that ACAs confer a BCR/ABL-independent
mechanism of resistance to the therapy with
tyrosine kinase inhibitors (TKI) [4]. Although,
currently, there is no final consensus about the
predictive value of ACAs, most authors point
out that the outcome of imatinib-treated
patients with ACAs is significantly lower than of
those without ACAs [5, 6].

It has been proved that nilotinib (the second
generation TKI) is effective in patients with CML
after imatinib failure [7, 8]. But the influence of
nilotinib on leukemic clones with additional
chromosomal abnormalities has not been
determined.

The objective of this study was to analyze the
significance of ACAs for the outcome after
second line TKI therapy with nilotinib in the CML
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patients, who experienced previous imatinib
therapy failure.

Methods

A retrospective study of 114 CML patients
in chronic phase treated with nilotinib after
imatinib failure was conducted. All patients
were monitored at the Department of Radiation
Onco-Hematology and Stem Cell Transplantation
of the Institute of Clinical Radiology at the
National Research Center for Radiation Me-
dicine from 2008 to 2018. Written informed
consents to use biomaterial for the research
purposes were obtained from all patients.
Among a total of 114 patients, 49 (43%) were
males and 51 (57%) - females. Imatinib for the
first line TKI therapy was administrated at a
dose of 400 mg/d with later escalation to
800 mg/d. The second line TKI therapy was
implemented with nilotinib dose 400 mg twice
a day.

Cytogenetic analysis was conducted at the
time of imatinib resistance conformation.
Karyotyping with standard GTG-banding was
performed after a 24-hour bone marrow cells
culture with no stimulation. Chromosomes
were classified according to the International
System for Human Cytogenetic Nomencla-
ture [9].

Molecular response was assessedin 3,612
months and then every 6 months during
nilotinib therapy by real-time polymerase chain
reaction as previously reported [10]. Acomplete
cytogenetic response (CCR), major molecular
response (MMR) and deep molecular response
(MR4) were defined as BCRABL1/ABL ratios 1%,
0.1%, and 0.01% respectively, on the interna-
tional scale. The first and second line TKI the-
rapy responses and resistance were defined
according to the ELNet 2013 recommenda-
tions [6].

The x?test and Fisher’s exact test were used
to compare categorical variables and the

Mann-Whitney U-test - to compare continuous
variables. The probability of overall survival
(OS), progression free survival (PFS), and event
free survival (EFS) were estimated by the
Kaplan-Meier method and compared by the
log-rank test. PFS was defined as survival
without signs of progression (transformation
into acceleration phase or blast crisis). EFS was
evaluated from the beginning of the 2" line
therapy with nilotinib to the loss of achieved
CCR or MMR, progression or death for any
cause. OS was assessed from the beginning of
the 2" line therapy till the death of any cause
during the study. The cumulative probability of
CCR and MMR was evaluated by the Kaplan-
Meier method from the beginning of the 2"
line therapy to the time of response. In this
case, the data about the patients, who had not
received any adequate response, with pro-
gressed disease or died, were censored at the
latest observation date. Univariate analyses
(Cox regression) were performed to evaluate
the prognostic significance of additional
chromosomal abnormalities. Statistical analysis
was performed using the SPSS for Windows
statistical software package (version 20.0). The
results were considered significant at p<0.05.

Results

The baseline characteristics of the patients
are summarized in Table 1.

Among 114 patients, who started the
second line therapy with nilotinib, 101 (88.9%)
were resistant to previous imatinib therapy.
Resistance was defined as failure to achieve
CCRonthefirstline of therapy. Twelve patients
(10.5%) achieved only CCR, while 1 (0.9%)
patient achieved MMR with previous imatinib
therapy. Any achieved therapy response was
completely lost in all patients with CCR and
MMR by the start of nilotinib. Pathologic clone
with classical t(9:22)(q34;911) was detected in
5-100% of cells of all patients at the time of the

Table 1. CML patients’ characteristics at the start of the 2" line therapy with nilotinib

Patient characteristics Patients with only Patients with Patients with b

t(9;22) (n=96) t(9;V;22) (n=7) ACA (n=11)

Age, median (range), years 38 (18-66) 38 (34-50) 35(20-52) 0.512

Sex, men, n (%) 40 (41.7) 3(42.9) 6 (54.5%) 0.950

Median of prior imatinib 44.0 39,0 45.0

treatment, (range), months (4.0-106.0) (13.0-48.0) (5.0-106.0) 0.578

Median of follow-up on the 52.0 42.0 32.0 0.194

2" line therapy with nilotinib, (4.0-106.0) (5.0-97.0) (1.0-79.0)

(range), months

Notes: CML - chronic myeloid leukemia; ACA - additional chromosomal aberration
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second-line therapy initiation. The median
number of Ph-positive cells with variant
translocation or with an ACA was 15% (range
of 5-100%). The median duration of prior
imatinib treatment was 43 months (range of 4
to 106 months), while the median duration of
the second-line therapy monitoring was 47
months (range of 1 to 106 months).

Among a total of 114 examined patients, 18
patients (15.8%) had ACAs at the beginning of
the 2" line therapy with nilotinib. Seven
patients (38.9%) of 18 had variant translocations
and 11 patients (61.1%) had other chromosomal
abnormalities in addition to t(9;22). Among the
other 11, 8 patients had a single chromosomal
abnormality in addition to t(9;22), while 3
patients had multiple chromosomal abnor-
malities. In the majority of patients with ACAs
(7 outof 11, 63.6%), an additional translocation
was a second Ph-chromosome (Table 2). The
patients with an isolated t(9;22) translocation,
variant translocations or ACA were not sig-
nificantly different by age, sex, and length of
treatment before the beginning of the second-
line therapy.

In order to evaluate the effect of ACAs on
response to the second-line TKI therapy, the
extent of tumor clone reduction in 12 months
of therapy, the probability of CCR and MMR, as
well as long-term outcomes (EFS, PFS and OS)
were evaluated in all 114 patients with CML,
treated with nilotinib after imatinib failure.

The presence of ACAs and variant trans-
locations at the beginning of the 2" line therapy
did not affect the rate of the tumor clone re-
duction. The CCR in 12 months (optimal res-
ponse according to ELNet2013) was achieved
in37.5%, 42.8% and 45.5% (p=0.842) of patients
with classic t(9;22) translocation, variant
translocations and ACAs respectively. In 12
months, about 50% of patients were resistant
to the second line TKI therapy (BCR/ABL>10%
in 12 months of the therapy according to
ELNet2013). The rate of resistance did not differ
between the groups: 51.0%, 57.1% and 54.5%
in the patients with classic t(9;22) translocation,
variant translocations and ACAs, respectively
(Table 3).

No differences in the rates of disease
progression and lethal outcomes were found

Table 2. Karyotypes of bone marrow cells with variant translocations and additional
chromosomal aberrations in the CML patients at the beginning of nilotinib therapy (n=18)

Number of Ph+ Number of
Ne | Sex metaphases, % metaphase Karyotype
! with ACA, %

1 F 95 100 46,XX,t(9;22;?)(q34:q11;2)[19] 46,XX[1]

2 F 100 100 46,XX,t(5;9;22)( q31;934;q11)[20]

3 F 100 5 46,XX,1(9;22)(q34;q11)[19]/idem, +der(22)t(9;22) [1]

4 | M 73 53,3 46,XY,t(9;22)(q34;q11)[3]/idem,+der(22)t(9;22)[8]/46,XY[4]

5 M 100 100 46,XY,t(6;9;22)(p22;934,q11)[20]

6 F 100 100 46,XX,der(9)t(9;2;22)(q34;?;911)[20]

7| M 85 5 46,XY,t(9;22)(q34;q11)[5]/ idem,+der(22)t(9;22)

[1]/46,XY[14]
8 | M 100 70 46,XY,t(9;22)(q34;q11)[6]/idem,+der(22)t(9;22)[11]/
idem,+der(22)t(9;22),+7[3]
9 | M 100 100 47 XY,1(9;22)(q34;q11),+der(22)t(9;22)[14]/ idem,+12[2]
10| F 50 42,5 47,XX,t(9;22)(q34;q11),+der(22)t(9;22)[17]/ 46,XX,t(9;22)
(934;911)[13]/46,XX[20]

11| M 30 30 46, XY,t(3;9;22)(p25;934:q911)[6] /46,XY[14]

12| F 100 30 47,XX,£(9;22)(q34;q11),+3[6]/ 46,XX,t(9;22)(q34;q11)[14]

13| M 20 100 46~48 XY,(9;22)(q34;q11)[4],del(10)(p11.2)[5],
+12[2],+13[12],+14[2]+15[4] [cp20]

14 | F 100 100 46,XX,(3;21)(926.2;q22),t(9;22)(q34;911)[20]

15 | M 100 100 46,XY,t(9;21;22;)(q34; q22.2;q11)[20]

16 | F 100 5 46,XX,t(9;22)(q34;q11)[19]/idem,+der(22)t(9;22)[1]

17 | M 90 5 46,XY,t(9;22)(q34;911)[17]/
idem,+der(22)t(9;22)[11/46,XY[2]

18| F 100 100 46,XX,t(1;9;22)(q21.2;934;q11)[20]

Notes: ACA - additional chromosomal aberration.
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Table 3. Response to the 2™ line nilotinib therapy in the CML patients depending
on the presence of additional chromosomal aberrations

Patients with . . . .

Characteristics onPr/] E(996;)22) tht\'/egzt)S ("r\]’g\) P:girzasz\;v;t)h 0
Response in 12 months of the 2 line
nilotinib therapy:
CCR (BCR/ABL1<1%), n (%) 36 (37.5) 3(42.8) 5 (45.5) 0.842
MMR (BCR/ABL1<0.1%), n (%) 13(13.5) 1(14.3) 3(27.3) 0.516
BCR/ABL1>10%, n (%) 49 (51.0) 4(57.1) 6 (54.5) 0.938
Secondary resistance:
MMR loss, n (%) 4/30(13,3) 0/2(0) 1/5 (20) 0.829
CCR loss, n (%) 4/46 (8.7) 0/4(0) 0/5 (0) 0.656
Progression to AP or BC, n (%) 19 (19.8) 1(14.3) 2(18.2) 0.934
Number of lethal outcomes, n (%) 17 (17.7) 1(14.3) 1(9.1) 0.756

Notes: CML - chronic myeloid leukemia; ACA - additional chromosomal aberration; CCR - complete cyto-
genetic response; MMR - major cytogenetic response, AP - acceleration phase; BC - blast crisis.

between the patients with classic t(9;22)
translocation, variant translocations and ACAs
(Table 3). For the whole follow-up period, the
only case of progression to accelerated phase
with a lethal outcome took place in one patient
with variant translocation of unknown origin
t(9;2;22)(934;?;911) and in one patient with
three related clones: 30% metaphases with
isolated Ph-chromosome, 55% metaphases
with an additional Ph-chromosome, and 15%
of metaphases with two Ph-chromosomes and
an extra chromosome 7. Karyotype 46,XY,t(9;22)
(g34;q911)[6]/idem,+der(22)t(9;22)[11]/
idem,+der(22)t(9;22),+7[3].

Kaplan-Meier analysis of the long-term
outcomes of the 2" line nilotinib therapy
proved an absence of significant influence of
the ACA and variant translocation status at the
beginning of the 2" line nilotinib therapy on
the three-year EFP, PFS and OS (Table 4).

Despite the ACAs at the beginning of the 2
line therapy did not affect the nilotinib efficacy,
guantitative characteristics of the leukemic
clone did have prognostic value. A positive

correlation between the amount of Ph-positive
clone before the beginning of the 2™ line
nilotinib therapy and development of resistance
(BCR/ABL1>10%)in 12 months of the subsequent
therapy (Spearman correlation coefficient
r=0.423, p<0.001) was found. The increase in
the number of Ph-positive cells at the beginning
of the nilotinib therapy and increase in size of
the additional clone (percent metaphases with
ACA) was associated with the decreased
efficiency of tumor clone reduction during the
therapy, or more specifically, statistically
significant decrease in the rate of CCR (p<0.001,
p=0.049). In other words, the efficacy of the
second line TKI therapy in the imatinib-resistant
CML patients was associated with the level of
reduction of the tumor clone and the size of the
clone with additional aberrations before the
beginning of the second-line therapy (Table 5).

Discussion

Studies of the ACA prognostic value both in
the era before the TKI and after approving of
the first TKI imatinib indicate that the ACA

Table 4. Long-term outcomes of the 2" line nilotinib therapy in the CML patients depending
on the presence of additional chromosomal aberrations

Outcomes Patients with only Patients with Patients with ACA
t(9;22) (n=96) t(9;V;22) (n=7) (n=11) P

3-year EFS, % (95% CI) 80.1 80.0 74.1 0.468
(71.5-88.7) (45.5-100.0) (42.5-100.0)

3-year PFS, % (95% CI) 86.4 80.0 76.2 0.936
(79.1-93.7) (45.5-100.0) (47.2-100.0)

3-year OS, % (95% CI) 90.7 80.0 85.7 0.975
(84.6-96.8) (45.5-100.0) (59.8-100.0)

Notes: CML - chronic myeloid leukemia, ACA - additional chromosomal aberration, CI - confidence interval,
EFS - event free survival, PFS - progression free survival, OS - overall survival.
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Table 5. Estimation of the significance of ACA clones quantitative characteristics in the CML
patients (n=18) at the beginning of the 2" line nilotinib therapy for the probability of CCR, EFS, PFS
and OS by the univariate Cox regression analyses

Characte. CCR EFS PFS 05s
rets | ExplB) Exp(B) Exp(B) Exp(B)
(95% CI) P (95% CI) P (95% CI) P (95% CI) P

% Ph+ 0.981 <0.001 1.027 0.039 1.037 0.052 1.062 0.062
metaphases | (0.971-0.990) (1.00-1.054) (1.000-1.076) (0.997-1.132)

% meta- 1.041 0.049 1.028 0.268 1.031 0.248 1.025 0.354
phases with | (1.000-.083) (0.979-1.080) (0.979-1.085) (0.973-1.080)

ACA

Notes: CML - chronic myeloid leukemia; ACA - additional chromosomal aberration; CI - confidence interval;
EFS - event free survival; PFS - progression free survival; OS - overall survival.

presence in the therapy worsens the treatment
results and decreases patient survival [11-13].
Some disagreements are observed in
assessment of the ACA significance at the time
of diagnosis. Alhuraiji A., et al. in the prospective
clinical study on 603 CP CML patients pointed
out that the presence of ACA at the time of
diagnosis was not associated with worse
prognosis [14]. Fabarius, et al. consider that
only major route, but not balanced or
unbalanced minor route ACA has a negative
impact on prognosis of CML [13]. Wang et al.
also underline that variability in outcomes is
related to the type of ACA, but they suggest
another ACA stratification system. ‘Poor
prognosis’ for ACA including i(17)(q10), -7/
del7q, and 3g26.2 rearrangements as well as
presence of 2 or more ACAs conferred a worse
survival irrelevant to the emergence phase and
time. In contrast, ACAs in group of ‘good
prognosis’ including trisomy 8, -Y, and an extra
copy of Ph-chromosome had no adverse impact
on survival, when they emerged at the chronic
phase or at the time of CML diagnosis [15].

Nilotinib is more potent and selective ATP-
competitive inhibitor of BCR/ABL1 tyrosine
kinase than imatinib and it is more active
against imatinib-resistant mutant forms of
enzyme [16, 17]. Multicenter trials and a real-life
longitudinal proved nilotinib efficacy in the CML
patients with imatinib failure [8, 18].

Our report presents outcomes after the
second line therapy with nilotinib in the CML
patients with imatinib failure depending on the
presence of variant translocations or clonal
evolution at the beginning of the 2" line
therapy with nilotinib. Among a total of 114
examined patients, 18 patients (15.8%) had
clonal evolution at the beginning of nilotinib.

Seven patients (38.9%) of 18 had variant
translocations and 11 patients (61.1%) had
clonal evolution - additional to t(9;22)
chromosomal abnormalities. Our results
suggest that for the patients with variant
translocations t(9;V;22) or clonal evolution
treated with nilotinib after imatinib failure, the
CCR and MMR response, EFS, PFS and OS rates
do not differ from those of the CML patients
with t(9;22) only. At the same time quantitative
characteristics of leukemic and ACA clones have
a significant impact on CCR. The greater
number of Ph-positive cells and the number of
cells with the ACA are revealed at the beginning
of nilotinib, the less - for CCR probability. EFS
is also worse with increasing number of Ph-
positive cells at the beginning of nilotinib. The
significance of certain types of ACA for long-
term outcomes has not been investigated
because of small groups of patients with
different ACAs.

Conclusions

The presence of ACA provides the tumor
with heterogeneous properties that determine
its sensitivity to therapy. But higher inhibitory
activity of nilotinib compare to the imatinib
allows overcoming imatinib resistance in the
CML patients regardless of the ACA presence
and achieves CCR in about 50 % of patients in
12 months of nilotinib therapy. Investigation of
prognostic value of the combination ACA with
other tumor clone features advantages
development of criteria for the individual
selection of TKI in the resistant patients.
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3HAYEHHS JOAATKOBHX XPOMOCOMHUX ABEPAIIIA YV ®OPMYBAHHI
BIAIIOBIAI HA APYI'Y JITHIIO TEPAIIII HUIOTUHIBOM V XBOPHX HA
XPOHIYHY MI€JIOIAHY JEUKEMIIO

L.B. AMuTpeHko, XX.M. MiHueHKo, B.I'. ®egopeHko, I.C. arinb
AY “HAUIOHA/IbHUN HAYKOBWV LIEHTP PAAIALIIVIHOI MEANLUMHV HALIOHA/IBHO!I
AKALEMIT MEAVNYHUX HAYK YKPAIHW”, KWIB, YKPAIHA

BcTyn. IcHye obmexceHa iHpopmayis npo eniue 000amKo8UX XpOMOCOMHUX abepayili (4XA) Ha epekmusHicmb
mepanii HiAoMiHI6oM Opy20i NiHIT y X80PUX 3 XPOHIYHOI Mi€N0OHO nelikemiero (XMJI).

MeTa: npoaHanisysamu 3Ha4yyujicme JXA ujooo 8ionoegidi Ha mepanito iH2i6imopamu mupo3uHKiHa3z (ITK)
Opy20i AiHii (HinomuHi6om) y xeopux Ha XMJI, y Akux mepanisi imamuHi6oMm 6ys1a HeepekmusHo#o.

MeToawn. AHanizysanu epekmusHicms mepanii HiNOMUHI6oM y xeopux Ha XMJ1 8 xpoHidHili ¢asi, y AKux
mepanis imamuHi6om 6yna HeepekmugHoOKo.

PesynbTtatn. Ceped 114 nayienmis 18 nayieHmis (15,8%) manu AXA Ha noyamky 2-i aiHii mepanii
HinomiHi6om. Cim nayieHmis (38,9%) 3 18 maau eapiaHmHi mpaHcaokayii, a 11 nayienmie (61,1%) manu iHwi
XPOMOCOMHI aHoManii, Kpim t(9;22), mobmo 03HaKu KJA0HAALHOI egotoyil. [To8HA yumozeHemMu4Ha 8i0nNoeids
(MYB) uepes 12 micayis mepanii HinomuHibom 6yna docaeHyma y 37,5%, 42,8% i 45,5% (p=0,842) nayieHmis 3
KAQCUYHOK MPAHC0Kayi€ro t(9;22), sapiaHMHUMU MPAHCAOKAYIAMU MA KAOHA/LHOI €80/1H0Yi€r0 8i0N0BIOHO.
Y nayieHmis 3 sapiaHmHuUMuu mpaHcaokayiamu t(9;V;22) ma kaoHanbHOK esoatoyiero weuokicms LB ma
ge/IuKoi MosiekynspHoi 8idnosidi (BMB), 6e3nodiliHa suxcueaHicms (EFS), suxcueaHicms 6e3 npozpecii (PFS) ma
302016Ha suxcusaHicme (0S) He 8idpi3HAAuUCA 8i0 makux y xeopux Ha XMJI, y AKUX 8uAe8asaAACs MiNbKU
mpaHcaokayis €(9,22). B moli xce 4ac, KinbKicHi xapakmepucmuku aelikeMiyHO20 KAOHY ma KAoHy 3 AXA manu
npoz2HoCMuYHe 3Ha4eHHs wjodo docaeHeHHS [LB. 36inbweHHA Kinbkocmi Ph-no3umusHux KAimuH ma KaimuH
3 XA Ha ho4amky mepanii HiNOMUHI60M 3MeHWy8a0 8ipo2idHicme docszHeHHs [1LB.

BUCHOBKMW. binbw 8UCOKQA iH2ibYHOYa QKMUBHICMb HIAOMUHIGY 8 NOPIBHAHHI 3 iMamuHibom 00380/5€
nodosamu pe3ucmeHmHicme 00 iMamuHiby y nayieHmie 3 XMJ1 HezanexcHo 8id HaseHocmi XA Ha noYamky
mepanii HiAOMUHI6OM.

K/TKOYOBI C/TOBA: gopaTKOBi XpOMOCOMHi abepaliii; XpoHiYUHa Mi€noigHa neiikeMmisi; HINOTUHIG;
Apyra niHia Tepanii ITK (iHri6iTopy TMpo3uHKiHa3); NPOrHO3yBaHHS; PE3NCTEHTHICTb.

IHdopmaLis npo aBTOpIB

AmunTtpeHko IpmHa BiTtaniiBHa - kaHA. 6ion. Hayk, CTapwnii HayKOBUIM CNiBPOBITHUK nabopaTtopii
iMyHOreHeTUKW Biaainy rematonorii Ta TpaHcnaaHTonorii, 4Y “HauioHanbHMin HayKOBWUI LIeHTP pagiaLinHoi
MeANUMHN HalioHanbHOI akagemii MeAnyHnX HayK YKpaiHu".

MiH4yeHKo XXaHHa MuKonaiBHa - 4-p 6ion. Hayk, npodecop, 3aBigyBay nabopaTtopii iMyHOreHeTUKM Bigainy
rematosorii Ta TpaHcnaaHTonorii, Y “HauioHanbHMiA HayKOBUI LeHTP pagiauinHoi MegnumHm HauioHanbHoi
aKageMii MefnYHMX HayK YKkpaiHn".

depopeHko Bipa MpuropiBHa - MONOALLNIA HAayKOBWUY CNiBPOBITHNK 1abopaTopii iMyHOreHeTVKN Bigainy
rematosorii Ta TpaHcnaaHTonorii, Y “HauioHanbHMi HayKOBUI LeHTP pagiauinHoi MeanumHu HauioHanbHoi
aKageMii MefnYHMX HayK YKpaiHn".

Asarine IpnHa CepriiBHa - 4-p Mea. Hayk, 3aBigyBau BigfineHHsA pajiaLlinHoi oHkoremaTtosorii Ta
TpaHCNaHTawji CToBOYPOBUX KNITUH BigAiny remaTonorii Ta TpaHcnaaHTonorii, 4Y “HauioHanbHWiA HayKoBuiA
LeHTp pagiauiliHoi MmegnumHu HauioHanbHoI akageMii MeagnYHNX HayK YKpaiHn".
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