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OPUTUHAJIbBHBIE NCCJIEAOBAHWUA

PROGNOSTIC SIGNIFICANCE
OF MONOSOMAL KARYOTYPE
IN ADULT ACUTE MYELOID
LEUKEMIA

Aim: 1o detect the frequency, diagnostic and prognostic significance of monosomal
karyotype (MK) in adult patients with acute myeloid leukemia (AML) and to
determine the most common monosomies involved in MK* AML. Materials and
methods: cytogenetic investigations of bone marrow and/or peripheral blood cells
Jrom 116 newly diagnosed adult patients with AML [range: 18—85 years, 70(60%)
males and 46 (40%) females] were performed. The methods of conventional
cytogenetics (GTG) andfluorescence in situ hybridization (FISH) were used. Results:
chromosomal abnormalities of various kinds were found in 68 (59%) patients. Taking
into consideration the identified cytogenetic abnormalities, AML patients were
classified into 3 risk groups: the group of patients with favorable cytogenetic markers
1(8:21)(q22,922), 1(15;17)(q22;q11-21) and inv(16)(p13922)/1(16;16)(p 13,;922),
the intermediate-risk group without significant prognostic markers and the group
of patients with adverse prognostic factors [monosomies 5 and 7, deletions of 5q and
7q, rearrangements of 3q and 17p, 1(9;22)(q34,q11), complex karyotype and MK].
MK was found in 7 (6%) patients. With respect to the distribution of monosomies in
MK, 2(29%) cases had one autosomal monosomy and 5 (71%) patients had > 3. One
(14%) patient of the MK* AML cases had only monosomies, whereas 6 (86%) had
also structural cytogenetic abnormalities, except the monosomies. The most common
monosomies were: -5(71%), -16 (57%), -7(43%) and -17 (43%). The patients with
MK* AML were classified into a new cytogenetic category of AML with a very poor
prognosis. Median survival of these patients was 1 month and all patients died within
4 months. Conclusions: in our investigation chromosomal abnormalities of various
kinds were found in 59% of adult patients with AML. Cytogenetic investigations are
recommended for inclusion in the standard examination of patients with AML for
diagnosis, prognosis of disease and selection the optimal treatment strategy.

Acute myeloid leukemia (AML) is characterized by diffe-
rent clinical course and different sensitivity to therapy. Taking
into consideration their significant prevalence, an intensive
search for new prognostic criteria is conducted that may de-
termine individual prognosis and define the most appropri-
ate treatment approach for patients with AML. A key event in
the development of AML is the restructuring of the progeni-
tor cell genome, causing the disruption in molecular control
of cell cycle, transcription and translation of major protein
regulators. At the current level of knowledge the need for re-
assessment of standard prognostic criteria based mainly on
clinical and routine hematological tests became apparent.
Thus, the necessity to develop new prognostic systems be-
came relevant. Simultaneously with conventional studies it
would take into account the most specific signs of abnormal
clones: genome of leukemic cells and its abnormality. Da-
mage to the genome of leukemic cells is mainly represent-
ed by chromosomal rearrangements of proto-oncogenes or
suppressor genes (translocations, inversions, deletions, loss
of chromosomes, extra copies of chromosomes, etc.) and it
can be detected using the conventional cytogenetic and mo-
lecular genetic methods. Using conventional cytogenetics,
an abnormal karyotype can be detected in ~60% of adult
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AML patients. Based on the current World Health Organiza-
tion (WHO) classification, more than two-thirds of AML can
be categorized by their underlying cytogenetic or molecular
genetic abnormalities. These genetic abnormalities are the
most important factors in determining response to chemo-
therapy as well as outcome in AML. Taking into considera-
tion the identified cytogenetic abnormalities, AML patients
are currently classified into three risk groups, favorable, in-
termediate and adverse. The latter group includes AML with
complex karyotype (CK) defined as 3 or more clonal abnor-
malities (excluding cytogenetic abnormalities listed under the
WHO category «<AML with recurrent genetic abnormalities»).
Recently, a new cytogenetic category was introduced, name-
ly, monosomal karyotype (MK) defined by the presence of
two or more distinct autosomal monosomies (AM) or a sin-
gle AM associated with one or more structural abnormali-
ties, excluding core-binding factor AML and acute promy-
elocytic leukemia. In AML, MK has been shown to be prog-
nostically worse than an otherwise CK [1-3].

Aim of this study was to detect the frequency, dia-
gnostic and prognostic significance of MK in adult pa-
tients with AML and to determine the most common
monosomies involved in MK* AML.
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MATERIALS AND METHODS

Cytogenetic investigations of bone marrow and/or pe-
ripheral blood cells from 116 newly diagnosed adult pa-
tients with AML [range: 18—85 years, 70 (60%) males and
46 (40%) females] were performed. Diagnosing of AML
was fulfilled according to the WHO definition of > 20% of
blasts in the bone marrow or peripheral blood and based on
French-American-British classification (FAB). The methods
of conventional cytogenetics (GTG) and fluorescence in situ
hybridization (FISH) were used. Cytogenetic methods were
carried out using standard techniques [4—7] and karyotypes
were described according to the International System for Hu-
man Cytogenetic Nomenclature (ISCN) [8]. Only clonal ab-
normalities were considered as positive results. Abnormali-
ties were considered clonal if > 2 metaphases had the same
aberration in the case of a structural abnormality or an ex-
tra chromosome, or if > 3 metaphases shared the same ab-
erration in the case of a monosomy. CK was defined as 3 or
more clonal abnormalities. MK was defined as the presence
of two or more AM or one AM with at least one additional
structural chromosomal abnormality.

RESULTS AND DISCUSSION

Cytogenetic investigations were performed in 116 new-
ly diagnosed patients with AML. Chromosomal aberra-
tions of various kinds were found in 68 (59%) cases. Among
them presence of one karyotype abnormality was established
in 37 (54%) cases, two abnormalities — in 13 (19%) cases
and multiple structural and/or numerical changes (> 3) —
in 18 (27%) cases. The most common abnormalities were:
monosomies Y, 5and 7, trisomy 8, deletions of 5q and 7q,
rearrangements of 3q, 12p, 17p and 11g23, translocations
t(8;21)(q22;922), t(9;22)(q34;q11), t(15;17)(q22;q11-21) and
t(16;16)(p13;q22) orinv(16)(p13q22), marker and ring chro-
mosomes and acentric structures. Taking into consideration
the identified cytogenetic abnormalities patients were classi-
fied into risk groups according to the European LeukemiaN-
et (ELN) criteria [9]: a group of patients with favorable cyto-
genetic markers, an intermediate-risk group without signifi-
cant prognostic markers and a group of patients with adverse
prognostic factors. The first group includes AM L with favor-
able clinical prognosis, namely with balanced chromosomal
abnormalities — t(8;21)(q22;q22), t(15;17)(q22;q11-21) and
inv(16)(p13q22)/t(16;16)(p13;q22). The second group con-
sists of AML with normal Karyotype or with other rare or
atypical chromosomal aberrations that do not have prognos-
tic significance. The third group comprises AML with a poor
clinical prognosis, namely with chromosomal abnormalities
such as lossor extra copies of chromosomes, deletions, trans-
locations and multiple karyotype changes (> 3) [monosomies
5and 7, deletionsof 5q and 7q, rearrangementsof 3qand 17p,
translocation t(9;22)(q34;q11), CK and MK].

MK was found in 7 (6%) cases of the 116 patients with
AML. With respect to the distribution of monosomiesin MK,
2(29%) caseshad 1 AM and 5 (71%) had 3 ormore AM. The
most common monosomies involved in MK* AML were: -5
(71%), -16 (57%), -7 (43%) and -17 (43%). Three patients
(43%), besides abnormal ones, had 12—55% normal meta-
phasesin theirkaryotypes. One (14%) of 7 patients with MK*

AML had only monosomies, whereas other 6 (86%) had
also structural cytogenetic abnormalities, besides monoso-
mies. Spectrum of additional structural chromosomal aberra-
tions associated with MK was as follows: del(6)(q13), del(13)
(q11q22), add(12)(p13), add(16)(q12-13), der(10)t(10;18)
(p12,q12), der(14)t(7;14)(q11;q21), der(15)t(15;17)(p11;q12),
der(12)t(12;18)(p12;q12), add(2)(q36), marker and ring chro-
mosomes and acentric structures (Table, Figure).

Table
Results of cytogenetic investigations of leukemic cells
from patients with MK+ AML
FAB Ove_rall
Ne |Age| Sex classification Karyotype survival,
months
1 | 46 |Female AML M5 43~46, XX, -5, -8, -10, 0
+11, -16, -17, -17,
+1~4 mar[cp20]
2 | 48 | Male AML M5 36~43, X, -Y, -13, -14, -15, i
-16,-17, -18, -19, -20,
-21, -22 [cp101/46, XY[12]
3|85 | Male AML ? 45, XY, -5, del(6)(q13), | No data
add(12)(p13), del(13})
(q12;q22), -16, +mar
[13]/46, XY[12]
4 | 52 | Male AML M6 44~45, XY, -4, -5, -5, -6, 4
-7,-9, -9, -10, -15, -22,
+1~8 mar [cp27]
5|76 | Male AML M1 40~45, X, -Y, -3, der (3), | No data
-4, -5, -7, der(15)t(15;17)
(p11;q12), add(16){q12-
13), -16, -17, -20, +mar,
+r [cp22]/46, XY[3]
6| 55 | Male AML ?, 43~59, XY, +Y, +1, +2, i
post MDS -3, -5, +6, +7, +8, -11,
-12, +13, +16, +18,
+18, +19, +20, +22,
+1~4 mar,+1~2 dmin
[cp20]
7|56 | Male AML M2 45, XY, (2)(q36), der(10) 1
t(10;18)(p12;q12), -18
[18]/45, XY, -7, der(12)
t(12;18)(p12;q12), der(14)
1(7;14)(q11;q21)[7]

Using conventional cytogenetics, an abnormal karyo-
type can be detected in ~60% of adult AML patients [2]. In
our investigation frequency of chromosomal abnormalities
of various kinds was 59%, which is comparable to the data
reported in the literature. According to the karyotype analy-
sis AML patients were classified into risk groups taking into
considerationthe ELN criteria [9]: the group of patients with
favorable cytogenetic markers [t(8;21)(q22;q22), t(15;17)
(q22;q11-21) and inv(16)(p13922)/t(16;16)(p13;q22)],
the intermediate risk group without significant prognos-
tic markers and the group with adverse prognostic factors
[monosomies 5 and 7, deletions of 5q and 7q, rearrange-
ments of 3q and 17p, translocation t(9;22)(q34;q11) and
CK]. The Iatter group also included AML cases with MK
defined by the presence of two or more distinct AM orasin-
gle AM associated with one or more structural abnormali-
ties. Distribution of AML patients into risk groups accord-
ing to the identified prognostic markers allows us to choose
the most appropriate treatment approach for them, name-
ly the intensity of therapy, the necessity of allogeneic stem
cell transplantation in the first remission, the necessity of
the prescription of tyrosine kinase inhibitors for AML pa-
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Figure. Karyotype of leukemic cell from MK+ AML patient (Table, Ne 2) — 39, X, -Y, -16, -17,-18, -19, -21,-22

tients with t(9;22)(q34;q11) or differentiating agent — all-
trans retinoic acid (ATRA) for acute promyelocytic leuke-
mia patients with t(15;17)(q22;ql11-21).

Using conventional cytogenetics, MK can be detect-
ed in ~10% of patients with AML at the age < 60 years and
~13—5% of patients at the age > 60 years [2]. In our inves-
tigation the frequency of MK was 6%, which is not much
lower in comparison with the data reported in the literature.
14% of patients of the MK+ AML cases had only monoso-
mies, whereas 86% of patients had also structural cytogenetic
abnormalities of various kinds, besides monosomies. Itis re-
ported that the most common monosomies involved in MK*
AML are -5 (21-55%), -7 (23—45%), -16 (1—16%), -17 (11—
22%), - 18 (10—19%), -20 (8—19%) [2]. In our investigation,
the most common monosomies were: -5 (71%), -16 (57%),
-7 (43%) and -17 (43%).

All patients with MK* AML are classified into a new cy-
togenetic category of AML with a very poor prognosis, even
after allogeneic stem cell transplantation [2]., Our data large-
ly confirm this, 2 patients of 7 cases with MK+ AML refused
treatment, 5 patients started intensive induction therapy. The
response to induction therapy was as follows: complete re-
mission was not achieved in any of the patients (0 of 5); re-
fractory disease and death was observed in 20% (1 of 5); ear-
ly death in 80% (4 of 5) of them. Median survival of those
patients was 1 month and all patients died within 4 months.

In ourinvestigation, 4 (57%) patients of 7 caseswith MK*
AML had only abnormal metaphases in their karyotypes,
whereas other 3 (43%) had also 12—55% normal metapha-
ses, besides abnormal ones. It is reported that the presence
of 2 10 of cells with normal metaphases in MK* AML can
be a prognostic factor and has been associated with longer
survival. But how residual normal metaphases translate to
longer survival is unclear [10].
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The mechanisms responsible for MK* AML are still
unclear, but it may be associated with deletions or muta-
tions in P53 gene and multiple drug resistance. In fact,
recent evidence indicated that TP53 alterations occur in
70% of MK* AML patients and these abnormalities are
more frequent in patients with CK*/MK* AML that in
those with CK*/MK- AML. They potentially lead to
a chromosome instability pattern that is usually a result
of a single catastrophic event knows as chromothripsis.
Thus, TP53 alterations appear to be one molecular ba-
sis for this MK* AML subset and, in particular, TP53 al-
terations suggest an important role for p53 in leukemo-
genesis [2].

CONCLUSIONS

1. Chromosomal abnormalities in leukemia cells were
found in 59% of 116 newly diagnosed adult patients with
AML by conventional cytogenetic methods.

2. Taking into consideration the identified cytogenet-
ic abnormalities AM1. patients were classified into risk
groups: the group of patients with favorable cytogenetic
markers [t(8;21)(q22;q22), t(15;17)(q22;q11-21) and inv(16)
(p13q22)/t(16;16)(p13;q22)], the intermediate risk group
without significant prognostic markers and the group with
adverse prognostic factors [monosomies 5 and 7, deletions
of 5q and 7q, rearrangements of 3q and 17p, translocation
t(9;22)(q34;ql1), CK and MK].

3. MK were found in 6% of patients with AML. The
most common monosomies were: -5 (71%), -16 (57%), -7
(43%) and -17 (43%). 14% of patients of MK* AML cas-
es had only monosomies, whereas 86% had also structural
cylogenetic abnormalities, besides monosomies.

4, Patients with MK* AM L were classified into a new
cytogenetic category of AML with a very poor progno-
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sis. Median survival of MK* AML patients was 1 month
and all patients died within 4 months.

5. Cytogenetic investigations should be included in the
standard examination of patients with AML for diagnosis,
prognosis and selection the optimal treatment strategy.

REFERENCES

1. Arber DA, Orazi A, Hasserjian R, e al. The 2016 revision to
the World Health Organization classification of myeloid neoplasms
and acute leukemia. Blood 2016; 127 (20): 2391—405.

2. Anelli L, Pasciolla C, Zagaria A, ef al. Monosomal karyo-
type in myeloid neoplasias: a literature review. OncoTargets Ther-
apy 2017; 10: 2163-71.

3. Kayser S, Zucknick M, Dohner K, ef al. Monosomal karyo-
type in adult acute myeloid leukemia: prognostic impact and out-
come after different treatment strategies. Blood 2012; 119 (2): 551-8.

4. Hui EKC, Wan TSK, Ng MHL. Chromosome preparation
for myeloid malignancies. Cancer Cytogenetics. Methods Mol
Biol 2017; 1541: 11-7.

5. Andreeva SV, Drozdova VD. Analysis standards of chromo-
somal preparations in hematological neoplasms (guidelines). Kyiv,
2007. 44 p. (in Ukrainian).

6. Pienkowska-Grela B, Brycz-Witkowska J, Chmarzynska-
Mroz E, et al. Cytogenetic analysis in hematoonkological neo-
plasms (Adviser). Warsaw, 2004. 59 p. (in Polish).

7. Pinkel D, Straume T, Gray JW. Cytogenetic analysis using
quantitative high sensitivity, fluorescence hybridization. Proc Natl
Acad Sci USA 1986; 83 (9): 2934-8.

8. McGowan-Jordan J, Simons A, Schmid M, ez al. An In-
ternational System for Human Cytogenetic Nomenclature: ISCN
(2016). Basel: Karger, 2016.

9. Mrézek K, Marcucci G, Nicolet D, ef al. Prognostic signif-
icance of the European LeukemiaNet standardized system for re-
porting cytogenetic and molecular alterations in adults with acute
myeloid leukemia. J Clin Oncol 2012; 30: 4515-23.

10. Jang JE, Min YH, Yoon J, et al. Single monosomy as a rel-
atively better survival factor in acute myeloid leukemia patients with
monosomal karyotype. Blood Cancer J 2015; 5 (10): 1-7.

NPOrHOCTUYHE 3HAYEHHSA

MOHOCOMHOI'O KAPIOTUNY MNPU rOCTPIA

MIENOIOHIA NERKEMITY JIOPOCNTUX

O.B. 3omoea’, A.C. Jlyk’anoea’, M.O. Basvuyx’,
LC. Banvxo', FO.C. Kapoav’, 0.0. Illasaii’,
B.€. Jlozincoxuii’
UIY «Incmumym namosnozii kpoei ma mpaucgysiiinoi
meouyunu HAMH Yxpainu», Jlveie

2Meduro-bionoziunuii yenmp «Ilenom», Kuise
JKomyHnanvhe Hexomepuiiine nionpuemcmeao

«5-ma Micvka kainiuna aicapus», JIveie, Ykpaina

Pesiome. Mema: oyinka wacmomu, diazHocmuuHozo
ma RPOZHOCMUH4HO20 3HAUEHHS MOHOCOMHO20 Kapio-

muny (MK) y dopocaux, xeopux na eocmpy mieaoioHy
netixcemiro (I'MJI), ma eusnauenHs Halibinbw nowiu-
peHux moHocomiil, 3adisnux y MK. O6°exkm i memo-
ou: yumozeHemuyHi 00CAIONCEeHHA KAIMUH KicmKo-
8020 MO3Ky ma/abo nepughepustoi Kpoai npogedeHo
y 116 nenixoeanux dopocaux nauicumie iz TMJT (6i-
Kxom eid 18 0o 85 pokie, ceped nux 70 (60%) wonoeixis
i 46 (40%) xncinox). Buxopucmoeyeanru memoo xia-
cuunoi yumoeenemurku (GTG) ma ayopecyenmuy
in situ 2ibpudusayiro (FISH). Pe3yapmamu: XpoMocom-
Hi aHomanii pisnozo xapaxmepy eusenerHo y 68 (59%)
xeopux. 3 ypaxy8aHHAM YUMO2eHeMUHHUX AHOMA-
4iii xeopux Ha TMJI kxaacughixoearo na 3 epynu pu-
3UKY: 3i CRPpUAMAUBUMU LUMO2EHEeMUYHUMYU Map-
xepamu [1(8;21)(q22;q22), 1(15;17)(q22;q11-21)
ma inv(16)(p13922)/t(16,;16)(p13;q22)]; npomixc-
HO20 pusuKy 6e3 npozHOCMUMHO 3HAYYWUX MapKepia;
i3 Hecnpusmaueumu paxmopamu npoeHo3y [Moroco-
Mii 5i 7, deneyii 5qi 7q, nepebydoeu 3qi 17p, 1(9;22)
(q34;q11), komnaexcruii kapiomun ma MK]. MK eu-
aenenoy 7(6%) nayicumis. Y 2 (29%) eunadrax cno-
cmepizany 00HY aymocoMHy MoHocomiro, y 5(71%) —
> 3. Cepeo xeopux na T'MJI 3 MK ¢ 1(14%) nayicuma
BUAGACHO AUwe MOHOCOMIT, a y 6 (86%) xeopux 00HO-
HACHO 3 MOHOCOMIAMU 8i0OMINANU MAKONC CMPYKMYPHI
nepebyooeu. HaiinowupeHiuiumu MOHOCOMIAMU 6YAU;
-5(71%), -16 (57%), -7 (43%) ma -17 (43%). Ilayi-
enmie 3 MK eidneceno do Hosoi yumozeremuuHoi ka-
meeopii TMJI — 3 dyace nozanum npozrno3om. Yci yi
xe80pi npoxcunu He Ginvue 4 mic (mediana euxcuea-
Hocmi cmanosuaa 1 mic). BucHoexu: yumoeenemuyHti
aHomanii piaHozo xapaxmepy ausenero y 59% dopoc-
aux nayieumie i3 TMJI. [lumozenemuuni memoou pe-
KOMEHO08AHO @KAlouUmU Yy cmandapmu o6cmeiceH-
Hs xeopux Ha TMJI dns diacnocmuku, npozHO3Y8aHHSA
nepebizy xeopobu ma nidbopy onmumanbHoi maxmu-
KU NIKYBAHHA.

KinouoBi c10Ba: roctpa MienoinHa neifkemis,
KApiOTHII, ITUTOT¢HETHIHI aHOMAaJTii,
MOHOCOMAJIBHUI KapioTHIl, JiarHO3, IPOrHo3.
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