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Chromosome aberrations in de novo acute myeloid leukemia patients
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Cytogenetic analysis was successfully performed at the time of diagnosis in 45 patients with de novo acute myeloid
leukemia, including 10 children and 35 adults. In approximately 73% of AML patients (35 patients) clonal chromosome
abnormalities were detected at the time of diagnosis. Twelve patients (22.8% ) had apparently normal karyotypes. Recur-
ring aberrations found in 22 of patients with abnormal karyotypes included t(15;17)(q22;q11), t(8;21)(q22;q22),
inv(16)(p13g22), trisomy 8, monosomy 7 and del(5q). The highest frequency of chromosome changes was observed in
AML-M3. The occurrence of the classical cytogenetic abnormalities was not a ubiquitous phenomenon. In 11 patients
previously not described miscellaneous clonal chromosomal abnormalities were detected. Clonal chromosomal abnorm-
alities detected in AML have shown correlations between specific recurrent chromosomal abnormalities and clinico-
biological characteristics of the patients, therefore have been repeatedly shown to constitute markers of diagnostic and
prognostic significance. Moreover, ongoing cytogenetic analysis can identify new nonrandom chromosome aberrations in
AML and contribute to the identification of novel genes involved in the development of cancer, which can lead to better

understanding of the disease pathogenesis.
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Acute myeloid leukemia is a malignancy of immature
bone marrow cells including high numbers of blasts with
different degree of maturation. The disease is relatively in-
frequent; the annual incidence remains constant at 0.8-
cases/10° population (between early childhood and age
45) and 15-cases/10° populations after the age of 45 [2].
The annual incidence of AML in Kuwait is 1.3-cases/10°
population (32.4% of all leukemias in Kuwait) [1].

The classification of AML includes clinical data and bio-
logic characteristics, which include morphological, cyto-
chemical, immunophenotypic, cytogenetic and molecular
characterization of the leukemic blasts [14]. Cytogenetic
studies of acute myeloid leukemia have revealed that the
majority of patients display acquired chromosome aberra-
tions that are very closely, and sometimes uniquely asso-
ciated with distinct subsets of leukemia. At present more
than 5000 cases with clonal chromosomal aberrations have
been reported worldwide and continue to be identified in
AML. The observed particular chromosomal translocations
in AML tend to be characteristic of particular stages of

differentiation therefore the study of chromosomal aberra-
tions has much importance in terms of the management of
the disease [5, 11]. In addition to direct clinical use, recur-
rent chromosome abnormalities identified in hematologic
malignancies have been essential in mapping and cloning of
genes involved in the process of leukemogenesis. The de-
tection of chromosome abnormalities, therefore, has a great
clinical relevance for classification, treatment and outcome
of the patient and will contribute to better understanding of
disease pathogenesis and therefore to better approaches to
treatment.

In our study, we present general cytogenetic character-
istics to determine the type and frequency of chromosomal
aberrations in leukemic cells of patients diagnosed with
acute myeloid leukemia in Kuwait.

Patients and methods

The retrospective study was carried at Kuwait Cancer
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Table 1. Distribution of karyotype findings in de novo AML patients compared with children

Children Median age Adults Median age Total Median age

No. (%) (years) No. (%) (years) No. (%) (years)
Normal karyotype 3(6.6) 10.6 9(20) 39.6 12(26.6) 35.6
Abnormal karyotype 7(15.5) 52 26(57.7) 30.6 33(73.3) 25.2
Total 10(22.3) 6.9 35(77.7) 37.8 45(100) 30.2
Table 2. Freq y and perc ge of cytogenetic abnormalities in children and adults compared with reported series

Children Median age Adults Median age Total Median age Reported series (%)

Abnormality No. (%) (years) No. (%) (years) No. (%) (years) Children Adults
t(8;21) 1(2.2) 6 3(6.6) 22 4(8.8) 18 8 12
t(15:17) 0(0) 0 8(17.7) 31 8(17.7) 31 11 12
inv(16) 0(0) 0 3(6.6) 383 3(6.6) 383 4 6
—7/del(7q) 0(0) 0 3(6.6) 35 3(6.6) 35 6 9
del(5q) 0(0) 0 1(2.2) 61 1(2.2) 61 1 2
+8 0(0) 0 2(4.4) 435 2(4.4) 435 2 9
+21 0(0) 0 1(2.2) 64 1(2.2) 64 1 4
miscellaneous 6(13.3) 5.1 5(11.1) 36.6 11(24.4) 19.4 19 23
Total 7(15.5) 52 26(57.7) 30.6 33(73.3) 252 23 78

Control Centre at the Department of Hematology from
October 2001 to July 2003. The study population consisted
of 42 adults and 10 children with acute myeloid leukemia.
Cytogenetic analysis was successfully performed at diagno-
sis in 45 patients with de novo acute myeloid leukemia.
Seven of the patients had insufficient number of metaphases
(less than 20 metaphases). Routine cytogenetic studies were
performed on peripheral blood and/or bone marrow aspi-
rates at diagnosis and during subsequent course of the dis-
eases on unstimulated direct and/or short-term cultures,
using the GTG-banding technique. A patient was classified
as having normal karyotype only after 20 normal meta-
phases were analyzed. Karyotype analysis was performed
according to the International System of Human Cytoge-
netic Nomenclature [8].

Results

Fifty two cases of newly diagnosed de novo acute myeloid
leukemia were investigated between October 2001 and July
2003. Of the 45 patients diagnosed with de novo AML with an
evaluable chromosome analysis, 12 patients (26.6% ) had an
apparently normal karyotype. The median age was 39.6 years
(range 18-64) in adults and 10.6 years in children (range 1-
14). In the remaining 33 cases (73.3% of the study popula-
tion), clonal chromosome aberrations were detected (Tab. 1).
The overall incidence of clonal chromosome abnormalities
was higher in adults (74.2% ) than in children (70% ). Twenty
two patients with abnormal karyotype had consistent or re-
current abnormalities (Tab. 2). The remaining 11 patients had
miscellaneous clonal abnormalities (Tab. 2).

The chromosomal abnormalities of 33 patients with aber-
rant karyotype were classified into cytogenetic subgroups
which closely correlated with FAB subtypes: t(8;21) (n=4,
8.8%), t(15;17) (n=8,17.7%), inv (16) (n=3, 6.6% ), trisomy
8 alone (n=2, 4.4%), monosomy 7/del (7q)/del (5q) (n=4,
8.8%), non-Down associated trisomy 21 (n=1, 2.2%) and
complex abnormalities (n=11, 24.4%).

Recurrent chromosomal abnormalities. Consistent or re-
current abnormalities were detected in 66% of patients with
an abnormal karyotype (Tab. 2). The distribution of chro-
mosome abnormalities was uneven, according to the cate-
gories of the FAB nomenclature. The highest frequency of
chromosome changes was observed in AML-M3 and the
lowest in M1 and M6. Three chromosomal translocations
were closely associated with specific clinical-pathologic sub-
sets of AML. The translocation t(8;21), t(15;17) and the
inv(16) were closely associated with M2, M3 and M4 sub-
types, respectively.

t(15;17)(q22;q12-21). The t(15;17) was the most fre-
quently observed chromosome change in our study ob-
served in 22% patients with aberrant karyotype. All the
patients with t(15;17) were adult cases (median age 36.5
years range 26-37). This rearrangement was the sole kar-
yotypic abnormality in 7 of the patients in this subgroup, one
patient had a complex chromosome rearrangement in addi-
tion to the t(15;17). All the 8 patients with t(15;17) had acute
promyelocytic leukemia; this translocation was not found in
any other subset of AML. Complete cytogenetic remission
was achieved in all of the examined cases (median 30 days).
One of the patients with t(15;17) died 8 months after the
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diagnosis, the other 7 patients are alive and still in clinical
remission.

1(8;21)(q22;q22). This translocation found in 4 patients
with AML-M2 (12% of the patients with clonal abnormal-
ity) was the second most frequently observed translocation.
Interestingly both male patients with this translocation had
a loss of a sex chromosome in the sideline with a modal
number of 45 chromosomes. The loss of the sex chromo-
some was the only additional change in 1 case and in 1
patient an additional clone with extra chromosome 8 was
detected (Tab. 3). Complete cytogenetic remission (CCR)
was observed in all the examined cases (median 40 days)
and the patients are still in remission.

inv(16)(p13q22). The inversion of chromosome 16 was
observed in 3 adult patients with AML-M4. The inv(16) was
the sole abnormality in 1 case and in 2 cases extra chromo-
some 22 was detected as an additional anomaly (Tab. 3). In
2 of the examined cases CCR was achieved (median 30
days), in 1 patient no cytogenetic study was performed after
diagnosis.

Abnormalities of chromosomes 7 and 5. The —7/del(7)
abnormality was observed in 3 male patients (9% of patients
with abnormal karyotype). Monosomy 7/del(7q) as a sole
abnormality was detected in 2 patients and in 1 patient with
a complex karyotype. The patient with monosomy 7
achieved CCR after 45 days of therapy, however the patient
with monosomy 7 and complex karyotype died 10 months
after diagnosis. The patient with del(7q) achieved CCR
after 1 month of diagnosis and relapsed 10 months after
the diagnosis. One patient in this subgroup had a deletion
of 5q as the sole chromosomal abnormality (2.2% of pa-
tients with abnormal karyotype) and he is still in CCR.

Trisomy 8 and trisomy 21. Trisomy of chromosome 8 as
a sole abnormality was observed in 2 patients (6% of pa-
tients with chromosome aberrations) and the extra chromo-
some 21 in 1 patient. One patient with +8 achieved CCR
after 40 days of therapy, on other no cytogenetic data are
available after the diagnosis. The patient with +21 achieved
CCR 1 month after the diagnosis and is still in remission.

Miscellaneous clonal abnormalities. Various non-recur-
rent chromosomal abnormalities were detected in 33% of
patients with abnormal karyotypes (Tab. 4). Complex clo-
nal abnormalities were higher in children (60% of children)
than in adults (14.3% ). CCR was achieved in all patients in
this subgroup (median 43 days) and are till in remission
except 1 patient with Down syndrome who died 1 year after
the initial diagnosis. Among the 5 adult cases only 3 patients
achieved CCR (median 52 days), 1 patient relapsed 3
months and 1 patient died 1 year after the diagnosis.

Table 3. Additional chromosome anomalies in a group of patients with re-
current chromosomal abnormalities

No. Sex/Age  Chromosome abnormality

1. M/6 46,XY,t(8;21)(q22;q22)/45,X,-Y,t(8;21)(q22;q22)/
46,X,-Y,+8,t(8;21 )(q22;q22)

2. M/27 46,XY/45,X,-Y,t(8;21)(q22;q22)/46,XY,
(8;21)(q22;q22)

3. M/30 46,XY/46,4(15;17)(q22;q21),t(17p;?)/
47.XY ,+8,t(15;17)(q22;q21),t(17p;?)/
48,XY,+8,t(15;17)(q22;q21),t(17p;?),+mar

4. M/31 46,XY/47,XY,inv(16)(p13;q22),+22

S. F/44 46,XX,inv(16)(p13;q22)/47,XY,inv(16)(p13;q22),+22/
48,XY,+15,inv(1 6)(p13;q22),+22

6. M/45 46,XY/46,XY ,t(2;3)(p21;qter)/

45, XY,1(1;12)(p?:p?),t(2;3)(p21;qter),-7

Table 4. Miscellaneous chromosome abnormalities

No. Sex/Age  Chromosome abnormality

1. M/57 46,XY,1(9;22)(q34;q11)/46,XY,
t(2;14)(q?,923),t(9;22)(q34;q11),t(19;?)+mar

2. M/24 46,XY/46,XY, abn 11q, marl, mar2

3. Fi2 46,XX/47-55,XX, +2,+abn3q,+4,+19,+20,+marl,+mar2

4. F/52 46,XX/46,XX,t(1;X)(p32;q13)

S. M/27 46,XY/46,XY,17p+, mar

6. F/23 46,XX/48,XX,+6,+8,+8,-18,-19,+mar/
50,XX,+6+8+8,+mar

7. M/4 46,XY/46,XY t(3;5)(q25-27;q34)

8. M/14 46,XY/47XY ,+8/47,XY,+8,del(9q)

9. F/1 DS 47,XX,+21c/46,XX,1q+,17q+,-20,+21c

10. F/8 46,XX/46,XX,t(5;12)(q33;p13)

11. Fi2 46,XX/46,XX,t(15;20?)(qter;q?)

Discussion

Numerous recurrent karyotypic aberrations have been
and continue to be discovered as primary pathogenetic
changes in AML, suggesting that in many cases, cytogenetic
abnormalities reflect basic differences in leukemia biology
[3]- In this study, we present the results of the cytogenetic
analysis of 45 patients with de novo AML identified at the
first presentation, among over 250 patients with acute and
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chronic myeloid and lymphoid leukemias cytogenetically
investigated. The present study delineates the type and
the incidence of chromosomal abnormalities and of their
associated changes investigated in the same center between
October 2001 and July 2003. To date, karyotypic findings of
AML patients in Kuwait have not been previously de-
scribed.

In the present study, 26.6% of our patients had appar-
ently normal karyotypes. The overall incidence of normal
karyotypes was higher in children (30%) than in adults
(25.7%). The reason, why in a substantial number of pa-
tients with AML only cytogenetically normal metaphases
can be detected, remains an enigma. The possible explana-
tion can be that normal results may be attributed to the
existence of non-neoplastic cells dividing preferentially in
vitro, however, the fact that in these patients the normal
karyotype found at diagnosis remains normal at relapse,
argue against this hypothesis. More likely patients with cy-
togenetically normal karyotype display submicroscopic ge-
netic changes undetectable by cytogenetic techniques and
recent advances in molecular genetic techniques support
this theory [9, 13].

Clonal chromosomal abnormalities were detected in ap-
proximately 73% of patients with AML. Our data are con-
sistent with the results from several large prospective
studies where the frequency of abnormal clones in un-
treated patients with de novo AML varies between 60%
to 80% [4,5,9, 11]. The differences regarding the incidence
of chromosomal abnormalities identified between pediatric
cases and adults were minor (70% in children and 74.3% in
adults). The type of abnormalities identified in children is
similar to those seen in adults, although surprisingly differ-
ences were noted between the distributions of chromoso-
mal abnormalities in children compared with adult cases.
While the majority of the adults with AML can be assigned
to a known cytogenetic subgroup with recurrent chromoso-
mal abnormality, recurrent chromosome translocation was
detected only in 10% of the children population. The re-
maining 60% of children with abnormal karyotype had non-
recurring complex miscellaneous chromosomal anomalies.
The median age at diagnosis for all children patients was 6.9
years (7.8 in reported series). Our pediatric patients with
normal karyotype tended to be older (median age 10.6)
compared to those with miscellaneous abnormalities (med-
ian age 5.1), while only minor differences were seen be-
tween the age of adult patients with normal (median age
39.6) and complex karyotypes (median age 36.6). Further
differences were seen in a clinical outcome of the patients.
While 5 of 6 children in this subgroup are still in CCR, 2 of 5
adults relapsed shortly after CCR and 1 patient died 5
months after the initial diagnosis confirming the poor out-
come of patients with complex karyotypic abnormalities.

The frequency of recurrent chromosome abnormalities

in our study are similar to those seen in reported series,
although our patients with t(8;21) tend to be younger (med-
ian age 18 years) than in reported series (median age 29.5)
and while patients with inv(16) tend to be older (median age
in our study 38.3 and 26 years in reported series) [5, 9, 11].
The chromosome t(15;17) was the most frequently ob-
served genetic abnormality in our study, represented by
17.7% of patients with abnormal karyotype. All patients
with t(8;21) and t(15;17) are alive and still in CCR, except
1 patient with t(15;17) confirming the previously described
favorable outcome of patients in this subgroup. Interesting
finding in our study was the detection of trisomy of chromo-
some 22 in 2 of our patients with inv(16). Additional anoma-
lies associated with inv(16) are reported in 25% of patients
where the frequency of +22 is approximately 15% [5, 11],
therefore the frequency of trisomy of chromosome 22 was
surprisingly high in our subgroup (66.6%). The highest
median age was observed in the group of 4 male patients
with chromosome 5 and 7 abnormalities (median age 41.5
years; comparing with median age of 30.6 in adults with
abnormal karyotype). Contrary to this frequency in adult
patients (8.8% ), these abnormalities were not detected in
childhood AML in our study. Previously observed reports
indicate, that the reduced incidence of abnormalities of
chromosomes 7 and 5 in pediatric patients may be the result
of their limited environmental exposures and that these
abnormalities in adults result from exposure to leukemo-
genicagents [7, 10]. In our group of patients, the patient with
the monosomy of chromosome 7 and del(5q) as a sole
anomaly achieved CCR and are still in remission, however
the patient with chromosome 7 monosomy and complex
karyotype died 10 months after the diagnosis suggesting
the correlation between the complexity of genome changes
and disease evolution. Use of cytogenetic studies in AML
has permitted identification of specific chromosomal aber-
rations which correlate closely with distinct morphological
features and characteristics, and at the same time has the
potential to provide independent prognostic information as
has documented by other studies [6, 7, 12].

In conclusion, chromosomal abnormalities are frequent
in de novo AML in Kuwait. Recurring chromosomal aber-
rations were present in 66% cases with abnormal karyotype
and correlated with subtypes of AML. However, the occur-
rence of recurrent chromosome anomalies is not a ubiqui-
tous phenomenon. The present study confirms previous
reports demonstrating the identity of unusual complex clo-
nal chromosome aberrations in AML, suggesting that this
disease is heterogeneous in its pathogenesis. Continued
characterization of these abnormalities can lead to the iden-
tification of novel genes involved in the development of
leukemia which may ultimately lead to use of new therapeu-
tic protocols.
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