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Objective: To report characteristics and number of chromosome abnormalities detected in samples collected from patients
suspected of having haematological malignancy by clinicians.

Materials and Methods: We retrospectively reviewed karyotype data of 12,261 newly diagnosed haematological malignancy
and follow-up cases who received conventional cytogenetic analyses at Cancer Cytogenetics Unit, Chulabhorn Hospital
between 2009 and 2015.

Results: Among the total suspected and follow-up haematological malignancy cases analysed, 35.22% (4,318 cases) had
chromosomal aberrations while the other 64.78% (7,943 cases) showed normal chromosome arrangements. Among the
patients with chromosomal aberrations, there were 734 cases with numerical aberrations, another 2,621 cases with structural
aberrations, and a further 963 cases reported with both numerical and structural aberrations. Moreover, we discovered in
Thai chronic myelogenous leukaemia [CML] patients with complex translocations that a third and fourth chromosome were
sometimes involved with the Philadelphia chromosome (9; 22) (q34; q11), creating three-way and four-way translocations.

Conclusion: The present study compiles the karyotypic analysis of 12,261 haematological cases which represents the
largest dataset from Thailand. Chromosomal aberrations were found in one-third of total cases. Our information should be of
value to include in a national cancer registry.
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In Thailand, patients diagnosed with
leukaemia in both adults and children between 1995
and 2009 accounted for 3.6% of all cancer patients'”.
An incidence report in 1996 showed that the incidence
of non-Hodgkin lymphoma [NHL], Hodgkin’s disease,
and leukaemia were 4.3, 0.4, and 3.9 per 100,000
population in male patients and 3.1, 0.3, and 3.4 per
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100,000 population in female patients®. For the northern
region of Thailand, a study in 2005 showed that
leukaemia in the male population ranked 9, accounting
for around 2.9% of the total number of cancer cases. In
the female population, it was reported that NHL ranked
6", accounting for around 4.5% of the total number of
cancer cases. In the north-eastern region of Thailand,
NHL and leukaemia were reported to account for 5.1%
and 4.7% of cancer cases in the male population,
respectively. In the female population, it was reported
that NHL accounted for 3.85% of the total number of
cancer cases found. The national cancer database in
Thailand registered that in 2012 the number of new
cases of haematological malignancy (Hodgkin
lymphoma, NHL, multiple myeloma, and leukaemia)

How to cite this article: Phuwasanpetch P, Sinthuwiwat T, Yimnoon J, Auewarakul C, Herabutya P. Retrospective Karyotype
Analysis of 12,261 Cases with Hematological Malignancy. J Med Assoc Thai 2018;101;Suppl.6: S93-S100.

J Med Assoc Thai | Vol.101 | Suppl.6 | 2018

S93



were reported as 5.3% and 3.2% of cancer cases in the
male and female population, respectively.

In 2016, the World Health Organisation® has
recently proposed a new classification of myeloid and
lymphoid neoplasms®. A variety of diagnostic tools
are needed to correctly identify and categorize
haematological malignancy. Conventional cytogenetics
has contributed towards diagnosis, staging, prognosis,
treatment, treatment response evaluation and
understanding of disease biology. Chromosome
banding analysis is among other molecular
cytogenetics techniques that are used to define the
particular genetic subtype of leukemias®. The WHO
describes cytogenetics as the study of chromosomes
and of the disease states caused by numerical and
structural chromosome abnormalities®. Conventional
cytogenetic diagnostic tool is a clonal and single-cell-
based genomic screening method that has been
considered the gold standard to detect chromosomal
aberrations in haematological diseases®. Using the
most up to date series of WHO classification 2016,
conventional cytogenetic diagnostic tool can
benefit the patients suffering from haematological
malignancies. For example, lists of cytogenetic
abnormalities that now define AML with
myelodysplasia-related changes are illustrated in the
WHO Classification of Tumours, highlighting the
continuing relevance of chromosome diagnosis to
WHO Classification”. Although cytogenetic and
genetic abnormalities may be identified by various
diagnostic tools such as fluorescence in situ
hybridization [FISH], reverse transcriptase polymerase
chain reaction [RT-PCR], array-based comparative
genomic hybridization [aCGH] and single nucleotide
polymorphism [SNP] arrays to detect copy number
aberration, conventional cytogenetic remains an
essential tool in the practice of chromosomal diagnostic
work-up of haematological malignancy®.

The present study aimed to report the
descriptive data of patients diagnosed with
haematological malignancies and to give an overview
of conventional cytogenetic technique (Q-banding)
results from all haematological malignancy cases from
2009 to 2015, and to provide information about the trends
in the different types of haematological malignancies.

Materials and Methods
Patient samples

This study was reviewed and approved by
the Ethical Committee for Human Research of
Chulabhorn Research Institute (EC No. 11/2559).

S94

Heparinised bone marrow aspirates or peripheral blood
samples from patients in this study were sent to the
Cytogenetic Department at Chulabhorn Hospital by
clinicians following routine diagnosis at Chulabhorn
Hospital or at other hospitals in Thailand. During the
transportation of the samples to Chulabhorn Hospital,
their temperature was kept at 4°C. Once the samples
reached the laboratory, they were cultured within 24
hours from the initial extraction from the patient. A total
of 12,261 samples with successful karyotypes were
recruited to this study from January 2009 to November
2015. Each sample was collected for a routine
cytogenetic study in our laboratory.

Conventional cytogenetic study

Cultures of cells from bone marrow or
peripheral blood from patients were incubated in
RPMI 1,640 medium (Biological Industries)
supplemented with 20% foetal bovine serum (Biological
Industries and Biochrome AG) for 16 to 24 hours at
37°C in an atmosphere of 5% CO,. Cell harvest was
completed by standard laboratory procedures.
Chromosomes were carefully spread from harvested
cells on a glass slide. All samples were Q-banded by
staining with Quinacrine mustard (Sigma) according to
standard laboratory procedures. A minimum of 40
scanning images were collected using Metafer software
(MetaSystems). Chromosome scanning was done with
an automated Zeiss Axio Imager. Z2 equipped with a
CCD-camera (CoolCubel). Image capture was done with
a Zeiss AXIO Scope.A 1 equipped with a CCD-camera
(CoolCubel) using Relosis software (MetaSystems).
Culturing and analyses were all completed within a
single laboratory to improve the precision of the
experiments. A minimum of 40 images were scanned
and captured. The images were converted from Q-
banding into G-banding for analysis using the Ikaros
program. Analyses of at least 20 cells were completed
by three independent observers. The chromosomal
abnormalities were described according to ISCN (ISCN
2009 and 2013).

Statistical analysis

Data collection was performed using
Microsoft Office Excel. The karyotypes of the patients
were summarised for all patients using descriptive
statistics.

Results

The present study included 12,261 cases of
patients suspected of or followed-up for having
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Table 1. Summary of haematological malignancies analysed by conventional Q-banding cytogenetics techniques from 2009

to 2015
Clinical diagnosis Total number Normal Abnormal
of cases karyotype karyotype

Total cases 12,261 7,943 4318
Leukaemia 410 245 165
Acute leukaemia (not specified) 459 262 197
Acute myeloid leukaemia and acute 2,146 1,113 1,033
promyelocytic leukemia [APL]
Acute lymphoblastic leukaemia (1) 1,125 680 445
Myeloproliferative neoplasm (unclassified) 358 301 57
Chronic myelogenous leukaemia [CML] 3,118 1,526 1,592
CML post imatinib 84 49 35
Polycythaemia vera [PV] 183 172 11
Essential thrombocytosis 40 34 6
Agnogenic myeloid metaplasia [AMM] 5 2 3
MDS 1,515 1,273 242
Others

Anaemia 394 343 51

Bicytopenia 68 54 14

Eosinophilia 33 31 2

Pancytopenia 693 541 152

Thrombocytopenia 257 221 36

Thrombocytosis 171 156 15
Lymphoma (unclassified) 147 128 19
Non-hodgkin lymphoma [NHL] 82 71 11
Multiple myeloma 129 116 13
Chronic lymphocytic leukaemia [CLL] 111 85 26
Not specified 733 540 193

haematological malignancy. The haematological
malignancy cases are presented in Table 1, showing
that of the total diagnosed (n=12,261), approximately
one-third of the cases had abnormal karyotypes (n =
4,318), whereas the remaining suspected and follow-
up patients showed a normal karyotype (n = 7,943)
when diagnosed using a conventional cytogenetic
method.

The total number of cases diagnosed with
leukaemia and acute leukaemia accounted for 3.34% (n
=410) and 3.74% (n = 459) of the total, respectively.
The reason behind the diagnoses given to these groups
was that prior to the patient’s sample reaching
Chulabhorn Hospital, on the request form after initial
examination by clinicians, they could not be placed in
any specific subtype of myeloid or lymphoid neoplasm.
Therefore, a generalised name was created for these
869 cases. The analyses of chromosomal karyotype
were completed using the diagnoses of leukaemia and
acute leukaemia. Chromosomal aberrations were
detected in 40.24% (n= 165) from a total 0of 410 cases of
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leukaemia and 42.92% (n = 197) from a total 0f459 cases
of acute leukaemia.

Table 1 shows the various types of diagnostic
diseases and disorders. They are arranged to show the
number of cases that had normal and abnormal
karyotypes. The most common diagnosis was chronic
myelogenous leukaemia [CML] making up 25.43% (n=
3,118) of the total cases. An abnormal karyotype was
detected in approximately 51.06% (n=1,592) of CML
cases. Acute myeloid leukaemias [AML], which
includes APL, was the second-most common diagnosis,
at 17.5% (n = 2,146) of the total cases. An abnormal
karyotype was found in 48.14% (n = 1,033) of cases.
The third-most common diagnosis was myelodysplastic
syndromes [MDS] with 12.36% (n=1,515) of the total
cases. MDS cases often had a normal karyotype, 84.03%
(n=1,273), and an abnormal karyotype was found in
only 15.97% (n=242). Following MDS, the next most
common diagnosis was acute lymphoblastic leukaemia
(1) with 9.17% (n = 1,125) of total cases. In ALL, an
abnormal karyotype was detected in 39.56% (n=445).
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Myeloproliferative neoplasms (unclassified) were
reported as the diagnosis for 2.92% (n = 358) of the
total number. In these 358 cases, only 15.92% (n=157)
had a chromosomal abnormality. In CML post imatinib
treatment samples, only 84 cases in total were collected
with41.67% (n=35) showing chromosomal aberrations.
Chromosomal analyses of polycythaemia vera [PV]
included 183 cases with 6.01% (n = 11) exhibiting
chromosomal aberrations. Essential thrombocytosis
had only 40 cases and 15% (n = 6) had chromosomal
abnormalities. Eosinophilia had the second-lowest total
number of cases with 33 and only 6.06% (n = 2)
had chromosomal abnormalities. The least-common
diagnosis was agnogenic myeloid metaplasia [AMM]
with only 5 cases and 60% (n = 3) of these had a
chromosomal abnormality.

In the other subgroup, anaemia was reported
for 394 cases in total with only 12.94% (n=51) showing
chromosomal aberrations. Thrombocytopenia and
thrombocytosis had 257 and 171 cases in total,
respectively. Both diseases had a majority of normal
karyotypes, with only 14.01% (n=36) and 8.77% (n=
15) of thrombocytopenia and thrombocytosis cases,
respectively, having chromosomal abnormalities. For
bicytopenia, there were 68 cases in total with only
20.59% (n = 14) having chromosomal aberrations.
Chromosomal analysis of pancytopenia had 693 cases
in total with only 21.93% (n=152) having chromosomal
aberrations.

In the lymphoma (unclassified) group, there
were 147 cases in total, and 12.93% (n = 19) had
chromosomal aberrations. This lymphoma
(unclassified) group was created for patients who could
not be specifically identified as to the type of lymphoid
neoplasm. Moreover, non-Hodgkin lymphoma [NHL]
was reported with 82 cases in total and 13.41% (n=11)
showed chromosomal aberrations. The group of
patients with multiple myeloma included only 129 cases
and only 10.08% (n = 13) had chromosomal aberrations.
Chronic lymphocytic leukaemia [CLL] was diagnosed
in 111 cases and 23.42% (n = 26) had a chromosomal
aberration. The last group, Not specified, accounted
for 733 cases, and using conventional cytogenetic
techniques, 26.33% (n=193) had an abnormal karyotype
across the 7-year period.

Using the conventional cytogenetic method
of Q-banding, it was possible to categorise
chromosomal aberrations in the cases into four groups
(Table 2). The four groups were numerical aberration,
structural aberration, complex (numerical and structural
aberration), and normal chromosome karyotype.
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Table 2. Types of chromosome aberrations detected in
patients suspected with haematological malig-
nancies from 2009 to 2015

Chromosome karyotype Total cases (%)

Numerical aberration 5.99
Structural aberration 21.38
Structural and numerical complex 7.85
Normal 64.78

Numerical aberration causes a change in chromosome
number and makes up a significant proportion of
chromosomal changes found in humans. Common
examples of numerical aberrations are trisomy,
monosomy, and polyploidy. The other simple type,
structural aberration, represents a loss of genetic
material or a rearrangement in the location of the genetic
material. A few examples of structural aberrations are
deletions, duplications, inversions, translocations, and
ring formations. The remaining complex group includes
samples that contain both numerical and structural
aberrations.

The total number of samples with normal
chromosome karyotypes was 64.78% (n = 7,943).
Numerical aberrations accounted for 5.99% (n=734) of
the sample, structural aberrations for 21.38% (n=2,621),
and complex cases with both numerical and structural
aberrations accounted for 7.85% (n = 963) of the total
number of cases.

Philadelphia chromosome translocations
t(9; 22) detected in CML, AML, and CML post imatinib
are shown in Table 3. The number of't (9; 22) detected
in abnormal karyotypes of suspected CML patients
was 67.27%, with 77.14% detected in abnormal
karyotypes of CML post imatinib patients’ samples. In
addition, three-way and four-way translocations
involving the Philadelphia chromosome were detected
in 104 and 9 cases, respectively.

In Figure 1, several three-way translocation
examples are shown. These three-way Philadelphia
translocations t (9; 22; 13) (q34; q11.2; q14),t(9;22; 7)
(q34;q11.2;q11.2),t(9;22;6) (q34; q11.2; p21.3),and t
(9;22; 11)(q34; q11.2; p13) were detected from patients
suspected of having CML, in whom the majority of
translocations t (9; 22) occurred. Another example of a
translocation is shown in Figure 2, a four-way
translocation t (9; 22; 8; 12) (q34; q11.2; q22; q24.1).
Other cytogenetic abnormalities reported were
additional material of unknown origin, deletion of
chromosomes or chromosome bands, and additional
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Table 3. Philadelphia chromosome in CML, AML, and CML (post-imatinib treatment) from patient samples collected

from 2009 to 2015
Philadelphia Chromosome CML, total AML, total CML post-imatinib,
(n=1,362) n=91) total (n = 30)
t(9;22) 1,071 (78.63%) 45 (49.45%) 27 (90%)
t (9;22) with numerical and structural aberration 178 (13.07%) 46 (50.55%) 3 (10%)
Three-way translocation 104 (7.64%) N/A N/A
Four-way translocation 9 (0.66%) N/A N/A
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Figure 1.  Three-way Philadelphia translocation.

normal or abnormal chromosomes (data not shown).

Discussion

In this report, we established that the numbers
of suspected haematological malignancies cases were
12,261 from January 2009 to November 2015 with
approximately 35% of the total number of cases showing
chromosomal abnormalities after conventional
cytogenetic analysis. Our data demonstrated that the
majority of patients suspected of having haematological
malignancies had normal karyotypes. However, it is
possible that this is because we were limited to only
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conventional cytogenetics in the present study. More
sensitive diagnostic techniques such as fluorescence
in situ hybridization [FISH], polymerase chain reaction,
and comparative genomic hybridization may have
decreased the number of cases with a normal karyotype
and provided more specific data in cases with abnormal
karyotypes®'0,

The haematological malignancy that had
the largest percentage of chromosomal aberrations
detected was CML. It has been reported that the
Philadelphia translocation t (9; 22) is present in 90% to
95% of patients with CML"". However, our report
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Figure 2.  Four-way Philadelphia chromosome detected

with Q-banding in a patient suspected with
CML.

shows a positive Philadelphia translocation t (9; 22) in
only 85.55% of CML cases with an abnormal karyotype.
This should be interpreted with caution because we
cannot demonstrate with our available data that all of
our patients suspected of having CML were actually
finally diagnosed with it.

Another translocation identified in this report
is t (8; 21). Translocation t (8; 21) involves fusion of
the acute myeloid leukaemia 1 [AMLI1] gene on
chromosome 21 to the eight twenty-one [ETO] gene on
chromosome 8 to create an AML1-ETO fusion gene!'?.
Our report shows that positive t (8; 21) was detected in
6.67% of the patient bone marrow and peripheral blood
samples sent for AML and ANLL cytogenetic analysis.
This finding is consistent with a previous report
showing a positive t (8; 21) (q22; q22) translocation
was found in approximately 5% to 10% of all AML
cases"¥. AML is more common in children and younger
patients who have a higher probability of chromosomal
abnormalities, and the number of positive t (8;21) cases
decreases with increasing age!'¥.

The other common translocation pattern is
t (15; 17). This translocation fuses the retinoic acid
receptor alpha [RARA] gene on chromosome 17 to the
promyelocytic leukaemia [PML] gene on chromosome
15, resulting in the formation of a PML-RARA gene
fusion product™'9. This PML-RARA fusion gene
transcript has a crucial role in the pathogenesis of
APL, where approximately 70% to 80% of patients with
newly diagnosed APL are reported to have PML-RARA
experience long-term remission'”. We also found that
the t (15; 17) (q24; q21) translocation is detected in
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60.4% of APL cases that show chromosomal
abnormalities and 10.39% of all AML, ANLL, and
APL cases. Furthermore, additional abnormalities were
commonly detected in association with the t (15; 17)
translocation, including additional normal or abnormal
chromosomes, deletions, derivatives, insertions, and
inversions. In some cases involving t (15; 17)
translocations, cytogenetic analysis revealed a variant
three-way translocation, for example 46, XX, t (1; 15;
17) (p36.1; q24; q21).

Using conventional cytogenetic analysis, this
report showed examples of several three-way
translocations in CML. A variant three-way involving
the Philadelphia translocation was present in 6.53%
of the CML cases that showed chromosomal
abnormalities. This finding is consistent with the report
by La Starza et al®, who found variant complex
translocations involving a third chromosome in 5% to
8% of CML patients. However, in rare cases, a fourth
chromosome is also involved. A four-way translocation
is not frequently detected in CML patients and it is
observed more often in male than in female patients!'®.
In this report, a four-way translocation was detected in
only 0.57% of CML cases that showed chromosomal
abnormalities, with nine cases from male patients.
However, it is worth mentioning that in the future, using
FISH probes or whole genomic sequencing is likely to
show more accurately the break points and confirm the
three-way and four-way translocations involving the
Philadelphia chromosome.

Examples of cases with a three-way transloca
tion in 4 patients suspected of CML. Q-banding
analysis of cultured bone marrow cells from a 67-year-
old man shows translocation (9; 22; 13) (A). A 22-year-
old man shows translocation (9; 22; 7) (B). A 43-year-
old woman shows translocation (9; 22; 6) (C). A 52-
year-old man shows translocation (9; 22; 11) (D).
Arrows indicate the structurally abnormal
chromosomes. Conventional cytogenetic analysis of
cultured bone marrow cells from a 48-year-old
man shows a translocation four-way with a complete
karyotype 46, XY, t (9; 22; 8; 12) (q34; q11.2; q22;
q24.1). Arrows indicate the structurally abnormal
chromosomes.

This study reports the use of the conventional
cytogenetic technique as a tool to detect chromosomal
abnormalities. Our database could not access the follow-
up information of patients detected to have
chromosomal abnormalities because we reported only
hospital-based cases and the clinical data of these
patients were unavailable to our cytogenetic laboratory.
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This was the major limitation of this report.

Conclusion

Our study provides a comprehensive analysis
of 12,261 suspected haematological cases spanning 7
years. Chromosomal aberrations were found in 4,318
cases (one-third of total cases); the majority of them
carried structural aberrations (2,621 cases). Moreover,
this study reports many cases of Thai patients with
rare three-way and four-way Philadelphia chromosome
translocations. Further research avenues can be
developed using the information from this study, with
the primary aim of improving the diagnosis and
treatment outcome of patients.

What is already known on this topic?

Chromosomal aberrations are frequently
found in haematological malignancy cases.
Conventional cytogenetics plays an important role in
the diagnosis and classification of patients with myeloid
and lymphoid neoplasms.

What this study adds?

The present study describes the karyotypic
analysis of 12,261 haematological cases which
represents the largest dataset from Thailand and should
be useful to include in a national cancer registry. In
addition, to our knowledge, this is the first large series
of Thai patients with rare cases of three-way and four-
way Philadelphia chromosome translocations.
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