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ABSTRACT

In terms of cancer, haematological malignancies are consistently ranked in the top ten most
frequent cancers that occur each year in Ecuador. In this multicenter study project, the participants
were patients who had been diagnosed with a variety of haematological illnesses between 1984
and 2012. It was revealed that aberrant chromosomes were present in 45.9% of the instances
including 1886 individuals. In addition to conventional cytogenetics, the use of fluorescence in
situ hybridization (FISH) and reverse transcription-PCR (RT-PCR) enabled the identification of
genetic rearrangements. FISH and RT-PCR, both of which reported more positive occurrences,
pointed to the same conclusion. We investigated fusion genes that resulted from 11g23
rearrangements, translocations (8;21), translocations (15;17), inversions (16), translocations
(9;22), translocations (4;11), and t (1;19). The frequency of fusion gene transcripts was of
particular interest as a result of the fact that our results were different from those of earlier studies.
The fusion gene BCR-ABL was found in the b2/a2 transcript in 95% of CML patients, while the
b3/a2 transcript contained BCR-ABL in the remaining 5% of CML patients. Additionally, the
expression of the PML-RARA fusion gene transcript was distinct. This fusion gene had the bcr2
transcript at a frequency of 36% and the bcr3 transcript at a frequency of 64%; however, the bcrl
transcript was not discovered in our sample group. Every instance of the CBFB-MYH11 fusion
gene was discovered to include the F transcript. In addition, this translation is quite uncommon all
across the world. Patients with the MLL-AF4 fusion gene always have the E7-E8 transcript
present in their genomes. It is possible that discrepancies in the frequency of many fusion gene
subtypes in the Ecuadorian population, which is mostly made up of mestizos, were caused by a
combination of genetic and environmental factors.
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INTRODUCTION

The World Health Organization (WHO) categorizes tumors that may be found in myeloid and
lymphoid tissues; some types of these tumors can be recognized by certain genetic abnormalities.
This is how haematological neoplasms are classified generally speaking. The finding of clonal
abnormalities, which provides invaluable information for both prognosis and treatment, might
lend credence to the hypothesis of a neoplastic or premalignant condition. The World Health
Organization (WHO) has defined a growing number of haematological neoplasms as a result of
genetic anomalies, which has led to an increase in the number of specific therapy options that
directly or indirectly target genetic disorders. Utilizing genetic analysis for illness diagnosis,
categorization, and prognostication, as well as monitoring the body's reaction to treatment, is thus
very necessary. In recent years, a number of cytogenetic diagnostics, including as chromosomal
banding and fluorescence in situ hybridization (FISH), have become more important in the
therapeutic management of patients. In the testing that is done in the future, technologies based on
arrays and processes that sequence the whole genome will take the place of karyotyping and
FISH. In today's world, genetic abnormalities are analyzed utilizing a wide variety of techniques,
either alone or in combination. Even though they are not being used in diagnostic settings at the
present time, new technologies that can simultaneously detect copy number alterations, structural
differences, and mutations are now available. It is anticipated that this approach will be
extensively used in the future even though it is not being used in diagnostic settings at the present
time. This study does not include further suggestions for molecular testing since doing so would
go beyond the scope of the project. It is essential that a comprehensive report be delivered, one
that takes into account cytogenomic as well as molecular genetic information. This material need
to contain prognostic information derived from cytogenetics, provided that it is appropriate.

LITERATURE REVIEW

Yassmine M. N. Akkari (2022) - Since the field of cytogenetics was first developed, it has been
very significant in the process of diagnosing hematologic tumors. Chromosome banding
experiments have shown that variations in copy quantity and structural features throughout the
whole genome may lead to carcinogenesis, provide insight into the nature of diseases, and direct
treatment. The advancements in sequencing technologies that have occurred in recent years
ushered in the present era of clinical genomics. We, an international consortium of laboratory
geneticists, pathologists, and oncologists, share our thoughts on crucial next steps to implement
these novel technologies in a global clinical setting for the purpose of producing more accurate
diagnoses. In this article, we describe the benefits and drawbacks of both conventional
chromosome banding and novel sequencing technologies, as well as their similarities and
differences. We provide some things to think about regarding the expansion of cytogenetic testing
all over the globe, taking into account the clinical, logistical, technical, and economic sides of the
matter.
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K. A. Rack (2019) - K. A. Rack Cytogenomic investigations, such as chromosomal banding and
fluorescence in situ hybridization (FISH), are becoming more important in the therapeutic care of
patients who are afflicted with haematological tumors. This is because these types of research may
help clinicians better target their treatment. Even though cytogenomic testing may be carried out
using a number of distinct approaches, the widespread use of this technique in the field of genetic
diagnosis has brought into sharper focus the need for expert guidance about the criteria that are
considered to be the most essential. In order for laboratories to carry out their operations in
accordance with the standards that are generally recognized and to provide a service of sufficient
caliber, the aforementioned recommendations give a document that is current, applicable, and
easy to understand.

Aikaterini Koutsi (2018) - There are a number of chromosomal abnormalities as well as
epigenetic alterations that have the potential to induce haematological disorders. The sequencing
of the genome and the exome have been found to be highly successful in identifying a large
number of variations that are connected to haematological conditions including sickle cell anemia
and acute lymphoblastic leukemia. knowledge is mounting that genetic information may be used
to a wide variety of therapeutic practices, such as diagnosis, prognosis, and the prediction of a
patient's reaction to treatment. Patients suffering from haematological diseases may benefit from
novel personalized medications as a result of this knowledge.

Shailendra Dwivedi 2017 - The study of genomics has shifted its emphasis to the identification
of pathogenic occurrences at the level of the genome as a result of the recent proliferation of
molecular technology and the cross-disciplinary interaction between a number of different fields.
The approaches of structural and functional genomics have brought to light the technical
challenges involved in the identification of disease-related genes, as well as the identification of
structural anomalies or the clarification of gene function. Utilizing mutation scanning and the
technology behind DNA chips, structural genomics is now creating a large library of disease
genes, genetic alterations, and other genetic variants. As a component of functional genomics
(hybridization, PCR, and sequence-based technologies), as well as the two-hybrid technique, next
generation sequencing in conjunction with bioinformatics and computational biology is now being
investigated as well. Because of advancements in "chip” technology known as microarrays, it is
now feasible to examine the expression patterns of thousands of genes in parallel at the same time.
Single nucleotide polymorphisms, sometimes known as SNPs, are being found at a pace that has
never been seen before because to the abundance of data that has been collected from the genomes
of a large number of individuals. The method of phage display as well as the generation of genes
that encode antibodies have both contributed to the revolution that has taken place in
immunoassay biotechnology. One of the primary responsibilities of biotechnology is the creation
of diagnostic tests that may be used in the event of an outbreak or other medical emergency. In
addition, there is a need to handle the commercialization and widespread transmission of genetic
information that is produced by the biotechnology industry, as well as the production and
marketing of diagnostic services. The pharmaceutical industry has a significant challenge when it
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comes to the use of genetic factors for the selection of patients and the individualization of
assessments of the dangers and benefits of treatment. As a result of the revolutionary character of
this field, it is possible that new approaches to the treatment of sickness may become available in
the near future.

RESEARCH AND METHODOLOGY

Between the years 1984 and 2012, a total of 4108 people from ten institutions located in a variety
of places in Ecuador who had been referred to the genetic study were investigated for their various
haematological cancers. The haematological illnesses were classified according to WHO
guidelines when they were examined and diagnosed. As soon as the bone marrow cells were
extracted from the body, they were put through a cytogenetic analysis to determine their genetic
make-up. In order to categorize the morphological and numerical anomalies that were discovered
by the G-banding method, the International System for Human Cytogenetic Nomenclature was
used.

The results of the cytogenetic tests were categorized as either having a normal karyotype, being
hyperdiploid, being hypodiploid, having a translocation, or having a difficult karyotypy.
Numerous rearrangements, such as t (8;21), t (15;17), and 11923 (t (1;19) and t (9;22), are
associated with ALL, AML, and CML. This is the case with many of the rearrangements. Because
chromosomal abnormalities with three or more alterations are so rare, this group of
haematological malignancies has been given the name "complex karyotype" to reflect their
unusual nature. It was agreed to separate the patients into two unique groups, each of which would
be based on their respective ages. Patients who were less than 15 years old were placed in one
group, known as the pediatric group, while patients who were more than 16 years old were placed
in the adult group.

It was discovered that the fusion genes were found utilising the t (8;21) (922; g22), t (15;17) (921;
g22), inv (16/t (16;16) (p13 22), t (9;22) (934 q11.2), t (1;19) (923 q13.3), t (12;21 (p13 g22) and
translocations involving 11923 and 8g24. LSI PBX1 Dual Color, Dual Fusion Translocation
Probe; LSI TCF3/PBX1 Dual Color, Dual Fusion Translocation Probe; Vysis LSI ETV6(TEL)/
RUNX1(AML1) ES Dual Color Translocation Probe Set; Vysis LSI MLL Dual Color, Break
Apart Rearrangement Probe; and Vysis LSI MYC Dual Color Break Apart Rearrangement Probe
(Abbott). Each sample was evaluated using two hundred cells, with normal blood cells serving as
a negative control. We used previously established techniques to extract total and messenger RNA
from bone marrow samples [24]. Reverse transcriptase-polymerase chain reaction (RT-PCR) was
used to identify the junction location of the chimeric gene in the RNA of the samples.

DATA ANALYSIS

Males outnumbered females by a margin of 56.7 percent to 1780 (43.3 percent) of the 4108 newly
diagnosed patients with various haematological malignancies. An average patient age was 43,
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however the variation was wide. There were 715 acute myeloid leukaemia (AML), 1260 acute
lymphoblastic leukaemia (ALL), 168 myeloproliferative disorder (MPD), 945 CML, 15
polycythemia vera (PV), 63 essential thrombocythemia (ET) and 2 monoclonal gammopathy of
undetermined significance (MGUS) (Figure 1). Figures 2 and 3 depict the cases, which were
sorted according to gender and age.

Conventional Cytogenetics

We analysed a minimum of 20 metaphases per patient using conventional cytogenetics in 4108
individuals. A total of 1886 (45.9 percent) individuals showed chromosomal abnormalities,
whereas 1405 (34.2 percent) had a normal karyotype.
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Figure 1. Types of hematological diseases in which genetic study was conducted in
Ecuadorian population, 1984-2012.
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Figure 2. Hematological diseases analyzed by group of age in the Ecuadorian population.
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Figure 3. Hematological diseases analyzed by gender in the Ecuadorian population.

Numeric and structural chromosomal abnormalities were found in 24.6 percent of individuals, as
well as karyotypes with multiple chromosomes (24.8 percent patients). Only a small percentage
of the samples were able to be categorised using this method. Most prevalent translocations in
structural chromosomal modifications were t (8;21), t (15;17), 11923 rearrangements, t (1;19) and
t (9;22) and were linked to the development of cancers of the blood.

© Association of Academic Researchers and Faculties (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 1452



Table 1. Cytogenetics findings in Ecuadorian patients with hematological neoplasm.

Altered Karyotype
Hematological Cases Normal Karyotype No Methaphases
Diseas GJ (n) Hyperdiploid Hypodiploid Translocation Complex
n k) n Y n Y n Y n o n %
AML 715 259 36.2 66 92 57 8.0 68 95 110 154 15 217
ALL 1260 419 333 102 81 92 7.3 99 7.9 191 152 35 283
MDS 168 75 446 15 8.9 9 54 4 24 20 119 45 268
MPD 52 26 500 8 154 3 58 3 58 g 154 ! 7.7
CML 045 100 10.6 6 0.6 6 06 756 80.0 10 1.1 67 7.1
PV 15 9 60.0 1 6.7 1 6.7 0 0 0 0 4 26.7
ET 63 35 556 0 0 1 1.6 1 1.6 4 6.3 22 349
CLL 104 46 442 7 6.7 5 48 2 1.9 15 144 29 279
HCL 10 5 500 1 10.0 0 0 0 0 0 0 4 400
MGUS 4 3 750 0 0 0 0 0 0 0 0 1 250
MM 165 63 382 14 8.5 7 42 8 48 30 18.2 43 26.1
PCL 2 1 500 0 0 0 0 0 0 0 0 1 50.0
WM 1 1 100.0 0 0 0 0 0 0 0 0 0 0
MA 14 5 357 0 0 0 0 0 0 2 143 7 50.0
FA 5 2 400 0 0 0 0 0 0 3 60.0 0 0
HL 80 56 70,0 3 38 2 25 0 0 9 113 I 12.5
NHL 505 300 594 30 59 27 53 14 28 66 131 68 135
Total 4108

®ALL, Acute Lymphoblastic Leukemia; AML, Acute Myeloid Leukemia; MDS, Myelodysplastic
Syndromes; MPD, Myeloproliferative Disease; CML, Chronic Myeloid Leukemia; PV,
Polycythemia vera; ET, Essential Thrombocythemia; CLL, Chronic lymphocytic leukemia; HCL,
Hairy cell leukemia; MGUS, mono-clonal gammopathy of undetermined significance; MM,
Myeloma Multiple; PCL, Plasma Cell Leukemia; WM, Waldenstrom Macroglobulinemia; FA,
Fanconi Anemia; MA, Medullary Aplasia; HL, Hodgkin Lymphoma; NHL, Non-Hodgkin
Lymphoma.

Among the most common chromosomal abnormalities in leukaemia have been found in this
investigation. The following are some of the most significant findings:

Trisomy 8 (4%) was the most common chromosomal abnormality detected in AML, followed by t
(8;21) (4.3%), t (15;17) (3%) and inv (16) (1.3%) (5.3 percent). 11923 rearrangements, t (9;22)
(15.5%), t (1;19) (4.8%), t (4;11) (1.2%), and t (8;14) were the most common in ALL (0.4 percent
each). Eighty percent of CML patients have t (9;22). Chromosome 14 rearrangements were found
in 8.5% of MM patients. In NHL, translocations were found in 20% of the changed metaphases.
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FISH Evaluation

Samples from patients without metaphases or with normal karyotypes were utilised for FISH,
using probes specific to the most common leukaemia rearrangements. 13/715 AML patients,
31/1260 ALL patients, and 7/945 CML patients had changes that boosted our favourable
outcomes by 2 percent, 2.5 percent and 1 percent correspondingly (Table 2).

Molecular Study

The results of the FISH experiment were consistent with those obtained from the molecular
analysis (Table 2). It was discovered that there was an increase in good outcomes from
conventional cytogenetics in 22/715 AML patients, 29/1260 ALL patients, 65% of CML patients,
and 3.1 percent of CML patients who did not have any metaphases in their cancerous cells.

Products of the AML1-ETO RT-PCR were discovered in instances in whom the t (8;21)
translocation was established by FISH. It was discovered that AML patients with PML-RARA
rearrangements had the bcr2 and bcr3 transcripts in 36% and 64% of the cases, respectively. There
was not a single one of these people who had the bcrl transcript. Seven patients who had ALL
have the CBFB-MYH11 fusion transcript, and all of these patients had the type F transcript.
RTPCR was able to identify the BCR-ABL fusion gene in every single one of the t (9;22) positive
ALL patients, and every single sample showed evidence of the el-a2 transcript. Four of the ten
patients with ALL who had 11923 rearrangements were found to have the t (4;11) within the
MLL-AF4 fusion gene. In each and every case, the e7-e8 transcript was found to be present. The
E2APBX1 fusion gene discovered was designated by the symbol t (1;19). In CML patients who
had the BCR-ABL fusion gene, the b2a2 and b3a2 fusion transcripts were detected in 95% and
5% of those individuals, respectively.
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Table 2. Positive results in AML, ALL and CML cases without metaphases and normal

karyotypes.
FISH RT-PCR
AML
Probe No. Cases? Fusion Gene No. Cases® Transcripts
t(8;21) 4 AML1-ETO 4
t (15;17) 5 PML-RARA 11° 4 (bcr2) & 7
(bcr3)
Inv (16) 1 CBFB-MYH11 7° 7 (type F)
(v11923)
ALL
Probe No. Cases® Fusion Gene No. Cases’ Transcripts
t(9;22) 9 BCR-ABL 18° 18 (ela2)
(v 1123 10 ) MLL-AF4 4N 4 (e8-€7)
t(1;19) 1 E2A-PBX1 1 7 (type F)
t (12;21) 9
t (8;14) 2
CML
Probe No. Cases' Fusion Gene No. Cases’ Transcripts
t(9;22) 7 BCR-ABL 65" 62 (b2-a2) &
3(b3a2)

FISH analysis in 13 cases; "RT-PCR analysis in 22 cases; ““These results included the positive
cases by FISH and other cases without cytogenetic result; ®FISH analysis in 31 cases; '/RT-PCR
analysis in 29 cases; This result included the positive cases by FISH and other cases without
cytogenetic result; "This result shown the specific fusion gene in 4/10 cases with rearrangement of
11923 determined by FISH; 'FISH analysis in 7 cases; 'RT-PCR analysis in 65 cases; “This result

included the positive cases by FISH and other cases without cytogenetic result.
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The RT-PCR analysis was not carried out in patients with AML who had 11923 rearrangements
and ALL patients who had t (12;21) and t (8;14).

CONCLUSION

Hematological illnesses are a leading cause of death in Ecuador. A wide range of chromosomal
abnormalities and molecular haematological issues have been documented, however there is a
lack of knowledge in Ecuador. Patients with hematologic illnesses who were submitted for genetic
testing had their chromosomes characterized in this study, allowing researchers to learn more
about the course of the disease and its prospects for recovery. Since 1984, when cytogenetic
research started in Ecuador, we offer data from genetic investigations undertaken in three
reference institutions in Quito. In addition to patients sent from 10 different Ecuadorian cities,
these facilities studied their own patients. It is important to note that 45.9 percent of patients have
chromosomal abnormalities, which might affect their prognosis and how well they respond to
treatment. FISH probes were used in situations where a karyotype could not be obtained or a
normal karyotype was obtained. We were able to identify an average of 1.8% more changes,
which resulted in an increase in the number of individuals being categorised as having a blood
disorder. Leukemia-associated translocations accounted for the majority of these mutations. By
employing RT-PCR, we were able to confirm FISH-positive instances. Indigenous Amerindians
and Europeans have coexisted peacefully in Ecuador for 500 years. Consider the possibility that
the discrepancies in the frequency of distinct transcripts in the Ecuadorian population compared to
other populations may be the consequence of a different genetic component in the Ecuadorian
population [35,36]. When traditional cytogenetics couldn't solve a problem, FISH and RT-PCR
procedures were utilised to provide findings that could be used to help patients' diagnoses. Fusion
genes demonstrate distinct genetic behaviour than previously reported genes linked to disorders
such cystic fibrosis, meningioma, and hemochromatosis, such as hRAD54 in meningioma.

REFERENCES

1. Yassmine M. N. Akkari, Linda B. Baughn, Adrian M. Dubuc, Adam C. Smith, Mar
Mallo, Paola Dal Cin, Maria Diez Campelo, Marta S. Gallego, Isabel Granada Font,
Detlef T. Haase, Brigitte Schlegelberger, Irma Slavutsky, Cristina Mecucci, Ross L.
Levine, Robert P. Hasserjian, Francesc Solé, Brynn Levy, Xinjie Xu; Guiding the global
evolution of cytogenetic testing for hematologic malignancies. Blood 2022; 139 (15):
2273-2284. doi: https://doi.org/10.1182/blood.2021014309

2. Rack, K.A., van den Berg, E., Haferlach, C. et al. European recommendations and quality
assurance for cytogenomic analysis of haematological neoplasms. Leukemia 33, 1851—
1867 (2019). https://doi.org/10.1038/s41375-019-0378-2

3. Koutsi, Aikaterini, and Elisavet-Christina VVervesou. “Diagnostic molecular techniques in
haematology: recent advances.” Annals of translational medicine vol. 6,12 (2018): 242.
d0i:10.21037/atm.2018.05.30

© Association of Academic Researchers and Faculties (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 1456



4. Campos, Catharina & Melo, Carolina & Duarte, Siliana & Neto, Joaquim & Dutra,
Alvaro & Atalla, Angelo & Pianovski, Mara & Carbone, Edna & Lares, Luciana &
Moraes-Souza, Helio & Silva, Shirlei & Ferreira, Alessandro & Assumpcao, Juliana.
(2015). Molecular genetics and Cytogenetics data of 317 patients with de novo acute
leukemia. Open Journal of Hematology. 6. 1. 10.13055/ojhmt_6_1 3.150504.

5. Dwivedi, S., Purohit, P., Misra, R. et al. Diseases and Molecular Diagnostics: A Step
Closer to Precision Medicine. Ind J Clin Biochem 32, 374-398 (2017).
https://doi.org/10.1007/s12291-017-0688-8

6. Facts 2013, “Leukemia & Lymphoma Society,” 2013.
http://www.lls.org/content/nationalcontent/resourcecenter
[freeeducationmaterials/generalcancer/pdf/facts.pdf

7. P. Cueva and J. Yérez, “National Cancer Registry: Cancer Epidemiology in Quito 2003-
2005,” Sociedad de Lucha contra el Cancer, Quito, 2009.

8. M. San Sebastian and A. K. Hurtig, “Cancer among Indigenous People in the Amazon
Basin of Ecuador, 1985- 2000,” Revista Panamericana de Salud Pudblica, Vol. 16, No. 5,
2004, pp. 328-333.

9. J. Ferlay, H. R. Shin, F. Bray, D. Forman, C. Mathers, and D. M. Parkin, “GLOBOCAN
2008 v2.0, Cancer Incidence and Mortality Worldwide,” Lyon, France, IARC Cancer-
Base No. 10 [Internet]: International Agency for Research on Cancer, 2010.
http://globocan.iarc.fr

10. C. Y. Meng, P. J. Noor, A. Ismail, M. F. Ahid and Z. Zakaria, “Cytogenetic Profile of De
Novo Acute Myeloid Leukemia Patients in Malaysia,” International Journal of
Biomedical Science, Vol. 9, No. 1, 2013, pp. 26-32.

11. D. Rowe, S. J. Cotterill, F. M. Ross, D. J. Bunyan, S. J. Vickers, J. Bryon, et al.,
“Cytogeneticaly Cryptic AML1- ETO and CBF Beta-MYH11 Gene Rearrangements:
Incidence in 412 Cases of Acute Myeloid Leukemia,” British Journal of Haematology,
Vol. 111, No. 4, 2000, pp. 1051-1056. http://dx.doi.org/10.1111/j.1365-
2141.2000.02474.x

12. C. Schoch, S. Schnittger, W. Kern, E. Lengfelder, H. Loffler, W. Hiddemann, et al.,
“Rapid Diagnostic Approach to PML-RARA-Positive Acute Promyelocytic Leukemia,”
The  Hematology Journal, Vol. 3, No. 5 2002, pp. 259-263.
http://dx.doi.org/10.1038/sj.thj.6200181

13. Mistry AR, Pedersen EW, Solomon E, Grimwade D. The molecular pathogenesis of acute
promyelocytic leukaemia: implications for the clinical management of the disease. Blood
Rev. 2003; 17: 71-97. http://dx.doi.org/10.1016/S0268-960X(02)00075-9

14. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele J, Vardiman JW.
WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues. 4th ed.;
IARC: Lyon, 2008.

© Association of Academic Researchers and Faculties (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 1457


https://doi.org/10.1007/s12291-017-0688-8
https://doi.org/10.1007/s12291-017-0688-8
https://doi.org/10.1007/s12291-017-0688-8
https://doi.org/10.1007/s12291-017-0688-8
https://doi.org/10.1007/s12291-017-0688-8
https://doi.org/10.1007/s12291-017-0688-8
https://doi.org/10.1007/s12291-017-0688-8
https://doi.org/10.1007/s12291-017-0688-8
https://doi.org/10.1007/s12291-017-0688-8
https://doi.org/10.1007/s12291-017-0688-8
https://doi.org/10.1007/s12291-017-0688-8
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181
http://dx.doi.org/10.1038/sj.thj.6200181

15. Vardiman JW, Harris NL, Brunning RD. The World Health Organization (WHO)
classification of the myeloid neoplasms. Blood. 2002; 100: 2292-302.
http://dx.doi.org/10.1182/blood-2002-04-1199

© Association of Academic Researchers and Faculties (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 1458



