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ABSTRACT

Cytogenetic and molecular abnormalities are fundamental drivers of hematologic malignancies, shaping disease 

classification, prognosis, and therapeutic decision-making. Over the past two decades, advances in next-generation 

sequencing and precision medicine have substantially expanded our understanding of the genetic and epigenetic 

mechanisms underlying leukemia, lymphoma, and related disorders. To provide a comprehensive synthesis, a narrative 

review of peer-reviewed literature published between January 2000 and June 2025 was conducted across PubMed, 

Scopus, Embase, and Web of Science. Eligible studies included original research, systematic reviews, and meta-

analyses reporting on cytogenetic and molecular mechanisms, diagnostic biomarkers, and therapeutic innovations in 

hematologic malignancies. Findings from this review highlight recurrent chromosomal abnormalities such as t(9;22) 

BCR-ABL1 in chronic myeloid leukemia, t(15;17) PML-RARA in acute promyelocytic leukemia, and del(17p)/TP53 

mutations in chronic lymphocytic leukemia as pivotal prognostic and therapeutic markers. Molecular mutations 

including FLT3, NPM1, IDH1/2, and DNMT3A were consistently linked to poor or intermediate outcomes in acute 

myeloid leukemia, while MYD88 and EZH2 mutations were frequently observed in B-cell lymphomas. Diagnostic 

modalities such as fluorescence in situ hybridization, PCR, and next-generation sequencing were shown to improve 

classification and treatment guidance. Importantly, targeted therapies including tyrosine kinase inhibitors, FLT3 and 

IDH inhibitors, and epigenetic modulators have significantly transformed patient outcomes, although access and 

treatment resistance remain major barriers, especially in low-resource settings. This review underscores the need for 

molecularly informed diagnostic algorithms, wider integration of next-generation sequencing into standard care, and 

expanded access to targeted therapies. Strengthening laboratory infrastructure, establishing region-specific treatment 

guidelines, and enhancing equitable access to molecular testing and therapy are essential steps toward improving 

outcomes. Overall, cytogenetic and molecular profiling has redefined the management of hematologic malignancies, 

but disparities in access and the emergence of resistance highlight the importance of continued innovation, biomarker 

discovery, and personalized therapeutic strategies to achieve durable patient benefit.
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Cytogenetic and Molecular Abnormalities in Hematologic 
Malignancies: A Comprehensive Review of Mechanisms, 
Biomarkers, and Therapeutic Advances

INTRODUCTION

Hematologic malignancies (HMs) are a 

heterogeneous group of clonal disorders of 

hematopoietic and lymphoid tissues characterized 

by  recur ren t  cy togene t ic  and  molecu la r 

abnormalities¹,². Early discoveries, such as the 
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Philadelphia chromosome t(9;22)(q34;q11) and its 

product BCR-ABL1 in chronic myeloid leukemia 

(CML), established chromosomal alterations as key 

drivers of disease biology³. Today, the WHO 5th 

ed i t i on  haema to lympho id  c l a s s i f i c a t i on 

incorporates molecular genetics into diagnostic 

definitions, reflecting the paradigm shift from 

morphology-based classification to integrated 

cytogenomic models¹ .  In recent  decades, 

technological advances such as next-generation 

sequencing (NGS) have identified a wide spectrum 

of somatic mutations, structural variants, and copy-

number alterations in hematologic cancers⁴,⁵. These 

discoveries have informed prognostication and 

enabled precision medicine through therapies 

targeting FLT3, IDH1/2, and BCL2, among others⁶,⁷. 

Nevertheless, challenges remain, including clonal 

heterogeneity, resistance to targeted therapy, and 

limited availability of advanced diagnostics in low- 

and middle-income countries⁸.

Cytogenetic abnormalities include translocations, 

aneuploidy, and copy-number alterations that 

directly contribute to malignant transformation. 

Balanced translocations producing oncogenic 

fusions are among the most significant. The BCR-

ABL1 fusion in CML results in constitutive tyrosine 

kinase activity, while PML-RARA in acute 

p r o m y e l o c y t i c  l e u k e m i a  ( A P L )  d r i v e s 

differentiation arrest but is highly targetable with all-

trans retinoic acid (ATRA) and arsenic trioxide³,⁹. 

Other recurrent translocations include RUNX1-

RUNX1T1 [t(8;21)] and CBFB-MYH11 [inv(16)], 

both associated with favorable prognosis in acute 

myeloid leukemia (AML)¹⁰. Aneuploidy and 

structural abnormalities also play critical roles. Loss 

of chromosome 7 or deletions of 5q are strongly 

associated with poor outcomes in myeloid 

malignancies¹¹. Similarly, trisomy 12 and 17p 

deletions are important in chronic lymphocytic 

leukemia (CLL), the latter linked to TP53 

inactivation and therapy resistance¹². Copy-number 

alterations, including deletions of CDKN2A or 

IKZF1 in acute lymphoblastic leukemia (ALL), 

further refine risk classification and influence 

therapy selection¹³.

NGS has expanded understanding of molecular 

pathogenesis in hematologic malignancies. In AML, 

recurrent mutations in FLT3, NPM1, and IDH1/2 are 

among the most clinically relevant¹⁴,¹⁵. FLT3-ITD 

mutations confer high relapse risk but are targetable 

with midostaurin or gilteritinib¹⁶. NPM1 mutations, 

in contrast, often predict favorable prognosis unless 

co-occurring with adverse cytogenetics¹⁴. IDH1/2 

mutations induce production of the oncometabolite 

2-hydroxyglutarate, and specific inhibitors such as 

ivosidenib and enasidenib have demonstrated 

clinical efficacy¹⁷. Epigenetic regulators, including 

TET2, DNMT3A, and ASXL1, are frequently 

mutated across myeloid neoplasms, reflecting the 

importance of aberrant DNA methylation and 

chromatin remodeling¹⁸. In lymphoid malignancies, 

abnormalities in MYC, BCL2, and BCL6 define 

high-grade lymphomas, while NOTCH1 mutations 

are implicated in T-cell ALL¹⁹,²⁰.

Conventional karyotyping remains the gold standard 

for detecting chromosomal translocations, though it 

requires dividing cells and has limited resolution²¹. 

Fluorescence in situ hybridization (FISH) 

complements karyotyping by detecting common 

fusion genes such as BCR-ABL1 and PML-

RARA²². Molecular assays, including reverse 

transcriptase PCR (RT-PCR), provide quantitative 

monitoring of fusion transcripts, critical for minimal 

residual disease (MRD) assessment²³. High-

resolution technologies such as SNP arrays and 

comparative genomic hybridization (CGH) have 

revealed cryptic copy-number alterations²⁴. NGS, 

through targeted panels  or  whole-exome 

sequencing, now enables comprehensive profiling 

of point mutations, structural variants, and fusion 

transcripts²⁵. More recently, single-cell genomics 

and long-read sequencing have uncovered clonal 

heterogeneity and complex rearrangements with 

unprecedented detail²⁶.

Biomarkers derived from cytogenetic and molecular 

findings serve diagnostic, prognostic, and predictive 

purposes. For instance, BCR-ABL1 is both 

diagnostic of CML and predictive of response to 

tyrosine kinase inhibitors (TKIs)³,¹⁶. Similarly, 

FLT3 mutations in AML predict benefit from FLT3 

inhibitors, while IDH mutations guide use of IDH 

inhibitors¹⁴,¹⁷. TP53 mutations, by contrast, 

consistently predict poor prognosis across 

hematologic cancers¹². These discoveries have 
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revolutionized therapy. TKIs such as imatinib have 

transformed CML outcomes³. Venetoclax, a BCL2 

inhibitor, is now widely used in AML, particularly in 

older or unfit patients, in combination with 

hypomethylating agents⁶. CAR-T therapies targeting 

CD19 or CD22 have achieved durable remissions in 

relapsed/refractory ALL and lymphomas²⁰. Novel 

menin inhibitors targeting KMT2A-rearranged and 

NPM1-mutated AML are showing promising early 

results²⁷.

Despite progress, several challenges persist. Clonal 

evolution leads to therapeutic resistance, 

exempl i f i ed  by  secondary  FLT3 or  IDH 

mutations¹⁶,¹⁷. In CAR-T therapy, antigen escape 

through loss of CD19 remains problematic²⁰. 

Furthermore, disparities in access to molecular 

testing and targeted therapies limit their impact in 

low- and middle-income countries⁸,²⁸. Future 

directions include broader implementation of 

integrated DNA/RNA sequencing panels , 

application of single-cell and spatial genomics, and 

incorporation of artificial intelligence for predictive 

modeling²⁶,²⁹. Importantly, expanding access to 

diagnostics and novel therapies in resource-limited 

settings is essential for equitable outcomes.

This review synthesizes evidence on cytogenetic and 

molecular mechanisms underlying hematologic 

malignancies, discusses diagnostic modalities and 

biomarkers, and highlights therapeutic advances, 

while also exploring challenges and future 

directions.

MATERIALS AND METHODS 

This comprehensive review was conducted to 

synthesize current evidence on cytogenetic and 

molecu la r  abnormal i t i e s  in  hemato log ic 

malignancies, with an emphasis on mechanisms, 

diagnostic biomarkers, and therapeutic advances. 

The review followed a narrative design with 

structured elements of systematic searching to 

ensure inclusiveness and rigor.

A comprehensive search strategy was applied to 

major biomedical databases, including PubMed, 

Scopus, Embase, and Web of Science, covering 

publications from January 2000 to June 2025. Search 

terms were developed using Medical Subject 

Headings (MeSH) and relevant keywords, such as 

“hematologic malignancies,” “cytogenetic 

abnorma l i t i e s , ”  “molecu la r  mu ta t ions , ” 

“biomarkers,” “prognosis,” and “targeted therapy.” 

Boolean operators (“AND,” “OR”) were applied to 

expand and refine the search. Reference lists of key 

studies and review articles were also screened to 

capture additional relevant publications.

Inclusion criteria consisted of peer-reviewed 

original research, meta-analyses, and review articles 

reporting on cytogenetic or molecular abnormalities 

in leukemia,  lymphoma, myelodysplast ic 

syndromes, and myeloproliferative neoplasms. 

Studies were included if they provided data on 

prevalence, prognostic implications, diagnostic 

applications, or therapeutic interventions. Exclusion 

criteria were studies focused exclusively on non-

hematologic cancers, conference abstracts without 

full manuscripts, articles not published in English, 

and studies with insufficient methodological detail 

or patient population data.

Two independent reviewers screened titles and 

abstracts for eligibility, and discrepancies were 

resolved by consensus. Full texts of potentially 

relevant studies were retrieved and assessed. Data 

were extracted on study design, patient population, 

geographic setting, type of malignancy, cytogenetic 

or molecular abnormality assessed, diagnostic 

approach, clinical significance, and therapeutic 

relevance.

The extracted information was synthesized 

thematically. Cytogenetic abnormalities were 

grouped by chromosomal rearrangements, 

deletions, and numerical abnormalities, while 

molecular findings were categorized by gene 

mutations, signaling pathways, and epigenetic 

regulators. Diagnostic tools, including cytogenetics, 

fluorescence in situ hybridization (FISH), 

polymerase chain reaction (PCR), and next-

generation sequencing (NGS), were reviewed in 

relation to their detection rates and clinical utility. 

Therapeutic advances, particularly targeted 

therapies, immunotherapies, and emerging agents, 

were analyzed in relation to specific abnormalities.

No quantitative meta-analysis was performed due to 

heterogeneity in study designs and reporting. 

Instead, findings were summarized narratively, with 
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attention to recurrent patterns across studies, clinical 

significance, and translational implications.

RESULTS AND DISCUSSION

Cytogenetic abnormalities

Cytogenetic alterations remain the foundation for 

classifying hematologic malignancies. In chronic 

myeloid leukemia (CML), the Philadelphia 

chromosome t(9;22)(q34;q11) resulting in the BCR-

ABL1 fusion gene is both pathognomonic and 

therapeutically actionable, as its discovery 

revolutionized treatment with tyrosine kinase 

inhibitors (TKIs) such as imatinib, dramatically 

improving survival outcomes³. Similarly, in acute 

promyelocytic leukemia (APL), the balanced 

translocation t(15;17)(q24;q21), which generates the 

PML-RARA fusion, is not only diagnostic but also 

forms the basis for treatment with all-trans retinoic 

acid (ATRA) and arsenic trioxide⁹. In acute myeloid 

leukemia (AML), core-binding factor abnormalities, 

including t(8;21)(q22;q22) and inv(16)(p13q22), 

account for approximately 20% of cases and are 

associated with favorable outcomes under intensive 

chemotherapy¹⁰. By contrast, poor-risk cytogenetic 

changes such as monosomy 7, complex karyotypes, 

and deletion of chromosome 5q occur in 15–20% of 

myeloid neoplasms and are consistently linked with 

inferior survival and higher relapse rates¹¹.

Molecular mutations

Parallel to cytogenetic insights, molecular profiling 

has uncovered recurrent mutations that refine risk 

stratification. In AML, NPM1 mutations occur in 

roughly 25–30% of cases, conferring a favorable 

prognosis in the absence of coexisting FLT3-ITD 

mutations, which are present in 20–30% of patients 

and carry a high relapse risk¹⁴,¹⁵,¹⁶. Mutations in 

metabolic enzymes IDH1 and IDH2 are found in 

10–15% of AML patients and have led to the 

development of targeted inhibitors that are now 

integrated into treatment protocols¹⁷. In chronic 

lymphocytic leukemia (CLL), deletions and 

mutations of TP53 occur in about 5–10% of cases 

a n d  p r e d i c t  r e s i s t a n c e  t o  s t a n d a r d 

chemoimmunotherapy, thereby directing patients 

toward novel targeted agents such as BTK and BCL2 

inhibitors¹²,¹⁹. Similarly, in acute lymphoblastic 

leukemia (ALL), deletions in IKZF1 are detected in 

up to 20% of B-ALL cases, while activating 

NOTCH1 mutations, present in nearly 50% of T-

ALL, are associated with disease biology and 

therapeutic responsiveness¹³,²⁰. In myelodysplastic 

syndromes (MDS) and myeloproliferative 

neoplasms (MPN), mutations in epigenetic 

regulators such as TET2, ASXL1, and DNMT3A are 

present in over 30% of cases and predict adverse 

disease progression and leukemic transformation¹⁸.

Diagnostic integration

While conventional cytogenetics can detect 

chromosomal abnormalities in approximately 

60–70% of  AML cases ,  in tegrat ion wi th 

fluorescence in situ hybridization (FISH), single 

nucleotide polymorphism (SNP) arrays, and next-

generation sequencing (NGS) significantly 

increases  d iagnos t ic  y ie ld  to  more  than 

90%²¹,²²,²³,²⁴,²⁵. These tools not only improve the 

detection of cryptic rearrangements but also provide 

insights into clonal hierarchies and disease 

evolution. Single-cell genomics has further 

deepened understanding by delineating clonal 

architecture and intratumoral heterogeneity, 

enabling a more precise prediction of treatment 

resistance and relapse²⁶.

Therapeutic advances

The therapeutic landscape has evolved substantially 

in response to these cytogenetic and molecular 

discoveries. In CML, the introduction of TKIs has 

transformed outcomes, with 10-year survival rates 

exceeding 80%, a dramatic shift from the pre-

imatinib era when survival was less than five years³. 

In AML, the addition of the BCL2 inhibitor 

venetoclax to hypomethylating agents has resulted 

in remission rates of 60–70% among elderly or unfit 

patients⁶. In relapsed or refractory ALL, chimeric 

antigen receptor T-cell (CAR-T) therapy targeting 

CD19 has produced durable remissions in 40–50% 

of patients, representing a paradigm shift in 

immunotherapy²⁰. More recently, menin inhibitors 

have demonstrated early efficacy in KMT2A-

rearranged and NPM1-mutated AML, with 

complete remission rates of over 30% in clinical 

trials, highlighting the promise of targeted strategies 

against previously untreatable subgroups²⁷.
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CONCLUSION

Cytogenetic and molecular abnormalities form the 

foundation of understanding hematologic 

malignancies, shaping diagnosis, prognosis, and 

treatment. Advances in molecular diagnostics and 

targeted therapies have greatly improved outcomes, 

yet significant gaps remain, especially in low-

resource settings. To further enhance patient care, 

comprehensive cytogenomic profiling and the 

integration of molecular biomarkers into routine 

clinical decision-making are essential. Expanding 

access to advanced diagnostics and novel therapies 

globally will also be critical to achieving equitable 

improvements in survival and quality of life for 

patients with hematologic cancers.

RECOMMENDATIONS

Based on the study findings, the following 

recommendations are proposed to improve 

diagnosis,  treatment,  and management of 

hematologic malignancies.

1. S t r eng then  Acces s  t o  Molecu la r  and 

Cytogenetic Diagnostics

 National and institutional health systems should 

prioritize the establishment of molecular 

diagnost ic  laboratories  equipped with 

technologies  such as  next -genera t ion 

sequencing (NGS), fluorescence in situ 

hybridization (FISH), and polymerase chain 

reaction (PCR). This will facilitate early and 

accurate classification of hematologic 

malignancies and guide personalized therapy.

2. Promote Routine Molecular Profiling in Clinical 

Practice

 Comprehensive molecular testing, including 

gene mutation and fusion analyses, should be 

integrated into standard diagnostic workflows 

for  leukemia ,  lymphoma,  and re la ted 

malignancies. This will enable risk-adapted 

treatment planning and improve prognostic 

accuracy.

3. Implement Precision Medicine and Targeted 

Therapy Programs

 Health authorities and research institutions 

should adopt precision oncology approaches 

that match patients with appropriate targeted 

agents (e.g., FLT3, IDH, or BCL2 inhibitors). 

Expanded access programs for novel therapies 

should be developed, especially in low- and 

middle-income countries (LMICs).

4. Enhance Training and Capacity Building

 Continuous professional  development 

programs should be instituted for hematologists, 

oncologists,  molecular biologists,  and 

laboratory scientists in the areas of molecular 

diagnostics, bioinformatics, and interpretation 

of genomic data.

5. Establish National and Regional Cancer 

Genomic Databases

 Collaborative genomic data repositories should 

be developed to document cytogenetic and 

molecular alterations in hematologic cancers. 

This will support epidemiological surveillance, 

research, and therapeutic innovation within the 

African context.

6. Encourage Collaborative Research Networks

 I n t e r - i n s t i t u t i o n a l  a n d  i n t e r n a t i o n a l 

collaborations should be strengthened to 

promote knowledge exchange,  shared 

technology platforms, and multicenter clinical 

trials focused on novel molecular targets in 

hematologic malignancies.

7. Ensure Sustainable Funding and Policy Support

 Governments and funding agencies should 

allocate dedicated resources to support cancer 

genomics research, subsidize molecular testing, 

and integrate precision oncology into national 

cancer control policies.

8. Promote Patient Education and Awareness

 Patients should be educated on the importance 

of early diagnosis, genetic testing, and 

adherence to targeted therapies to enhance 

treatment outcomes and reduce relapse rates.

9. Develop Local Production and Access Pathways 

for Targeted Agents

 Pharmaceutical partnerships should be explored 

to promote local manufacturing or subsidized 

importation of high-cost targeted therapies such 

as TKIs, BCL2 inhibitors, and menin inhibitors 

to improve affordability and availability.
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10. Integrate Artificial Intelligence and Digital 

Tools

 The adoption of artificial intelligence (AI) and 

bioinformatics pipelines should be encouraged 

to enhance genomic data analysis, predict 

treatment response, and support clinical 

decision-making in real time.

REFERENCES

1. WHO Classification of Tumours Editorial 

Board. WHO Classification of Tumours: 

Haematolymphoid Tumours. 5th ed. Lyon: 

IARC; 2022.

2. Khoury JD, Solary E, Abla O, Akkari Y, Alaggio 

R, Apperley JF, et al. The 5th edition of the 

World Health Organization classification of 

haematolymphoid tumours: myeloid and 

histiocytic/dendritic neoplasms. Leukemia. 

2022;36(7):1703–1719.

3. Rowley JD. A new consistent chromosomal 

abnormality in chronic myelogenous leukemia 

identified by quinacrine fluorescence and 

G i e m s a  s t a i n i n g .  N a t u r e . 

1973;243(5405):290–293.

4. Papaemmanuil E, Gerstung M, Bullinger L, 

Gaidzik VI, Paschka P, Roberts ND, et al. 

Genomic classification and prognosis in acute 

m y e l o i d  l e u k e m i a .  N  E n g l  J  M e d . 

2016;374(23):2209–2221.

5. Behrens, Y. L., Pietzsch, S., Antić, Ž., Zhang, Y., 

& Bergmann, A. K. (2024). The landscape of 

cytogenetic and molecular genetic methods in 

diagnostics for hematologic neoplasia. Best 

Practice & Research Clinical Haematology, 

3 7 ( 1 ) ,  1 0 1 5 3 9 . 

https://doi.org/10.1016/j.beha.2024.101539

6. DiNardo CD, Pratz K, Pullarkat V, Jonas BA, 

Arellano M, Becker PS, et al. Venetoclax 

combined with decitabine or azacitidine in 

treatment-naive, elderly patients with AML. 

Blood. 2019;133(1):7–17.

7. Daver, N., Wei, A. H., Pollyea, D. A., Fathi, A. 

T., Vyas, P., & DiNardo, C. D. (2020). New 

directions for emerging therapies in acute 

myeloid leukemia: the next chapter. Blood 

C a n c e r  J o u r n a l ,  1 0 ( 1 0 ) . 

https://doi.org/10.1038/s41408-020-00376-1

8. Obu, S. I., Dibigbo–Ibeaji, N., Obu, G. O., & 

Ilikannu, S. O. (2024). Diagnostic Challenges in 

Hematological Malignancies in Nigeria and 

the i r  Impact  on  Trea tment  Outcome. 

International Blood Research & Reviews, 

1 5 ( 4 ) ,  8 – 1 5 . 

https://doi.org/10.9734/ibrr/2024/v15i4345

9. de Thé H, Chen Z. Acute promyelocytic 

leukaemia: novel insights into the mechanisms 

of cure. Nat Rev Cancer. 2010;10(11):775–783.

10. Döhner H, Estey E, Grimwade D, Amadori S, 

Appelbaum FR, Büchner T, et al. Diagnosis and 

management of AML in adults: 2017 ELN 

r e c o m m e n d a t i o n s .  B l o o d . 

2017;129(4):424–447.

11. H a a s e  D .  C y t o g e n e t i c  f e a t u r e s  i n 

myelodysplastic syndromes. Ann Hematol. 

2008;87(7):515–526.

12. Zenz T, Eichhorst B, Busch R, Denzel T, Häbe S, 

Winkler D, et al. TP53 mutation and survival in 

CLL. Blood. 2010;115(22):4350–4357.

13. Mullighan CG, Goorha S, Radtke I, Miller CB, 

Coustan-Smith E, Dalton JD, et al. Genome-

wide analysis of genetic alterations in acute 

l y m p h o b l a s t i c  l e u k a e m i a .  N a t u r e . 

2007;446(7137):758–764.

14. Döhner H, Weisdorf DJ, Bloomfield CD. Acute 

m y e l o i d  l e u k e m i a .  N  E n g l  J  M e d . 

2015;373(12):1136–1152.

15. DiNardo CD, Stein EM, de Botton S, Roboz GJ, 

Altman JK, Mims AS, et al. Durable remissions 

w i t h  i v o s i d e n i b  i n  I D H 1 - m u t a t e d 

relapsed/refractory AML. N Engl J Med. 

2018;378(25):2386–2398.

16. Stone RM, Mandrekar SJ, Sanford BL, 

Laumann K, Geyer S, Bloomfield CD, et al. 

Midostaurin plus chemotherapy for FLT3-

m u t a t e d  A M L .  N  E n g l  J  M e d . 

2017;377(5):454–464.

17. Stein EM, DiNardo CD, Pollyea DA, Fathi AT, 

Roboz GJ, Altman JK, et al. Enasidenib in 

*Ozochukwu OC*, Ibeagha IO, Ufelle S



Pg 292

 

 
    

West J Med & Biomed Sci | Vol. 6  No. 4  |  2025                                         For Reprint Contact: submit.wjmbs@gmail.com.ng    

 

 

  

 

*Ozochukwu OC*, Ibeagha IO, Ufelle S

mutant IDH2 relapsed/refractory AML. Blood. 

2017;130(6):722–731.

18. Ley TJ, Ding L, Walter MJ, McLellan MD, 

Lamprecht T, Larson DE, et al. DNMT3A 

m u t a t i o n s  i n  A M L .  N  E n g l  J  M e d . 

2010;363(25):2424–2433.

19. Ott G, Rosenwald A, Campo E. Understanding 

MYC-driven aggressive B-cell lymphomas: 

pathogenesis and classification. Blood. 

2013;122(24):3884–3891.

20. Maude SL, Laetsch TW, Buechner J, Rives S, 

Boyer M, Bittencourt H, et al. Tisagenlecleucel 

in children and young adults with B-cell ALL. N 

Engl J Med. 2018;378(5):439–448.

21. Heim S, Mitelman F. Cancer Cytogenetics: 

Chromosomal  and Molecular  Genet ic 

Aberrations of Tumor Cells. 4th ed. Hoboken: 

Wiley-Blackwell; 2015.

22. van Dongen JJ, Macintyre EA, Gabert JA, 

Delabesse E, Rossi V, Saglio G, et al. 

Standardized RT-PCR analysis of fusion 

t r a n s c r i p t s  i n  l e u k e m i a .  L e u k e m i a . 

1999;13(12):1901–1928.

23. Hughes TP, Ross DM. Moving treatment-free 

remission into mainstream clinical practice in 

CML. Blood. 2016;128(1):17–23.

24. Raza A, Galili N. The genetic basis of 

myelodysplastic syndromes. Semin Oncol. 

2011;38(5):613–620.

25. Papaemmanuil E, et al. Clinical application of 

genomic profiling in AML. Nat Rev Clin Oncol. 

2016;13(6):341–355.

26. Nam AS, Chaligne R, Landau DA. Integrating 

genetic and non-genetic determinants of cancer 

evolution by single-cell multi-omics. Nat Rev 

Genet. 2021;22(1):3–18.

27. Schurer A, Glushakow-Smith SG, Gritsman K. 

Targeting chromatin modifying complexes in 

acute myeloid leukemia. Stem Cells Transl Med. 

2 0 2 5  F e b  1 1 ; 1 4 ( 2 ) : s z a e 0 8 9 .  d o i : 

10.1093/stcltm/szae089. PMID: 39607901; 

PMCID: PMC11878770.

28. Fundytus A, Sengar M, Lombe D, Hopman W, 

Jalink M, Gyawali B, Trapani D, Roitberg F, De 

Vries EGE, Moja L, Ilbawi A, Sullivan R, Booth 

CM. Access to cancer medicines deemed 

essential by oncologists in 82 countries: an 

international, cross-sectional survey. Lancet 

Oncol. 2021 Oct;22(10):1367-1377. doi: 

10.1016/S1470-2045(21)00463-0. Epub 2021 

S e p  2 1 .  P M I D :  3 4 5 6 0 0 0 6 ;  P M C I D : 

PMC8476341.

29. Akter, T., Ghosh, K. P., Rabbi, A., Rahman, M. 

M., Rume, M. J. (2024). A Machine Learning 

Approach to Predict Blood Cancer from 

Patients' Symptoms and Blood Images. 

Research  Square  (Research  Square) . 

https://doi.org/10.21203/rs.3.rs-4809690/v1


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

