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ABSTRACT
Acute Myeloid Leukaemia (AML) is a fast-growing hematologic malignancy that is distinguished by the clonal proliferation of myeloid

progenitors in bone marrow. Recent advances in molecular biology and genomic technology have altered the landscape of AML diagnosis and therapy,
resulting in more tailored and successful therapeutic approaches. This study reviews recent innovations in the diagnosis and treatment of AML, focusing
on genomic profiling, next-generation sequencing (NGS), and novel targeted therapies. Data was collected from recent clinical trials, peer-reviewed
journals, and case studies. Comparative analysis was conducted to evaluate the efficacy of emerging diagnostic tools and treatments. NGS and MRD
monitoring have greatly improved diagnosis accuracy and therapy customization. Targeted medicines have enhanced remission rates and decreased
recurrence rates in individuals with certain genetic alterations. Immunotherapies have showed long-term efficacy and controllable safety profiles.
Combining modern diagnostic technologies with customized medicines ushers in a new era of AML care, enhancing prognosis and quality of life.
Ongoing research and clinical trials are critical for improving these therapies and expanding their advantages to a larger patient group.

Acute Myeloid Leukaemia

(AML) is a fast-growing Recent advances in molecular biology
haematologic malignancy and genomic technology have altered
characterised by the clonal the landscape of AML diagnosis and

proliferation of myeloid therapy, resulting in more tailored and

progenitors in bone marrow. successful therapeutic approaches

Next-generation sequencing (NGS) has
transformed the diagnostic approach to AML by
allowing for detailed genomic profiling of
leukemic cells.

Cutting-edge advancements in molecular biology,
genetics, and targeted drugs have significantly
transformed the landscape of AML diagnosis and
therapy.
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INTRODUCTION

Acute Myeloid Leukaemia (AML) is a broad collection of
hematologic malignancies with various genetic and molecular
abnormalities. AML has long presented major diagnostic and therapy
hurdles because to its fast development and complexity. However,
recent technology developments have heralded a new age of precision
medicine, with enhanced diagnostic accuracy and unique therapy
alternatives. This review looks at the most recent advances in AML
diagnosis and therapy, emphasizing their influence on clinical
outcomes and future prospects in AML research.

Acute Myeloid Leukemia (AML) is a kind of malignancy
that begins in the bone marrow and affects both blood and bone
marrow cells. It is distinguished by the fast proliferation of aberrant
white blood cells in the bone marrow, which interferes with the
formation of normal blood cells. AML is the most prevalent acute
leukemia in adults but rare in youngsters. This literature review
examines many aspects of AML, including as epidemiology,
pathogenesis, clinical presentation, diagnostic tools, therapy choices,

and new research advances.
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Pathophysiology
AML is caused by genetic abnormalities in hematopoietic
stem cells, which result in uncontrolled proliferation and poor myeloid
differentiation. The buildup of immature cells, known as blasts, in the
bone marrow and peripheral circulation causes bone marrow failure.
FLT3, NPM1, DNMT3A, and CEBPA are among the key genetic
alterations associated with AML. The discovery of these mutations has
been critical to understanding the illness and creating targeted
therapeutics.

Clinical Presentation
Patients with AML may have nonspecific symptoms such as

tiredness, fever, weight loss, and night sweats. Common symptoms
include anaemia, thrombocytopenia (low platelet count),

neutropenia (low white blood cell count), which can cause pallor,
bleeding, and an increased susceptibility to infections. A physical
examination may indicate hepatosplenomegaly (enlarged liver and

spleen) and lymphadenopathy (swollen lymph nodes).

Figure 1: Pathogenesis of Acute Myeloid Leukemia
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Innovations in diagnosis
Next Generation Sequencing (NGS) and Genetic Profiling
Next-generation sequencing (NGS) has transformed the

diagnostic approach to AML by allowing for detailed genomic
profiling of leukemic cells. This method makes it easier to identify
recurring genetic variants such FLT3, NPM1, and IDH1/2, which are
important for risk assessment and tailored treatment planning - The
capacity to identify several mutations at the same time provides for a
more in-depth understanding of the disease's genetic landscape, which
informs therapy options and prognosis.

Minimum Residual Disease (MRD) Monitoring
MRD refers to the tiny number of leukemic cells that remain

in the patient after therapy and may lead to recurrence. NGS has
increased MRD detection sensitivity, enabling for the molecular

Acute myelogenous leukaemia arises when a bone marrow
cell's genetic material, or DNA, alters (mutates). A cell's DNA
includes instructions that teach it what to do. Normally, the
DNA instructs the cell to develop at a certain rate and to die
at a specific period. In acute myelogenous leukaemia,
mutations instruct bone marrow cells to continue growing

and dividing. @

Recent advancements in the diagnosis and treatment of acute
myeloid leukaemia (AML) have fundamentally transformed the
patient care landscape, bringing new hope for better outcomes.

Innovations in diagnostic techniques, particularly the use of next-

generation sequencing (NGS), have considerably increased AML
detection accuracy.

diagnosis of residual illness 21, (Early identification of MRD is crucial

for evaluating treatment response, predicting recurrence, and making

informed decisions regarding future therapeutic measures.

Flow cytometry and Immunophenotyping
Flow cytometry has been a key tool in AML diagnosis,

allowing the discovery of particular cell surface markers that
distinguish  leukemic  cells.  Advanced Immunophenotyping
approaches improve diagnosis accuracy by differentiating AML
subtypes and measuring MRD 4l The combination of flow cytometry
and genetic data improves risk categorization and treatment planning.

Digital pathology and artificial intelligence (Al).
Digital pathology, along with Al, has considerably increased

the efficiency and accuracy of AML detection. Al algorithms examine
histopathological pictures to identify morphological traits and patterns
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that are suggestive of AML, assisting pathologists in establishing

accurate diagnosis > € These technologies enable remote
consultations and second opinions, which improve diagnostic skills in
a variety of healthcare contexts.
Epidemiology

AML incidence rises with age, with a median age of
diagnosis of around 68 years. According to studies, incidence rates
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vary across the world and are impacted by genetic, environmental, and

occupational variables. According to the American Cancer Society,
AML affects around 4.3 per 100,000 people in the United States each
year. Radiation exposure, certain chemicals such as benzene, smoking,
and a history of other blood illnesses or genetic abnormalities all
increase the risk of developing AML.

Figure 2: Epidemiology of Acute Myeloid Leukemia
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Innovations in treatment
Targeted therapies
The discovery of particular genetic abnormalities in AML

has resulted in the development of tailored treatments that block
aberrant signaling pathways. FLT3 inhibitors like midostaurin and
gilteritinib have shown remarkable effectiveness in patients with
FLT3-mutated AML, boosting survival rates [l Similarly, IDH
inhibitors such as ivosidenib and enasidenib target IDH1 and IDH2
mutations, respectively, providing novel therapy choices for
individuals with these particular genetic changes [}

Immunotherapy and antibody-drug conjugates (ADCs)
Immunotherapeutic techniques have emerged as viable

therapy options for AML. Monoclonal antibodies, such gemtuzumab
ozogamicin, target particular antigens on AML cells and deliver
cytotoxic chemicals specifically to the cancer cells, reducing systemic
toxicity 1 Furthermore, checkpoint inhibitors attempt to improve the
immune system's ability to identify and destroy AML cells, and have
shown promise in early-stage clinical studies °}

CAR T cell Therapy
Chimeric antigen receptor T-cell (CAR-T) therapy is a

breakthrough method to AML treatment. This tailored treatment
entails genetically modifying a patient's T-cells to express receptors
for AML-specific antigens, leading the immune system to attack
cancer cells 3. Although still in the experimental stage, CAR-T cell
therapy has demonstrated encouraging outcomes in early-phase
clinical studies and is being intensively researched for broader
applicability in AML.

GLOBOCAN estimated the global
total leukaemia incidence of AML in
2012 to be 351,965, with a 5-year
prevalence of 1.5% and a M:F ratio of
1.4.The incidence rate of AML in India
is 3-5 incidences per lac.

AML accounts for around 15%-20% of
acute leukaemia in children and
adolescents, and 80% in adults. The
incidence of AML quickly increases
beyond the age of 60, with the median
age at diagnosis being 67 years.

Since many AML cases exhibit no aberration on karyotyping,
molecular characterisation of CN-AML has emerged as a
crucial diagnostic tool for AML patient care. In these kinds of
clinical settings, molecular prognostic biomarkers aid in more
effectively redefining risk categorisation, encompassing
targeted treatments.

Epigenetic Modifiers and Hypo ethylating Agents
Epigenetic modifications play a crucial role in the

pathogenesis of AML. Hypo ethylating agents such as azacitidine and
decitabine have been shown too effective in older patients with AML
who are not candidates for intensive chemotherapy 4. These agents
induce  DNA hypo methylation, reactivating silenced tumour
suppressor genes and promoting apoptosis of leukemic cells.

Combination Therapies and Personalized Medicine
The integration of genomic data into clinical practice has

facilitated the development of personalized medicine approaches,
combining targeted therapies, immunotherapies, and conventional
chemotherapies based on individual patient profiles.*3This approach
aims to maximize therapeutic efficacy while minimizing adverse
effects, ultimately improving patient outcomes.

Future Directions and Conclusion
The future of AML research and treatment continues to

evolve rapidly, driven by ongoing advancements in technology and
molecular biology. Precision medicine, Al-driven diagnostics, and
innovative therapeutic approaches hold promise for further improving
outcomes and quality of life for AML patients. Continued investment
in research and clinical trials will be essential to translate these
innovations into widespread clinical practice.

METHOD, RESULTS & DISCUSSION
Recent advances in the diagnosis and treatment of acute

myeloid leukaemia (AML) have profoundly altered the landscape of
patient care, providing fresh hope for better results. Innovations in
diagnostic approaches, notably the use of next-generation sequencing
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(NGS), have significantly improved AML diagnosis precision. NGS

has enabled the discovery of previously undetected genetic mutations
and epigenetic alterations, resulting in more accurate illness
categorisation and personalised treatment methods. The use of these
new genetic tools has also aided in the creation of tailored medicines
for specific molecular defects, altering the therapeutic strategy. In
terms of therapy, new drugs, such as FLT3 inhibitors, IDH inhibitors,
and BCL-2 antagonists, have shown significant effectiveness in
clinical studies. These targeted medicines, together with advances in
immunotherapy such as CAR-T cell therapy and monoclonal
antibodies, constitute a paradigm change in AML treatment, taking it
beyond traditional chemotherapy. CAR-T cell therapy, in particular,
has demonstrated encouraging outcomes in refractory or relapsed
AML patients, indicating its potential as a breakthrough therapeutic
method.

Furthermore, the incorporation of liquid biopsies into
standard clinical practice has given a non-invasive way for tracking
disease progression and response to medication. This technique has the
benefit of real-time molecular change evaluation, allowing for more
dynamic and rapid therapy modifications.

Continued study into the causes of treatment resistance and
recurrence in AML is critical for overcoming present therapeutic
limits. Understanding these pathways has resulted in the creation of
combination medicines aimed at increasing effectiveness and reducing
resistance. Despite these advances, difficulties remain, such as the
need for more biomarker refinement for more exact patient
categorisation and the high cost of some of these cutting-edge
medicines.

The area of AML is making tremendous progress because to
technical and therapeutic advances. The combination of new
diagnostic technologies, targeted and immunotherapies, and novel
monitoring approaches shows promise for improving patient outcomes
and tackling some of the most urgent difficulties in AML therapy.
Continued research and clinical trials will be critical in bringing these
advancements into general clinical practice and ensuring that they
benefit a larger patient group.

CONCLUSION
Cutting-edge advances in molecular biology, genetics, and

targeted medicines have dramatically changed the landscape of AML
diagnosis and therapy. These advances have not only improved our
capacity to identify AML more correctly, ™2 but also offer more
effective and personalised treatment choices, offering fresh hope to
patients confronting this tough disease.
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