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Introduction
Leukemia is a type of cancer that originates in the bone marrow 

and affects the blood-forming tissues, primarily involving white blood 
cells. It is characterized by the uncontrolled proliferation of abnormal 
blood cells, which interfere with normal blood cell production and 
function [1]. Early and accurate diagnosis of leukemia is crucial for 
effective treatment and improved patient outcomes. The diagnostic 
process involves a combination of clinical evaluation, laboratory tests, 
imaging studies, and advanced molecular techniques to identify the 
type and severity of leukemia [2].

Over the years, advancements in diagnostic technologies have 
significantly improved the accuracy and speed of leukemia detection. 
From traditional blood tests and bone marrow biopsies to cutting-
edge genetic and immunophenotyping analyses, the field of leukemia 
diagnosis continues to evolve, offering better prognostic insights 
and personalized treatment strategies [3,4]. This article delves into 
the various diagnostic methods, challenges associated with leukemia 
detection, and the latest advancements in the field.

Signs and symptoms leading to diagnosis

The early symptoms of leukemia can often be nonspecific, making 
diagnosis challenging. Common signs that may prompt further 
investigation include:

Fatigue and Weakness - Due to anemia resulting from the 
suppression of red blood cell production.

Frequent Infections - Caused by an impaired immune response 
due to abnormal white blood cells.

Easy Bruising and Bleeding - Resulting from a reduction in platelet 
production.

Fever and Night Sweats - Often associated with an underlying 
malignancy.

Swollen Lymph Nodes and Enlarged Spleen or Liver – Occurring 
due to the accumulation of abnormal cells.

Unexplained Weight Loss - Common in many types of cancers, 
including leukemia.

If a patient presents with these symptoms, further diagnostic tests 
are warranted to confirm or rule out leukemia.

Diagnostic methods for leukemia

A CBC test is the first and most basic diagnostic tool used when 
leukemia is suspected. This test measures:

•	 White blood cell (WBC) count

•	 Red blood cell (RBC) count

•	 Platelet count

•	 Hemoglobin levels

Abnormal results, such as extremely high or low WBC counts, 
anemia, or thrombocytopenia, may suggest leukemia. A peripheral 
blood smear further examines blood cell morphology under a 
microscope to identify abnormal or immature cells, such as blasts 
(immature white blood cells), which are indicative of leukemia.

Bone marrow aspiration and biopsy

If blood test results suggest leukemia, a bone marrow aspiration and 
biopsy is performed to confirm the diagnosis. This procedure involves 
extracting a sample of bone marrow, usually from the hip bone, and 
analyzing it under a microscope. It helps determine:

•	 The presence and percentage of leukemic blasts in the bone 
marrow.

•	 The type of leukemia (acute or chronic, lymphocytic or 
myeloid).

•	 The overall function and health of the bone marrow.

Flow cytometry is a powerful tool used to analyze the types and 
characteristics of blood and bone marrow cells. This technique helps 
in immunophenotyping, which determines the surface markers on 
leukemia cells using fluorescently labeled antibodies. It is particularly 
useful in distinguishing different subtypes of leukemia, such as:

•	 Acute lymphoblastic leukemia (ALL)

•	 Acute myeloid leukemia (AML)

•	 Chronic lymphocytic leukemia (CLL)

•	 Chronic myeloid leukemia (CML)

Leukemia is often associated with genetic abnormalities. 
Cytogenetic analysis examines the chromosomes of leukemia cells 
for changes such as translocations, deletions, or duplications. A well-
known example is the Philadelphia chromosome (t[9;22]), which is 
commonly found in CML [5].

Fluorescence in Situ Hybridization (FISH) is a more advanced 
technique that uses fluorescent probes to detect specific genetic 
abnormalities in leukemia cells. FISH is particularly helpful in 
identifying chromosomal rearrangements and guiding targeted therapy 
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decisions [6].

PCR is a molecular technique that amplifies specific DNA sequences 
to detect minimal residual disease (MRD) or genetic mutations linked 
to leukemia. It is highly sensitive and helps identify small amounts of 
leukemia cells that may not be visible under a microscope.

Next-Generation Sequencing (NGS) is a cutting-edge technology 
that enables comprehensive genetic profiling of leukemia cells. It helps 
in identifying specific mutations such as:

•	 FLT3, NPM1 mutations in AML

•	 TP53 mutations in CLL

•	 BCR-ABL fusion in CML

NGS plays a critical role in personalized medicine, guiding the 
selection of targeted therapies based on the genetic landscape of 
leukemia.

Imaging studies

While leukemia primarily affects the blood and bone marrow, 
imaging studies may be used to assess disease complications or 
extramedullary involvement. These include:

X-rays – To check for bone abnormalities.

CT scans and MRI – To detect leukemia spread to lymph nodes, 
liver, or spleen.

PET scans – Occasionally used to identify sites of active disease.

Challenges in leukemia diagnosis

Despite advancements, diagnosing leukemia presents several 
challenges:

Overlapping Symptoms with Other Conditions – Early symptoms 
of leukemia are similar to infections, anemia, or autoimmune disorders, 
leading to potential delays in diagnosis.

Heterogeneity of Leukemia – Different subtypes require distinct 
diagnostic approaches, making classification complex.

Minimal Residual Disease (MRD) Detection – Even after 
treatment, tiny amounts of leukemia cells may remain undetectable 
with conventional tests. Advanced molecular techniques like PCR and 
flow cytometry are crucial in detecting MRD.

Availability of Advanced Tests – Genetic and molecular tests are 
expensive and not widely available in all healthcare settings, especially 
in developing countries.

Recent advances in leukemia diagnosis

Liquid biopsy is an emerging, non-invasive technique that detects 

leukemia-related genetic mutations in blood samples. It provides real-
time monitoring of disease progression and response to treatment.

AI-powered algorithms are being developed to analyze large 
datasets from blood tests, bone marrow slides, and genetic reports. 
These tools enhance diagnostic accuracy and help in predicting 
treatment outcomes [8].

Single-cell sequencing provides detailed insights into the genetic 
heterogeneity of leukemia at an individual cell level, improving 
precision medicine approaches.

Novel biosensors are being designed to detect leukemia biomarkers 
in blood samples rapidly. These point-of-care devices could 
revolutionize early detection, particularly in resource-limited settings.

Conclusion

The diagnosis of leukemia has significantly advanced over the 
years, incorporating a combination of conventional and cutting-edge 
techniques. Early detection is critical in improving survival rates and 
tailoring effective treatment strategies. Despite challenges, technological 
innovations such as liquid biopsy, AI-based analysis, and single-cell 
sequencing hold promise for more accurate and personalized leukemia 
diagnosis in the future.

With ongoing research and the integration of advanced diagnostic 
tools, the future of leukemia diagnosis is moving toward faster, more 
precise, and minimally invasive approaches, ultimately improving 
patient care and treatment outcomes.
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