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Introduction and Context:

Leukemia is a type of neoplasm that starts in the bone marrow, where blood cells are
made, which leads to uncontrolled growth of abnormal white blood cells that interfere
with normal blood cell production. As these abnormal cells accumulate, they impair
oxygen transport, increase susceptibility to infections and reduce the body’s ability to
control bleeding. Unlike other cancers, leukemia doesn’t generally form a mass that
show up in imaging tests, such as X-Rays and CT scans.

Proliferations of white cells, typically lymphocytes, that usually present as discrete
tissue masses are called lymphomas. Originally, both these terms were considered
separate medical entities but with increased understanding with time, these divisions
have blurred. Many entities called “lymphomas” occasionally have leukemic
presentations and evolution to “leukemia” sometimes arise as soft tissue masses
without detectable bone marrow disease. Hence the terms leukemia and lymphoma
merely reflect the usual tissue distribution of each disease at presentation.

Leukemia is biologically distinct from solid tumours in several fundamental ways. Unlike
solid cancers that originate as localized masses within specific organs, leukemia arises
from hematopoietic stem or progenitor cells in the bone marrow and is inherently
systemic from the outset. Malignant cells in leukemia circulate freely in the blood and
infiltrate multiple organs, including the liver, spleen and lymph nodes, rather than
forming a confined tumour mass. This diffuse nature eliminates the possibility of early
detection through conventional imaging and makes surgical intervention ineffective,
placing greater reliance on systemic therapies such as chemotherapy, targeted therapy
and bone marrow transplantation. Furthermore, leukemia demonstrates unique
molecular and genetic abnormalities, such as chromosomal translocations (e.g., the
Philadelphia chromosome), which play a central role in its pathogenesis and
classification.

The global disease burden of leukemia remains significant and continues to evolve. It
accounts for a substantial proportion of cancer incidence worldwide, particularly
affecting both paediatric and adult populations. Acute lymphoblastic leukemia (ALL) is
the most common cancer in children, whereas chronic leukemias are more prevalentin
older adults. According to global cancer statistics, leukemia contributes notably to
cancer-related morbidity and mortality, with higher fatality rates in low and middle
income countries due to delayed diagnosis, limited access to advanced therapies and
inadequate healthcare infrastructure. Environmental factors such as radiation
exposure, chemical carcinogens (e.g., benzene) and genetic predispositions further
contribute to its incidence. Despite advances in treatment that have significantly
improved survival rates in developed regions, disparities in outcomes persist globally.
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Understanding leukemia matters more than ever now, since its biology is unusually
complex and the treatment options are changing faster than most diseases. Research
into leukemia has been at the forefront of precision medicine, leading to the
development of targeted therapies such as tyrosine kinase inhibitors, which have
transformed previously fatal diseases into manageable chronic conditions. Studying
leukemia also provides broader insights into cancer biology, stem cell behaviour, genetic
mutations and mechanisms of drug resistance. In addition, leukemia serves as a model
for understanding minimal residual disease and the role of the immune system in cancer
control, which has paved the way for innovations like immunotherapy and CAR-T cell
therapy.

Biological Foundation:

Hematopoiesis is a tightly regulated, hierarchical process in which multipotent
hematopoietic stem cells (HSCs) in the bone marrow give rise to all blood cell lineages
through progressive differentiation. Under normal conditions, this system maintains a
balance between self-renewal and differentiation, ensuring a steady supply of functional
erythrocytes, leukocytes and platelets. In leukemia, this balance is disrupted at the
level of the stem or progenitor cell, where genetic or epigenetic alterations
reprogram the cell toward uncontrolled proliferation while impairing its ability to
differentiate. The result is not just overproduction, but accumulation of immature,
dysfunctional cells that occupy biological “space” without contributing to physiological
function.

The concept of clonal expansion is central to understanding leukemia mechanistically.
A single mutated progenitor cell acquires a survival or proliferative advantage, often
through activation of oncogenes or loss of tumour suppressor function and begins to



expand disproportionately compared to normal hematopoietic cells. This clone is
not static; it evolves. Subclones emerge with additional mutations, creating a
heterogeneous population with variable growth rates, drug sensitivities and invasive
potential.
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Bone marrow failure runs deeper than simple overcrowding. Leukemic cells alter the
bone marrow microenvironment by secreting cytokines and growth factors that suppress
normal hematopoiesis. They disrupt stromal support, interfere with niche signalling and
induce apoptosis in healthy progenitor cells. Additionally, metabolic competition for
nutrients and oxygen further disadvantages normal cells. The net effect is ineffective
hematopoiesis, manifesting clinically as anaemia, neutropenia and thrombocytopenia
despite a hypercellular marrow.

The distinction between acute and chronic leukemia reflects differences in both cellular
differentiation state and growth processes. Acute leukemias arise from early progenitor
cells that are arrested at an immature stage, leading to rapid accumulation of blasts
with minimal functional capacity. This results in aggressive disease with quick onset of
symptoms due to abrupt marrow failure. In contrast, chronic leukemias involve cells
that retain partial differentiation and functional characteristics, allowing for slower
accumulation and a more indolent clinical course. However, chronic forms are not
benign; they often undergo transformation into more aggressive, blast-phase diseases
as additional mutations accumulate.

At the molecular level, specific genetic alterations drive leukemogenesis by hijacking
normal signaling pathways. The BCR-ABL fusion gene, resulting from a chromosomal



translocation, produces a constitutively active tyrosine kinase that continuously
signals for proliferation and survival independent of external growth signals. FLT3
mutations, commonly seen in acute myeloid leukemia, lead to persistent activation of
receptor signaling pathways, enhancing cell division and inhibiting apoptosis. In
contrast, TP53 mutations impair the cell’s ability to detect DNA damage and initiate
repair or apoptosis, allowing genetically unstable cells to survive and propagate.
These mutations rarely act alone, they feed into each other and that’s part of what makes
leukemia so difficult to fully shut down.

Classification Framework:

Leukemia is broadly classified into four main types: acute lymphoblastic leukemia (ALL),
acute myeloid leukemia (AML), chronic lymphocytic leukemia (CLL) and chronic myeloid
leukemia (CML). The acute vs chronic distinction reflects how fast the disease
progresses, while lymphoid vs myeloid indicates which cell lineage is affected. ALL is
most common in children, while CLL predominantly affects older adults. This
classification directly determines treatment approach and prognosis.
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Risk Factors and Etiology:

No single cause explains why someone develops leukemia. It’s usually a combination of
genetic vulnerability and environmental exposure that tips the balance.

Genetic predisposition significantly modifies baseline risk, often by impairing DNA
repair mechanisms or genomic stability. Individuals with inherited conditions such as
Down syndrome exhibit a markedly elevated risk (approximately 10-20 times higher) for
developing acute leukemias, particularly acute lymphoblastic leukemia (ALL) and acute
megakaryoblastic leukemia. Similarly, syndromes like Li-Fraumeni (associated with
TP53 mutations) and Fanconi anaemia confer increased susceptibility due to defective
tumor suppression and impaired DNA repair pathways. These conditions create a
cellular environment where mutations accumulate more readily.

lonizing radiation is one of the most well-established environmental risk factors for
leukemia. Evidence from atomic bomb survivors demonstrates a dose-dependent
increase in leukemia incidence, with relative risks ranging from approximately 2 to over
10 depending on exposure intensity and age at exposure. The risk is particularly high for
acute leukemias, with a latency period typically spanning 5-7 years. Radiation induces
double-strand DNA breaks, chromosomal translocations and genomic instability,
directly contributing to leukemogenic mutations such as fusion oncogenes.

Exposure to benzene and related industrial chemicals is another critical etiological
factor. Benzene, widely used in manufacturing and present in pollutants like cigarette
smoke, has been strongly linked to acute myeloid leukemia (AML). Chronic exposure can
increase leukemia risk by approximately 2-5 times. Mechanistically, benzene
metabolites interfere with bone marrow stromal cells, generate oxidative stress and
induce DNA damage in hematopoietic stem cells. This results in both direct
mutagenesis and suppression of normal hematopoiesis, creating conditions favourable
for clonal expansion of malignant cells.

Certain viral infections have also been implicated in leukemogenesis, although their
contribution is more specific and less widespread. Human T-cell leukemia virus type 1
(HTLV-1) is causally associated with adult T-cell leukemia/lymphoma, with infected
individuals having an estimated lifetime risk of 2-5% of developing the disease. The virus
integrates into the host genome and promotes uncontrolled T-cell proliferation
through viral oncogenes, disrupting normal cell cycle regulation and apoptosis.

Secondary leukemias, particularly therapy-related acute myeloid leukemia (t-AML), arise
as a consequence of prior chemotherapy or radiation therapy used to treat other
malignancies. Alkylating agents and topoisomerase Il inhibitors are most commonly
implicated. The relative risk varies depending on the treatment regimen but can be
increased by 5-10 times compared to the general population. These leukemias often
develop after a latency period of several years and are frequently associated with
complex cytogenetic abnormalities, including deletions of chromosomes 5 and 7 or
rearrangements involving the MLL gene. Clinically, therapy-related leukemias tend to



be more aggressive and less responsive to treatment, reflecting the cumulative genetic
damage induced by prior cytotoxic exposure.

Global Epidemiology

Estimated age-standardized incidence of leukemia, 2012
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The global epidemiology of leukemia over the past 10-20 years demonstrates a
consistent increase in absolute case numbers alongside a gradual decline in age-
standardized rates. Worldwide, annual incidence has risen from approximately 400,000
cases in the early 2000s to over 600,000 cases in recent estimates. This rise is largely
attributable to population growth and aging rather than a true increase in individual
risk. When adjusted for age, incidence rates have decreased by roughly 10-20%,
suggesting modest improvements in environmental exposure control, early detection
and healthcare access.

Mortality trends show a more pronounced improvement. Age-standardized death rates
from leukemia have declined by approximately 25-30% over the same period, reflecting
significant advances in treatment, including combination chemotherapy, targeted
therapies such as tyrosine kinase inhibitors and enhanced supportive care. Despite this
progress, leukemia continues to account for over 300,000 deaths annually worldwide.
Mortality remains disproportionately higher in low and middle income countries due to
delayed diagnosis, limited availability of advanced therapies and inadequate healthcare
infrastructure.



The age distribution of leukemia follows a distinct bimodal pattern. Acute lymphoblastic
leukemia (ALL) peaks in early childhood, particularly under the age of 5 years, making it
the most common malignancy in children. In contrast, acute myeloid leukemia (AML)
and chronic leukemias show a progressive increase in incidence with age, with the
highestburden observed inindividuals over 60 years. Overall, the majority of leukemia
cases occur in older adults, reflecting cumulative genetic damage, prolonged
environmental exposure and age-related decline in immune surveillance.

Gender distribution consistently shows a male predominance across most leukemia
subtypes and geographic regions. Approximately 55-57% of cases occur in males, with
both incidence and mortality rates higher compared to females. This disparity is likely
multifactorial, involving greater occupational and environmental exposures (such as
chemicals and smoking), hormonal influences and potential genetic susceptibility
differences.

Indian Epidemiology

The epidemiology of leukemia in India reflects both global patterns and region-specific
disparities shaped by healthcare access, environmental exposure and demographic
diversity. Data from the National Cancer Registry Programme (NCRP) under the Indian
Council of Medical Research (ICMR) indicate that leukemia constitutes approximately 2-
3% of all cancers in India, with higher relative proportions in paediatric populations.
Population-Based Cancer Registries (PBCRs) report age-adjusted incidence rates
ranging roughly from 4 to 8 per 100,000 population, with variation across regions. Acute
lymphoblastic leukemia (ALL) remains the most common childhood cancer, while
acute myeloid leukemia (AML) and chronic leukemias are more prevalent in adults.

State-wise variation is significant and reflects both true epidemiological differences and
disparities in reporting infrastructure. Higher incidence rates are observed in urban
registries such as Delhi, Mumbai and Bengaluru, whereas lower rates are reported in
rural or less-developed regions. This does not necessarily indicate lower disease
occurrence but often underdiagnosis and underreporting due to limited diagnostic
facilities. North-eastern states have shown relatively higher cancer burdens overall,
potentially linked to environmental and lifestyle factors, while some central and rural
regions report lower recorded incidence due to gaps in surveillance systems.

Urban-rural trends further highlight inequities in leukemia detection and management.
Urban populations demonstrate higher reported incidence, likely due to better access to
diagnostic tools such as bone marrow examination, flow cytometry and molecular
testing. In contrast, rural areas often face delayed diagnhosis, misclassification of



disease and limited access to specialized oncology care. Environmental exposures
also differ; urban populations may have higher exposure to industrial pollutants, while
rural populations may encounter agricultural chemicals such as pesticides, both
contributing differently to risk profiles.

Survival disparities in India remain pronounced. While developed centres in
metropolitan cities report survival rates approaching global standards, particularly for
childhood ALL, where cure rates can exceed 70-80%, outcomes in many parts of the
country remain significantly poorer. Factors contributing to reduced survival include
late-stage presentation, financial constraints, treatment abandonment, inadequate
supportive care and limited availability of advanced therapies such as targeted
agents and hematopoietic stem cell transplantation. Additionally, infection-related
complications and poor nutritional status further worsen prognosis in resource-limited
settings.

The picture in India is one of uneven progress, world-class care exists, but only for those
who can reach it. While diagnostic and therapeutic capabilities exist in select centres,
uneven distribution of healthcare resources, socioeconomic barriers and infrastructural
limitations continue to shape disease burden and outcomes across the country.

Mortality and Survival Trends

Mortality and survival trends in leukemia have undergone a significant shift over the past
few decades, largely driven by advances in diagnostics, risk stratification and targeted
therapies. The 5-year survival rate varies widely depending on leukemia subtype, patient
age and access to treatment. In high-income settings, childhood acute lymphoblastic
leukemia (ALL) now demonstrates 5-year survival rates exceeding 85-90%, representing
one of the most successful outcomes in oncology. In contrast, adult acute myeloid
leukemia (AML) shows more modest survival, typically ranging from 25-40%, reflecting
its more aggressive biology and higher relapse rates. Chronic leukemias, particularly
chronic myeloid leukemia (CML), have seen dramatic improvements, with 5-year survival
exceeding 70-80% due to the introduction of targeted therapies such as tyrosine kinase
inhibitors.

A stark contrast exists between developed and developing countries. High income
nations benefit from early diagnosis, advanced molecular testing, standardized
treatment protocols and strong supportive care systems, all of which contribute to higher
survival rates. In low and middle income countries, including many parts of India, 5-
year survival rates remain significantly lower, often reduced by 20-40% depending
on the subtype. For example, while childhood ALL survival may approach 80-90% in
developed countries, it often ranges between 50-70% in resource-limited settings.



Contributing factors include delayed diagnosis, treatment abandonment, financial
barriers, limited access to advanced therapies and higher rates of treatment-related
complications such as infections.

Over the past 30-40 years, leukemia survival has improved markedly across nearly all
subtypes. In the 1970s and 1980s, many forms of leukemia were rapidly fatal, with
limited therapeutic options and poor long-term outcomes. The introduction of
combination chemotherapy protocols significantly improved remission rates, followed
by the development of hematopoietic stem cell transplantation for high-risk or relapsed
cases. The most transformative progress, however, has come from molecularly
targeted therapies. The discovery of disease-specific genetic abnormalities enabled the
development of precision treatments, such as tyrosine kinase inhibitors for chronic
myeloid leukemia, which have effectively converted a once-fatal disease into a
manageable chronic condition for many patients.

Despite these advances, improvements in survival are not uniform across all
populations. Gains have been more substantial in younger patients compared to the
elderly, who often have comorbidities and reduced tolerance to intensive therapy.
Additionally, disparities between regions persist, with survival outcomes closely tied
to healthcare infrastructure and socioeconomic status. Thus, while global trends
indicate clear progress in reducing mortality and improving long-term survival, for a 70-
year-old AML patient in rural Odisha, the survival statistics look nothing like the ones
published in American oncology journals.

Diagnostic Landscape

The diagnostic approach to leukemia is multi-layered, moving from broad screening to
precise molecular characterization.

Complete Blood Count (CBC):

This is the first-line investigation and often the earliest indicator of leukemia. It may show
leukocytosis or leukopenia, anaemia and thrombocytopenia. Peripheral smear
examination provides additional clues such as the presence of blasts or abnormal white
cell morphology. However, CBC is suggestive, not definitive.



Bone Marrow Biopsy and Aspiration:

This is the diagnostic cornerstone. It confirms leukemia by demonstrating marrow
infiltration with malignant cells. It also allows assessment of cellularity, blast percentage
(critical for distinguishing acute vs chronic leukemias) and morphological classification.
Without bone marrow evaluation, definitive diagnosis is not possible.

Flow Cytometry (Immunophenotyping):

Flow cytometry identifies cell surface and cytoplasmic markers (CD markers), enabling
precise lineage classification (myeloid vs lymphoid) and subtype differentiation. It is
essential for diagnosing ambiguous cases and for detecting minimal residual disease
(MRD), which has prognostic significance.

Cytogenetics:

Karyotyping and fluorescence in situ hybridization (FISH) detect chromosomal
abnormalities such as translocations, deletions and duplications. These abnormalities
are not just diagnostic but prognostic, for example, certain translocations are associated
with favourable or poor outcomes. Cytogenetics bridges morphology and molecular
biology.

Molecular Profiling:

This represents the highest level of diagnostic precision. Techniques such as PCR and
next-generation sequencing identify specific gene mutations (e.g., BCR-ABL, FLT3,
TP53). These mutations guide targeted therapy, risk stratification and disease
monitoring. Molecular diagnostics have shifted leukemia classification from
morphology-based to mutation-driven frameworks.

Together, these tools allow treatment to be matched to the specific biology of each
patient’s disease.



Treatment Evolution

The treatment of leukemia has evolved from non-specific cytotoxic approaches to
highly targeted and immune-based strategies.

Chemotherapy Era:

Initial leukemia treatment relied on combination chemotherapy aimed at rapidly dividing
cells. Agents such as antimetabolites, alkylating agents and anthracyclines formed the
backbone of therapy. These regimens improved remission rates, particularly in acute
leukemias, but lacked specificity, damaging normal proliferating cells and causing
significant toxicity. While chemotherapy established the foundation for curative intent
(especially in childhood ALL), relapse and resistance remained major limitations.

Targeted Therapy (Imatinib paradigm):

The discovery of specific molecular drivers transformed leukemia treatment. Alandmark
example is Imatinib, developed to inhibit the BCR-ABL fusion protein in chronic myeloid
leukemia (CML). Unlike chemotherapy, targeted therapy acts on defined molecular
abnormalities, resulting in higher efficacy and lower systemic toxicity. Imatinib
converted CML from a fatal disease into a chronic, manageable condition in many
patients, establishing the model for precision oncology.

Immunotherapy:

Advances in tumor immunology led to therapies that harness the patient’s immune
system to recoghize and destroy leukemic cells. Monoclonal antibodies target specific
antigens on malignant cells, enhancing immune-mediated clearance. Checkpoint
inhibitors increase immune responses by removing inhibitory signals that cancer
cells exploit. Immunotherapy offers specificity beyond chemotherapy and
complements targeted approaches, particularly in relapsed or refractory disease.

CAR-T Cell Therapy:

Chimeric Antigen Receptor T-cell (CAR-T) therapy represents a major leap in
personalized medicine. In this approach, a patient’s T-cells are genetically engineered
ex vivo to express receptors that specifically recognize leukemia-associated antigens
(e.g., CD19 in B-cell ALL). These modified cells are reinfused, where they actively seek
and destroy malignant cells. CAR-T therapy has shown remarkable success in
refractory leukemias, achieving high remission rates even in heavily pretreated



patients. However, it is associated with unique toxicities such as cytokine release
syndrome and remains resource-intensive.

Economic Burden and Healthcare Gaps:

Treating leukemia is expensive in ways most people don’t anticipate and in India, that
cost can end treatment before it’s finished.

Treatment expenses vary widely depending on disease subtype and modality.
Conventional chemotherapy may cost several lakhs over the course of treatment, while
advanced therapies significantly escalate costs, targeted agents require prolonged
administration and hematopoietic stem cell transplantation can cost 315-40 lakhs or
more in India. Novel treatments such as CAR-T cell therapy are even more expensive,
often exceeding X3-4 crores globally, placing them out of reach for the vast majority of
patients. In addition, indirect costs such as loss of income, travel, prolonged
hospitalization, and supportive care further compound the financial strain.

Access inequality is a defining feature of leukemia care, particularly in low and
middle income countries. Patients in urban centres with access to tertiary care
hospitals benefit from advanced diagnostics, standardized protocols and newer
therapies, whereas those in rural or underserved areas often face delayed diagnosis and
limited treatment options. Financial barriers frequently lead to treatment interruption or
abandonment, directly impacting survival outcomes. Socioeconomic status, education
and geographic location strongly influence the likelihood of receiving complete and
timely care.

Infrastructure challenges in India further widen this gap. Specialized oncology
centres, bone marrow transplant units and molecular diaghostic facilities are
concentrated in major cities, leaving large portions of the population underserved. There
is also a shortage of trained haematologists, oncology nurses and laboratory support
systems required for complex treatments. In addition, inconsistent availability of blood
products, infection control measures and intensive care facilities complicates the
management of treatment-related complications, which are critical determinants of
survivalin leukemia patients.

Insurance coverage remains another major limitation. Although government schemes
such as Ayushman Bharat have improved access to basic cancer care, coverage for
advanced therapies, long-term targeted treatments and transplantation is often



incomplete or subjectto caps. Private insurance penetration is limited and many policies
exclude high-cost or experimental treatments. As a result, a significant proportion of
patients rely on out-of-pocket expenditure, leading to catastrophic health spending and,
in many cases, discontinuation of therapy.

Key Analytical Findings:

e Risingincidence in older age groups:

The increase in global leukemia cases is disproportionately driven by individuals aged
>50-60 years. This reflects cumulative genetic mutations, longer life expectancy and
improved detection, rather than a true surge in disease biology among younger
populations.

e Sharp mortality decline in CML post-targeted therapy:

The introduction of tyrosine kinase inhibitors, particularly Imatinib, has led to a
dramatic reduction in mortality in chronic myeloid leukemia (CML). Survival has shifted
from a median of 3-5 years in the pre-targeted era to near-normallife expectancy in many
treated patients.

e Persistent geographic survival gap:

Survival outcomes differ significantly between high-income and low/middle income
regions. Childhood ALL survival exceeds 85-90% in developed countries but often
remains around 50-70% in resource-limited settings, highlighting systemic failures
rather than biological differences.

e Direct correlation between access and outcomes:

Availability of early diagnostics (flow cytometry, molecular testing), timely initiation of
therapy and access to advanced treatments strongly correlate with survival. Delayed
diagnosis, treatment interruption and lack of supportive care are key drivers of poor
outcomes in underserved populations.



e Urban advantage vs rural lag:
Urban populations show higher reported incidence but better survival due to

diagnostic access and treatment infrastructure, whereas rural populations face
underdiagnosis and higher mortality.

e Shift from fatal to manageable disease (select subtypes):
Certain leukemias, especially CML and subsets of ALL, have transitioned into chronic

or curable conditions with modern therapy, demonstrating the impact of mechanism-
based treatment approaches.

e FEconomic burden as a clinical determinant:

Financial toxicity directly influences treatment adherence and completion rates,
making affordability a critical factor in survival, particularly in countries like India.

Hence, outcomes in leukemia are equally shaped by access, affordability, and
healthcare infrastructure.

Future Directions

e Precision oncology (deeper than ‘targeted therapy’):

Targeting one mutation ata time is no longer enough. The focus is shifting toward reading
the full genetic picture, multiple mutations, epigenetic changes and how the cancer’s
cell populations are structured. Treatment strategies are increasingly being designed
to match dynamic disease evolution, in addition to static classifications. This
includes adaptive therapy models and combination regimens aimed at preventing clonal
escape and resistance.

e Gene editing and curative intent at the DNA level:

Technologies such as CRISPR-Cas systems are being explored to directly correct or
disrupt oncogenic mutations within hematopoietic cells. In leukemia, this could mean
editing out driver mutations (e.g., fusion oncogenes) or engineering immune cells



with enhanced specificity and persistence. While still largely experimental, gene
editing represents a shift from disease control to potential molecular cure.

e Artificialintelligence in early diagnosis and risk prediction:

Al-driven models are being developed to analyse peripheral blood data, imaging
patterns and genomic datasets for early detection of leukemia. Machine learning can
identify subtle patterns in CBC parameters or molecular signatures that may
precede disease progression.

e Public health interventions and system-level correction:

Future progress is also dependent on improving healthcare delivery. Expanding
cancer registries, strengthening early screening programs, improving rural diagnostic
access and subsidizing high-cost therapies are critical steps. In countries like India,
decentralizing oncology services and integrating leukemia care into primary healthcare
systems could significantly reduce diagnostic delays and treatment abandonment.

Conclusion:

This report illustrates that leukemia is a complex spectrum of many different
malignancies, grouped together only due to a common tissue origin and the detrimental
effects invoked in the body. Understanding it requires moving through layers: from how
a single mutated stem cell hijacks the bone marrow’s entire production system, to how
that plays out differently depending on whether the patientis a 5 year old in Chennai or
a 65 year old in Bihar. This shows the major problem lies with access and distribution of
such advanced healthcare facilities, rather than its development.

Treatment has evolved in ways that would have seemed impossible fifty years ago. In the
1970s, a CML diagnosis was effectively a countdown. Today, a patient on tyrosine kinase
inhibitors can expect a near-normal lifespan. Childhood ALL, once one of the most
feared diagnoses a parent could receive, now carries survival rates above 85% in well-
resourced settings, a figure that represents one of oncology’s genuine success stories.
CAR-T cell therapy is achieving deep remissions in patients who had exhausted every
other option, and genomic profiling is allowing treatment to be matched to a tumour’s
specific molecular fingerprint rather than its broad category. The trajectory of leukemia
treatment over the past four decades is proof that focused scientific investment in a
disease can essentially change what it means to be diagnosed with it.



Being forced to abandon treatment mid-chemotherapy, due to financial exhaustion,
is not a rare edge case in India; it is a documented pattern with direct consequences
for survival. CAR-T therapy, potentially curative for certain refractory leukemias, costs
more than most Indian families will earn in a lifetime. Insurance schemes cover the
basics but frequently fall short when treatment escalates. What this means in practice
is that the determining factor in whether someone survives leukemia is increasingly
dependent on their geography, income and the infrastructure of the healthcare
system they happen to rely on. Closing that gap is the central challenge of leukemia
careright now and it will remain so until the distance between what medicine can do and
what patients can actually receive is taken as seriously as any clinical trial.



