International Journal of Pharmaceutical and Bio-Medical Science

ISSN(print): 2767-827X, ISSN(online): 2767-830X
Volume 03 Issue 11 November 2023
Page No: 587-594

DOI: https://doi.org/10.47191/ijpbms/v3-i11-02, Impact Factor: 6.858

Causes of Acute Lymphoblastic Leukemia (All), Diagnosis and Treatment

Dr. Ali Mohammadimoshganbar?, Gholamreza Mostafavi?, Amin Hoorandghadim?

Independent researcher, from Ludwigshafen am Rhein, Germany

2Independent researcher
3Independent researcher from Tokyo, Japan

Orcid: 0000-0002-2474-099X, 20rcid: 0000-0002-2448-0905,%0rcid : 0000-0001-5109-6493

INTRODUCTION

Acute Lymphoblastic Leukemia (ALL) is a malignancy of the
blood and bone marrow affecting both adults and children.
Despite significant advancements in the treatment of ALL, its
etiology remains multifactorial and complex. This scientific
article aims to comprehensively explore the current
understanding of the causes of ALL, integrating genetic,
environmental, and other potential risk factors with the intent
to enhance future research, exploring methods of diagnosis
and treatment, and ultimately improve preventative measures
and therapeutic strategies.

Acute Lymphoblastic Leukemia (ALL) is characterized by
the uncontrolled proliferation of immature lymphoid
progenitor cells in the bone marrow. Although dramatic
progress has been made in treating this disease, its etiology
challenges scientists and clinicians alike. A better
understanding of the underpinning causes of ALL is
imperative to develop tailored interventions and preventive
strategies. The etiology of Acute Lymphoblastic Leukemia
remains a complex puzzle, tightly intertwined with a
combination of genetic, environmental, and lifestyle factors.
While significant progress has been made in identifying key
genetic alterations and environmental exposures associated
with ALL, further research is essential to understand the
intricate interplay between genetic predispositions and
environmental triggers. Improved understanding of the
causes of ALL will aid in developing effective preventive
strategies, targeted therapies, and personalized treatment
approaches, ultimately reducing the burden of this
devastating disease.

KEYWORDS: ALL, etiology of lymphoblastic leukemia,
ALL diagnosis, ALL treatment, Prevalence of ALL. Herbal
medicine to treat ALL leukemia.

CAUSES OF ALL
1. Genetic Factors:
In recent years, significant advancements have been made in
unraveling the genetic determinants associated with ALL.
Chromosomal abnormalities, such as translocations involving
the MLL gene and deletions affecting genes such as

IKZF1[1,2,3], have been strongly linked to the development
of ALL. Additionally, germline genetic alterations in genes
like ARID5B[4,5] and PAX5[6,7] have been identified,
highlighting the growing role of inherited predispositions.
Molecular profiling efforts have also identified various
somatic mutations involved in the pathogenesis of ALL,
shedding light on the interplay between genetic alterations
and disease initiation and progression.

2. Environmental Factors:

Environmental factors have long been implicated in the
development of ALL[8,9]. Prenatal exposures, such as
maternal smoking, alcohol consumption, and certain
chemicals, including polycyclic aromatic hydrocarbons
(PAHSs), have been associated with an increased risk of ALL.
Early-life infections and immune modulation seem to play an
important role in the etiology, suggesting that a dysregulated
immune system may contribute to leukemogenesis. Notably,
studies have also suggested a possible link between exposure
to electromagnetic fields (EMFs) and the development of
ALL, although further research is needed to elucidate this
association

3. Lifestyle Factors:

Several lifestyle-related factors have emerged as potential
influencers in ALL onset[10,11]. Maternal factors, including
advanced maternal age and obesity, have been correlated with
an increased ALL risk in offspring. Furthermore, the timing
and patterns of breastfeeding, as well as exposure to certain
dietary factors, such as high caloric intake and specific food
additives, are being investigated as possible risk factors.
However, more research is required to establish concrete
associations between lifestyle choices and the development
of ALL.

4. Inherited Predispositions:

Genetic predispositions to ALL have been identified in recent
years. A growing list of genetic syndromes, such as Down
syndrome, Bloom syndrome, and Li-Fraumeni syndrome, are
known to confer an increased risk of developing ALL[12,13].
These insights provide valuable clues regarding the potential
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molecular pathways implicated in disease initiation and
progression.

5. Interplay of Genetic and Environmental Factors:

It is becoming increasingly evident that the etiology of ALL
involves intricate interactions between various genetic and
environmental factors. Studies have explored gene-
environment interactions, including how specific genetic
variants modify the impact of environmental exposures on
disease susceptibility. Future research needs to delve deeper
into these interactions to elucidate the mechanisms driving
leukemogenesis.

ACUTE LYMPHOBLASTIC LEUKEMIA (ALL)
DIAGNOSTICS:

Acute Lymphoblastic Leukemia (ALL) is a prevalent form of
cancer characterized by the excessive proliferation of
immature lymphoid cells in the bone marrow and peripheral
blood. Due to its potentially fatal nature, early and accurate
diagnosis is crucial for the effective management and
treatment of ALL. The diagnostic methods used to diagnose
Leukemia are :

1. Clinical Presentation and History:

The initial step in ALL diagnosis involves meticulously
assessing the patient's medical history and clinical
presentation. Key symptoms of ALL may include fatigue,
pale skin, fever, bruising, swelling, and unexplained weight
loss. A thorough examination of the lymph nodes, liver, and
spleen, alongside additional tests such as blood counts, may
provide initial clues regarding possible leukemia presence.

2. Complete Blood Count (CBC):

A crucial component of ALL diagnostics, CBC entails a
detailed analysis of the patient's blood sample. This
examination allows healthcare professionals to evaluate the
levels and characteristics of various blood cells, such as red
blood cells, white blood cells, and platelets. In ALL, CBC
typically reveals abnormal blood cell counts, specifically a
decreased red blood cell count (anemia) and a higher or lower
number of white blood cells (leukocytosis or leukopenia,
respectively). Such observations serve as crucial indicators,
suggesting the need for further investigation.

3. Peripheral Blood Smear:

A peripheral blood smear involves examining a slide of the
patient's blood sample under a microscope. This technique
enables the identification of morphological abnormalities in
blood cells, which can be indicative of leukemia. In ALL, the
smear may exhibit the presence of blasts, immature white
blood cells characterized by a high nuclear-to-cytoplasmic
ratio, scant cytoplasm, and a fine chromatin structure.
Detecting blast cells in the peripheral blood smear
strengthens the suspicion of ALL, guiding the subsequent
diagnostic steps.

4. Bone Marrow Aspiration and Biopsy:

Bone marrow aspiration and biopsy are essential procedures
performed to definitively diagnose ALL. In this diagnostic
modality, a small sample of bone marrow is extracted from
the patient's hipbone or sternum using a long, thin needle. The
sample is subsequently analyzed in the laboratory for the
identification and evaluation of abnormal cells. The presence
of a high percentage of lymphoblasts in the bone marrow
confirms the diagnosis of ALL. Additionally, specialized
techniques like flow cytometry and immunohistochemistry
may be employed to determine the immunophenotype and
further classify the disease.

5. Cytogenetic and Molecular Testing:

Within the realm of ALL diagnostics, cytogenetic and
molecular testing play a vital role in predicting prognosis and
informing treatment options. These tests aim to identify
specific genetic abnormalities and alterations in leukemic
cells. Examples include fluorescent in situ hybridization
(FISH), polymerase chain reaction (PCR), and multiplex
ligation-dependent probe amplification (MLPA). By
analyzing chromosomal rearrangements, mutations, and gene
fusions, healthcare professionals can determine the presence
of clinically significant markers, such as BCR-ABL1, ETV6-
RUNX1, and MLL rearrangements. This information helps
guide the selection of suitable therapies tailored to the
patient's unique biological profile[14].

GENETIC CLASSIFICATION OF ALL

ALL exhibits remarkable genetic heterogeneity, with
multiple subtypes identified through advanced molecular
profiling techniques. The World Health Organization (WHO)
Classification system has classified ALL into different
subgroups based on their distinct genetic features. These
classification systems aid in the better understanding of ALL
subtypes and have important clinical implications for
treatment stratification[15,16,17].

1. B-Cell ALL:

a. Hyperdiploid ALL: This subtype is characterized by a high
number of chromosomes, typically more than 50. This
condition is associated with favorable outcomes and is
commonly observed in children.

b. ETV6-RUNX1 (TEL-AML1) fusion: This chromosomal
translocation forms a fusion gene, resulting in the
overexpression of TEL-AML1 protein. It is the most common
fusion in ALL and is associated with good prognosis.

c. BCR-ABL1 fusion: This fusion gene occurs due to the
Philadelphia chromosome (Ph) translocation and is
associated with poor prognoses. It is commonly seen in adult
ALL cases.

2. T-Cell ALL:

a. TLX1 and TLX3 rearrangements: These alterations involve
the T-cell-specific homeobox genes resulting in aberrant
expression. They are associated with an unfavorable
prognosis.
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b. NOTCH1 mutations: NOTCH1 signaling pathway
mutations are frequently observed in T-ALL, altering cell
differentiation, maturation, and proliferation, resulting in
aggressive disease progression.

SPECIFIC GENETIC ABNORMALITY

There are several genetic abnormalities or mutations
commonly associated with ALL. Some of the significant ones
include:

1. Philadelphia Chromosome (Ph+): Around 25% of adults
with ALL carry this abnormality. It results from a
translocation between chromosomes 9 and 22, leading to the
fusion of the BCR (breakpoint cluster region) gene and the
ABL1 (abelson tyrosine kinase 1) gene. This fusion gene
produces a novel protein called BCR-ABL1, which leads to
uncontrolled cell growth[18].

2. Hyperdiploidy: Approximately 25-30% of ALL cases
exhibit hyperdiploidy, which refers to an excess of
chromosomes. The most common trisomies involved in
hyperdiploid ALL are chromosomes 4, 10, 14, 17, and 21.
The exact mechanism by which this abnormality contributes
to ALL is not completely understood[19].

3. Hypodiploidy: In contrast to hyperdiploidy, hypodiploidy
is the presence of fewer than the normal number of
chromosomes. Hypodiploid ALL is associated with poor
prognosis. The most common genetic abnormality in
hypodiploid ALL is the loss of chromosomes, mainly
chromosomes 7, 9, 17, and X[20].

4. TEL-AML1 Fusion (Translocation 12;21): This specific
genetic abnormality is the result of a translocation between
chromosomes 12 and 21, leading to the fusion of the TEL
(ETV6) gene and the AML1 (RUNXZ1) gene. It is commonly
found in pediatric ALL, especially with precursor B-cell
immunophenotype, and is associated with a good
prognosis[21,22].

5. MLL Gene Rearrangements: Rearrangements involving
the MLL (Mixed Lineage Leukemia) gene are commonly
found in infant ALL and are associated with a poor prognosis.
Several partner genes can fuse with MLL, leading to the
disruption of normal hematopoietic cell development and
increased cell proliferation[23].

It's important to note that these genetic abnormalities are not
always present in every case of ALL. The prevalence and
significance of each mutation can vary depending on the age
group, subtype of ALL, and other factors.

PREVALENCE FACTORS OF ALL

Its prevalence in humans is influenced by several factors,
including age, gender, occupation, and lifestyle[24]. This
essay will delve into the formal examination of these factors
to gain a comprehensive understanding of the prevalence of
ALL.

Age and Prevalence of ALL:

Age is a critical factor when it comes to the prevalence of
ALL. This disease primarily affects children and adolescents,
making it the most common pediatric malignancy worldwide.
The incidence rate sharply increases in the first four years of
a child's life, reaching its peak between the ages of two and
five. However, ALL can also occur in adults, though the
incidence is significantly lower compared to children. In
adults, the risk of developing ALL increases with age,
particularly in individuals over 50. This age dependency
suggests that there may be underlying biological and genetic
factors that make younger individuals more susceptible to this
disease.

Gender Disparities in ALL Prevalence:

Gender also plays a role in the prevalence of ALL, albeit with
slight variations. Studies consistently show that males have a
slightly higher incidence rate compared to females, although
the reasons for this difference remain unclear. Hormonal
differences between males and females might contribute to
the variation, as certain hormones have been linked to the
development and progression of ALL. However, further
research is required to better comprehend the intricate
relationship between gender and the prevalence of ALL.

Occupational Influences on ALL Prevalence:

While there is limited direct evidence linking specific
occupations to the prevalence of ALL, exposure to certain
environmental factors may indirectly increase the risk.
Workers involved in benzene-related industries, such as
chemical manufacturing, petroleum refining, and rubber
manufacturing, are potentially at a higher risk of developing
ALL. Benzene, a known carcinogen, has been associated with
the development of leukemia, including ALL. Additional
research is crucial to pinpoint other occupational risks that
could contribute to the prevalence of this disease.

Lifestyle Factors and ALL.:

Lifestyle choices can also impact the prevalence of ALL.
Maternal smoking during pregnancy is a significant risk
factor, as it has been linked to childhood leukemia, including
ALL. Exposure to ionizing radiation, whether through
medical procedures or nuclear accidents, has also been
associated with an increased risk of developing ALL.
Additionally, a lack of physical activity, unhealthy diets, and
high levels of pollution may contribute to the overall burden
of this disease in certain populations.

As a life-threatening disease, the prevention of ALL assumes
paramount importance in the field of medicine and public
health. A multifaceted approach encompassing various
domains such as education, genetic screening, immunization,
and environmental awareness is vital to effectively combat
this aggressive malignancy. We examines the importance of
prevention programs and outlines strategies aimed at
reducing the incidence and impact of ALL on society.
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1-Education as a Foundational Pillar

Education plays a pivotal role in preventing ALL by fostering
awareness and empowering individuals to make informed
decisions regarding their health. Educational initiatives
should target both the general population and healthcare
professionals. For the public, awareness campaigns should
emphasize the early signs and symptoms of ALL,
highlighting the importance of timely medical intervention.
Additionally, disseminating information about the factors
influencing the development of ALL, including genetic
predisposition, radiation exposure, and potential risk factors,
is paramount.

Healthcare professionals should receive comprehensive
training on recognizing the clinical manifestations of ALL,
facilitating early diagnosis. Furthermore, promoting the
significance of routine health visits and regular screenings
among healthcare providers can lead to earlier detection,
thereby enhancing prognosis and treatment outcomes.

2-Genetic Screening and Counseling

Genetic screening for ALL susceptibility genes plays a
crucial role in identifying individuals at risk. By conducting
genetic testing, at-risk individuals can make informed
decisions about lifestyle modifications, early intervention, or
preventive measures in consultation with genetic counselors.
Furthermore, such testing enables the identification of genetic
mutations associated with familial ALL, helping to recognize
individuals who may require further genetic evaluation.

3-Immunization Programs

Immunization programs geared towards preventing
infections are fundamental in reducing the incidence of
ALL[25,26]. Vaccination against key viral infections, such as
human T-cell lymphotropic virus type 1 (HTLV-1), Epstein-
Barr virus (EBV), and hepatitis B virus (HBV), has been
linked to a decreased risk of developing ALL. Public health
authorities should intensify efforts to disseminate information
about the importance of immunization, ensuring optimal
vaccination coverage across populations. By mitigating viral
infection risks, immunization programs can significantly
contribute to the prevention of ALL.

4-Environmental Awareness and Regulation

Environmental factors have been implicated in the
development of ALL,; therefore, raising awareness about
potential carcinogens and implementing regulations aimed at
reducing exposure is essential. To mitigate risks associated
with ALL, governments should strengthen environmental
regulations surrounding radiation, chemical pollutants, and
occupational hazards. Efforts should include robust
monitoring systems, public disclosure of environmental data,
and appropriate enforcement mechanisms.

Moreover, promoting sustainable agricultural practices, safe
disposal of hazardous waste, and encouraging a shift towards
renewable energy sources can collectively contribute to a
safer environment, reducing the risk of ALL development.

5-Collaborative Research and Funding

To achieve significant progress in the prevention of ALL,
promoting interdisciplinary collaboration and allocating
funds for research becomes crucial. Governments,
pharmaceutical companies, and non-profit organizations
should invest in research aimed at identifying novel risk
factors, improving diagnostic tools, and developing
preventive strategies. By supporting scientific studies, society
can unlock breakthroughs in ALL prevention, fostering a
future where preventing the disease becomes more attainable.
As a result, preventing ALL necessitates a multi-pronged
approach encompassing education, genetic screening,
immunization, and environmental awareness. By imparting
knowledge and empowering individuals, education lays the
foundation for early diagnosis. Genetic screening aids in
identifying those at risk, enabling personalized preventive
measures. Immunization programs and environmental
regulations contribute significantly to reducing infection and
exposure risks. Collaborative research and funding drive
progress towards improved prevention strategies.

With concerted efforts from healthcare professionals,
policymakers, researchers, and society at large, preventing
ALL can become a shared objective. Ultimately, a
comprehensive prevention approach will alleviate the burden
of ALL, providing a healthier and brighter future for
generations to come.

TREATMENT

As mentioned, ALL is the most common form of leukemia in
children, although it can also occur in adults. Over the years,
significant advancements have been made in the diagnosis
and treatment of ALL, resulting in improved survival rates.
This part explores the common treatment approaches for
Acute Lymphoblastic Leukemia, highlighting both traditional
and contemporary treatments.

1. Chemotherapy:

Chemotherapy is the cornerstone of treating ALL[27]. It
involves the administration of powerful drugs that target
rapidly dividing cancer cells. Multiple drugs are usually
combined in various treatment phases to improve efficacy
and minimize the development of resistance. Chemotherapy
protocols for ALL are further divided into induction,
consolidation, and maintenance phases, each tailored to
different goals and disease states. The objective is to achieve
complete remission, eliminate any remaining cancer cells,
and prevent relapse.

2. Radiation Therapy:

Radiation therapy involves the use of high-energy X-rays or
other types of radiation to target and destroy cancer cells. It
is usually employed as a localized treatment in specific areas
affected by ALL, such as the brain or testicles. Radiation
therapy may be used along with chemotherapy to ensure that
leukemic cells are effectively eradicated in the affected
regions[28].
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3. Stem Cell Transplantation:

Stem cell transplantation, also known as a bone marrow
transplant, is a potentially curative treatment option for ALL
patients[29,30]. It involves replacing the diseased bone
marrow with healthy stem cells from a matched donor. The
new stem cells can generate healthy blood cells, thereby
restoring the patient's immune system. Two types of stem cell
transplantation ~are  commonly  used:  autologous
transplantation, utilizing the patient's own healthy cells, or
allogeneic transplantation, using stem cells from a donor.
Allogeneic transplantation, with its graft-versus-leukemia
effect, is particularly advantageous in high-risk cases.

4. Targeted Therapy:

Targeted therapy involves drugs that specifically target the
unique genetic mutations or proteins involved in leukemia
growth. This approach minimizes damage to healthy cells and
reduces side effects compared to traditional
chemotherapy[31,32]. One such example is the use of
tyrosine kinase inhibitors (TKIs), such as imatinib, to inhibit
the uncontrolled growth of leukemia cells with specific
genetic abnormalities, such as the Philadelphia chromosome.

5. Immunotherapy:

Immunotherapy harnesses the body's immune system to
recognize and destroy cancer cells[33,34]. Monoclonal
antibodies, such as rituximab[35], are employed to directly
target specific markers on leukemic cells, marking them for
destruction by the immune system. Other immunotherapies,
such as CAR-T cell therapy, involve engineering a patient's
immune cells to recognize and attack leukemia cells more
effectively. These cutting-edge therapies have shown
remarkable results in some cases, especially those with
relapsed or refractory ALL.

It must be said that when treating, we must pay attention to
important points such as genetic changes in order to take
advantage of the most effective treatment methods.

Genetic Alterations and their Significance:

1. Chromosomal Translocations:

a. 1(9;22)(g34;911.2) - BCR-ABL.1 fusion[36]: The presence
of this fusion gene is pivotal in the diagnosis of Ph-positive
ALL. It influences prognosis and determines eligibility for
targeted therapies, such as tyrosine kinase inhibitors.

b. t(12;21)(p13;g22) - ETV6-RUNX1 fusion: This
rearrangement is frequently seen in pediatric B-ALL and
correlates with a favorable prognosis.

2. Copy Number Alterations:

a. Deletions in the CDKN2A/B gene on chromosome
9[37,38]: These deletions compromise cell cycle regulation,
particularly in T-ALL, leading to cell proliferation and
increased likelihood of relapse.

b. IKZF1 deletion: IKZF1 gene deletions are associated with
poor outcomes in B-ALL, as they are implicated in B-cell
development and play a role in treatment resistance.

3. Gene Mutations:

a. TP53 mutations: TP53 gene mutations are associated with
a poor prognosis and tumor resistance to conventional
chemotherapy.

b. IKZF1 mutations: Similar to deletions, mutations in the
IKZF1 gene confer an unfavorable prognosis in B-ALL.
Genetic alterations in ALL have a profound impact on its
diagnosis, prognosis, and therapeutic approaches. Over the
past decades, substantial progress has been made in
deciphering the genetic intricacies of this disease, leading to
targeted therapies and improved outcomes. Comprehensive
molecular profiling has allowed for the identification of
genetic subgroups, providing novel insights into the
biological mechanisms underlying ALL. Continued research
on the genetic details of ALL is crucial to unravel its complex
pathology and develop personalized treatment strategies for
patients with this aggressive hematological malignancy.

CONCLUSIONS

Acute lymphoblastic leukemia (ALL) is a malignancy
characterized by an overproduction of immature white blood
cells, known as lymphoblasts, in the bone marrow. Numerous
factors contribute to the development of this aggressive and
complex disease. While specific causative factors are yet to
be completely understood, research has identified some key
causes that can lead to the onset of acute lymphoblastic
leukemia.

Genetic alterations play a crucial role in the development of
ALL. Certain genetic conditions and chromosomal
abnormalities increase the likelihood of acquiring the disease.
Down syndrome, for instance, has been closely linked to an
increased risk of developing ALL. Individuals with Down
syndrome possess an extra chromosome 21, which disrupts
the normal functioning of genes involved in regulating cell
growth and differentiation. This abnormality heightens the
susceptibility to leukemia development.

Acute lymphoblastic leukemia arises from a complex
interplay of genetic and environmental factors. Genetic
abnormalities, exposure to ionizing radiation, infections, and
exposure to specific chemicals and toxins have all been
identified as potential causes of ALL. However, further
research is still required to fully comprehend the intricate
mechanisms underlying the development of this devastating
disease. Understanding these causes will not only facilitate
early detection and accurate diagnosis but also aid in the
development of novel therapeutic interventions for
combating acute lymphoblastic leukemia.

The diagnosis of Acute Lymphoblastic Leukemia (ALL)
requires employing a series of comprehensive diagnostic
techniques to assess the patient's clinical presentation, bone
marrow aspirate, blood counts, and cytogenetic and
molecular markers. The integration of these diverse
diagnostic modalities enables accurate identification,
subclassification, and risk stratification of ALL. These formal
diagnostic tools aid healthcare professionals in tailoring
treatment options to maximize therapeutic effectiveness and
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improve patient outcomes in their battle against this life-
threatening disease.

Understanding the factors influencing the prevalence of
Acute Lymphoblastic Leukemia (ALL) is essential for
developing effective prevention strategies and improving
patient outcomes. Age has a prominent association with ALL
prevalence, with children and adolescents being the most
susceptible group. Gender differences also exist, although the
underlying causes remain inconclusive. While the direct
impact of occupation is not well-established, workers
exposed to certain environmental hazards might face an
increased risk. Furthermore, lifestyle factors, including
maternal smoking, radiation exposure, and lifestyle choices,
can contribute to the overall burden of ALL. Research efforts
should continue to shed light on these factors and facilitate
the implementation of targeted interventions to prevent this
devastating disease.

Effective treatment of Acute Lymphoblastic Leukemia
involves a combination of different approaches tailored to
each patient's unique characteristics. While chemotherapy
remains the primary treatment, radiation therapy, stem cell
transplantation, targeted therapy, and immunotherapy are
increasingly integrated into treatment protocols, yielding
higher survival rates and improved long-term outcomes. A
multidisciplinary approach, with collaboration between
hematologists, oncologists, and other specialists, facilitates
the optimal management of ALL, ensuring that patients
receive the best possible care. Overall, the continuous
advancement in treatment strategies for Acute Lymphoblastic
Leukemia offers hope for improved quality of life and
increased survival rates for those affected by this challenging
condition.

We conducted laboratory-level research that shows the
treatment of ALL Leukemia with herbal medications is to
some extent possible.
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