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Abstract: 

The incidence of acute lymphoblastic leukaemia (ALL) in adults is 

about 6500 cases per year in the United States alone, making it the 

second most prevalent form of acute leukaemia in adults. 

Chromosomal abnormalities and genetic changes that are involved in 

the differentiation and proliferation of lymphoid precursor cells are the 

defining characteristics of allogeneic lymphoma (ALL). 75% of cases 

in adults develop from progenitors of the B-cell lineage, whereas the 

remaining instances consist of malignant T-cell precursors. This 

percentage is based on clinical observations. Historically, risk 

classification has been determined by clinical criteria such as age, 

white blood cell count, and response to chemotherapy. However, the 

identification of recurrent genetic abnormalities has assisted in refining 

individual prognosis and guiding therapeutic techniques. Multi-agent 

chemotherapy with vincristine, corticosteroids, and an anthracycline, 

along with allogeneic stem cell transplantation for individuals who are 

qualified, continues to be the cornerstone of treatment, despite the fact 

that there have been advancements in medication administration. It is 

common for elderly individuals to be unable to take such regimens, and 

their prognosis is especially adverse in this regard. Acute lymphocytic 

leukaemia, also known as ALL, is a kind of cancer that is frequently 

detected in youngsters. Additionally, there has been a consistent rise in 

the number of cases of ALL as well as treatment failures, despite the 

fact that technical improvements have been made to improve treatment 

and survival rates. Specifically, the pathogenic combination between 

genetic and environmental variables that leads to ALL in children is 

the topic of discussion in this work. It conducts an analysis of the 

previously established therapy guidelines as well as the significant 

hurdles that lead to treatment toxicities, recurrence, and resistance. An 

analysis of a ten-year trend in the management guidelines of paediatric 

patients is presented in this paper. Furthermore, the outcome of ALL 

treatments and the general incidence of the disease are strongly 

influenced by a number of risk factors, including the interaction 

between hereditary and environmental factors. Furthermore, enormous 

financial costs have continued to be a very big obstacle in terms of the 

consequences. 
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Introduction: 

The cytomorphology, cytochemistry, and 

immunologic markers that are used to characterise 

acute lymphoblastic leukaemias (ALLs) are the 

defining characteristics of this group of 

hematologic neoplasias. There has been a 

significant improvement in the prognosis of ALL 

over the past thirty years, particularly in the age 

group between two and ten years old, where 

chemotherapy has the potential to cure the majority 

of patients. When compared to acute myelogenous 

leukaemia (AML), which occurs at a rate of 

approximately one to two cases per 100,000 people 

in Western countries each year, the incidence of 

ALL is far lower. In contrast to AML, ALL is 

characterised by a bimodal age peak, which means 

that the majority of cases occur in children and 

young adults, followed by a second age peak that 

occurs after the age of sixty years. Each year, 

around three thousand to four thousand new cases 

of ALL are diagnosed in the United States. During 

the early stages of acute lymphoblastic leukaemia 

(ALL), a lymphoid stem cell undergoes 

transformation and clonal growth. The cell of 

origin and the degree of differentiation of the stem 

cell that gives rise to ALL blasts are the two factors 

that determine the phenotype of ALL blasts. A 

number of instances are instances in which an 

abnormal expression of a gene results in an 

expression of differentiation markers that is either 

insufficient or incomplete. In a manner analogous 

to that of AML, the blasts of ALL are unable to 

differentiate into terminal cells. The majority of 

patients of ALL include cytogenetic aberrations 

(such as translocations, deletions, and inversions) 

[1, 2], some of which are crucial to the prognosis 

(see below). This is because sensitive cytogenetic 

analysis may detect these aberrations. The majority 

of the breakpoints that are involved in cytogenetic 

abnormalities have been cloned using the 

techniques of molecular biology. Additionally, 

submicroscopic lesions in the DNA of leukemic 

cells have been found in some cases. When all of 

the molecular investigations are considered 

together, they have shown that ALL is quite 

heterogeneous. With that being said, the 

mechanisms of leukemogenesis are only just 

beginning to be understood, despite the numerous 

advancements that have been made in molecular 

biology. When it comes to B-lineage ALL, the 

t(14;18) mutation is regarded to be pathognomonic 

for the surface immunoglobulin positive B-ALL 

with L3 morphology. This particular form of 

Burkitt's lymphoma is thought to be the leukemic 

form of the disease. Other chromosomes, such as 

chromosome 2 and chromosome 22, can 

sometimes be merged with chromosome 8 in 

certain instances. In leukaemias that have these 

abnormalities, the central nervous system and/or 

the lymph nodes in the abdomen are frequently 

involved in the presentation of the disease. The c-

mye-proto-oncogene is juxtaposed with 

immunoglobulin loci (IgH, IgK, or IgL) in B-all, 

which results in the expression of a c-myc protein 

that is dysregulated [3-6]. A number of cytogenetic 

abnormalities are recognised in patients with B-

precursor ALL. The E2A and PBX-i genes are 

fused together by the t(1;19) mutation, which 

results in the production of a fusion protein that 

facilitates transcription by way of the e2a 

transactivation domain. There are approximately 

two to five percent of children and up to twenty 

percent of adult cases of ALL that carry the 

Philadelphia chromosome (PhI, t9;22). The e-abl 

proto-oncogene, which is located on chromosome 

9, is fused with the ber gene, which is located on 

chromosome 22, just like it is in chronic 

myelogenous leukaemia for example. Ph1-positive 

ALL, in contrast to CML, is characterised by the 

production of a fusion transcript that is 6.5 

kilobytes in length and a fusion protein that is 190 

kilodaltons in size. Ph-l positive has a detrimental 

effect on the prognosis of ALL individuals. The 

long arm of chromosome 11 (1lq23) is defective in 

certain B-precursor patients with acute 

lymphoblastic leukaemia. There is a rearrangement 

of the MLL gene in these instances. It has been 

observed that the tumour suppressor genes pi5 and 

pi6 are deleted in a homogenous manner in certain 

cases of ALL. In addition, a number of 

chromosomal abnormalities are discovered in 

patients with T-lineage ALL. t(1;14), t(11; 14), and 
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t(7;9) are some examples of timestamps. The gene 

known as SCL (or TAL-i) is dysregulated in the 

t(1;14) mutation. A juxtaposition of the T-cell 

antigen receptor alpha/delta with either the TTGi or 

TTG2 loci is observed in the t(11;14) experiment. 

The development of T-cell lymphomas occurs in 

transgenic mice for whom the TTG i or TTG2 

genes are overexpressed . 

When an individual has ALL, the genes that are 

responsible for the T-cell receptor and 

immunoglobulins are rearranged in a manner that 

is determined by whether the malignant cells are 

formed from early T cells or B cells. These 

rearrangements, on the other hand, are not unique 

to a particular form of leukaemia; approximately 

ten percent of T-ALLs and, on occasion, acute 

myelogenous leukaemias have immunoglobulin 

genes that have been rearranged. According to 

DNA histograms, there is a relatively 

straightforward classification of ALL that is based 

on hyperdiploid, pseudodiploid, and very rarely 

hypodiploid. This classification was utilised as a 

prognostic indication in paediatric investigations of 

ALL. All-type leukaemia (ALL) is a subtype of 

acute T-cell leukaemia, which is caused by HTL V-

I (for more information, see page 328). These 

leukaemias are characterised by the integration of 

HTL V-1 into the genome of T-cells, which 

encodes transforming proteins such as rex and tax. 

A Concept of Disease with Minimal Residual 

Value: 

Due to a low number of leukemic cells in the bone 

marrow or other sanctuary sites, which cannot be 

seen by the typical morphological methods 

(minimum residual illness), a significant number of 

patients who are in complete remission experience 

a relapse. Nevertheless, these leukemic cells are 

able to be identified through the utilisation of 

techniques such as flow cytometry or polymerase 

chain reaction (peR). Some leukaemias have 

aberrant marker combinations that are useful for 

the study of minimum residual disease [7, 8]. This 

is despite the fact that the surface markers on 

leukemic cells are not specific to leukaemia. There 

is no doubt that the ability to impact or eradicate 

minimal residual disease will be a critical factor in 

determining whether or not additional 

advancements in the treatment of ALL will be 

possible. It is possible to improve the sensitivity of 

immunologic studies by combining these studies 

with genotypic analysis (for example, by using 

fluorescent in situ hybridization). Researchers are 

now attempting to measure the amount of leukemic 

cells that express leukemia-associated genes 

through the use of experiments that involve peR. It 

is possible to establish peR reactions not only for 

the leukemia-associated translocations that are 

seen in ALL or AML, but also for 

Manifestations in Clinical Action: 

ALL, like all other forms of acute leukaemia, is 

characterised by the presence of signs and 

symptoms that are brought on by the infiltration of 

malignant blasts into the bone marrow and other 

organs. Anaemia, neutropenia, and 

thrombocytopenia are the outcomes that follow as 

a consequence. The symptoms of anaemia include 

pale skin and mucous membranes, as well as an 

easy tendency to become fatigued. On the other 

hand, the symptoms of neutropenia include 

infections, particularly abscesses and pneumonias. 

Gum bleeding, petechial bleeding, and even retinal 

bleeding can sometimes be signs of 

thrombocytopenia. Bruising is also a common 

symptom of this condition. A lower incidence of 

hematomas is seen [9-11]. Pain in the bones and 

joints is common in children, and there is also the 

possibility of a painful enlargement of the spleen. 

When compared to acute myeloblastic leukaemias, 

the cytopenias that are associated with ALL are 

typically less severe, and extramedullary 

symptoms are more prevalent. A enlargement of 

the spleen or liver, as well as swollen lymph nodes, 

are the hallmark symptoms of acute lymphoblastic 

leukaemia (ALL). There are many instances in 

which patients with ALL of the T phenotype appear 

with an expanded mediastinum. Venous 

engorgement and constriction of the airways are 

two of the symptoms that may be brought on by a 

tumour in the mediastinal region. Approximately 

five to ten percent of patients diagnosed with ALL 

already have involvement of the central nervous 

https://doi.org/10.52845/CMRO/2024/7-7-14


Ahlam Abbas Salman Alwan et al. Acute Lymphoblastic Leukemia: Prophylaxis of Meningeal Leukemia, Treatment Strategies 

and Heamatopoietic Stem Cell Transplantation 

 

Current Medical Research and Opinion, Vol. 07, Issue. 07, Page no: 3187-3200 

 3190Page |                 14-7-https://doi.org/10.52845/CMRO/2024/7 DOI:  

system at the time of diagnosis. The symptoms that 

are characteristic of this condition include 

headaches, inflammation of the meninges, or 

paralysis of the cranial nerves. Infiltration of the 

skin, testicles, or kidneys is a less common sign of 

the disease than other organ presentations. 

An evaluation and categorization of each and 

every: 

When the white cell count is up and there are 

immature lymphoid blasts in the peripheral blood, 

as well as when platelets and neutrophils are low, 

it is simple to diagnose acute lymphoblastic 

leukaemia (ALL). Large, spherical, and indented 

nuclei are characteristic of ALL blasts, which also 

show a small amount of deeper blue cytoplasm. On 

the other hand, there are no cytoplasmic granules 

or Auer rods present, in contrast to the blasts that 

are observed in AML. B-ALL is characterised by 

bigger blasts that frequently contain vacuoles. 

There are usually blasts present in the blood smear, 

even if some patients with ALL have a normal or 

decreased white cell count [12, 13]. This is because 

blasts are a characteristic feature of ALL. 

Aspiration of bone marrow is the next step in the 

process of diagnosing acute leukaemia. This 

procedure is typically carried out at the iliac crest 

where the patient is located. In addition, acid 

phosphatase could have a positive pH. A dense 

infiltration of leukemic blasts (more than fifty to 

ninety percent) is observed in the bone marrow 

aspiration in many instances. There are a few 

instances in which the infiltration of leukemic cells 

is so dense that it is impossible to aspirate out the 

cells (dry tap). When this occurs, a biopsy of the 

bone marrow will be performed in order to 

establish the diagnosis of acute leukaemia. 

Following this, the immunologic and cytochemical 

differentiation of the blasts must be performed 

using blood as the source material. It is of utmost 

significance to identify between AML and ALL 

due to the fact that the treatments and prognoses are 

fundamentally distinct from one another. Using a 

panel of monoclonal antibodies, leukemic blasts 

should always be phenotyped to determine the 

expression of differentiation antigens. These 

antigens include B, T, NK, and myelomonocytic 

markers. In addition, immunologic markers are 

essential in determining the subtypes of ALL. 

Certain cytoplasmic markers, such as cytoplasmic 

immunoglobulins for early B-ALL, cytoplasmic 

CD3 for T-ALL, and the enzyme terminal 

transferase (TdT) reactive in most ALL, are also 

helpful in differentiating between the various types 

of ALL. In all cases of ALL, with the exception of 

B-ALL, TdT is expressed; nevertheless, it is also 

possible to find it in some cases of typical AML. It 

is not uncommon for the bone marrow to exhibit 

less than 25% blasts with ALL shape, despite the 

presence of extramedullary symptoms such as 

swollen lymph nodes and a mediastinal mass. 

Lymphoblastic lymphomas with bone marrow 

involvement are the classification that is applied to 

these various situations. It is imperative that ALL 

blasts be investigated in a cytogenetic laboratory at 

all times. This is because cytogenetics is both 

diagnostic and prognostic in nature, as was 

previously indicated. The presence or absence of 

particular molecular markers is the basis for 

therapeutic options in ALL that are utilised by 

some collaborative groups . 

For this reason, it is necessary to isolate the DNA 

and RNA of leukemic cells throughout the 

diagnostic process. When a new case of ALL is 

diagnosed, a chest X-ray should be performed in 

order to identify a mediastinal tumour, which is 

characteristic of T-ALL, and to rule out pneumonic 

infiltrates. A computerised axial tomography 

(CAT) scan of the mediastinum (or a magnetic 

resonance tomography (MRT) scan) should also be 

sought in the event that the chest X-ray reveals an 

enlarged mediastinum. This is done in order to 

determine the precise dimensions of the 

mediastinal tumour. Before beginning 

chemotherapy, it is important to conduct a 

thorough investigation into any potential infections 

that may be present in a patient who has acute 

leukaemia, as was discussed in Chapters 3 and 8. A 

lumbar puncture is recommended for patients 

diagnosed with ALL in order to rule out or confirm 

the presence of involvement of the central nervous 

system together with leukaemia. A thorough 

screening should be performed on the silt to 
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determine whether or not it contains leukemic 

blasts. A prophylactic to the central nervous system 

is included in every treatment regimen for ALL 

[14-17]. This is accomplished by giving 

medications (such as methotrexate) to the 

intrathecal space; for example, methotrexate. It is 

recommended that a platelet concentrate be 

transfused prior to the lumbar puncture in the event 

if the patient has a thrombocytopenia of 40,0001 

Illnesses. 

Attributes of ALL in the Laboratory: 

There was a discussion previously about the data 

from the bone marrow and blood. Increasing levels 

of uric acid and lactate dehydrogenase, as well as 

hypercalcemia, are indicators of an increase in the 

rate at which cells are being turned over. It is quite 

uncommon for ALL to have signs of disseminated 

intravascular coagulation. The classification of 

ALL according to the F AB. There was a discussion 

previously about the data from the bone marrow 

and blood. Increasing levels of uric acid and lactate 

dehydrogenase, as well as hypercalcemia, are 

indicators of an increase in the rate at which cells 

are being turned over. It is quite uncommon for 

ALL to have signs of disseminated intravascular 

coagulation. 

Classification of ALL according to the F AB: 

According to the morphological criteria, the 

French-American-British group differentiates 

between three different types of ALL (see Table 

10.2). With the exception of type L3, which is 

associated with the immunologic type of B-ALL 

and can be regarded as a leukemic variant of 

Burkitt's lymphoma, the FAB types of ALL 

provide very little information regarding the 

prognosis of the disease. The prevalence of type Ll 

is higher in children diagnosed with ALL [19-23], 

whereas the prevalence of type L2 is higher in 

adults. There are six distinct kinds of ALL that can 

be differentiated based on immunologic criteria 

respectively. If more than ten or fifteen percent of 

the blasts include the antigen that is being studied, 

then a positive reaction has been scored. The CD- 

nomenclature does not identify any of the markers 

as being particular to leukaemia for any reason. It 

is possible to find some or all of them on cells that 

are dividing or on bone marrow that is 

regenerating. There are certain combinations that 

are linked to leukaemia. However, the diagnosis of 

acute leukaemia in general or acute leukaemia in 

particular should only be made if the population of 

leukemic cells can also be detected by 

cytomorphology during the diagnostic process. 

Common-ALL is the most common form of ALL, 

accounting for around fifty to sixty percent of all 

patients diagnosed with ALL in adults and more 

than seventy percent of individuals in the paediatric 

age group . 

Markers of T-cell lineage are present in the second 

most common form of ALL, which is referred to as 

T-ALL and affects 10-30% of all patients. B-

lineage ALL is characterised by a more mature 

immunological phenotype, as seen by the 

production of surface immunoglobulin, in contrast 

to early pre-B-ALL, which is a kind of B-lineage 

ALL that is exceptionally immature. Acute 

undifferentiated leukaemia, often known as AUL, 

has become scarce in recent years. Over ninety-

eight percent of all acute leukaemias can be 

classified as either lymphoid or myeloid at the 

present time. It has been discovered that a growing 

number of acute leukaemias exhibit both lymphoid 

and myeloid markers (also known as "leukaemias 

of mixed lineage"), which is a result of the 

development of more sensitive typing 

technologies. The term "lineage infidelity" is 

another name for this event, which is connected to 

the leukemic transition [24, 25]. It would indicate 

that mixed lineage leukaemias have a poor 

prognosis, at least when it comes to the paediatric 

age range. Despite the fact that they do not have a 

positive myeloperoxidase (a particular myeloid 

marker) test, some genuine ALLs have been found 

to express myeloid markers such as CD33. 

Currently, it does not appear that this phenomena 

has any clinical significance. An endemic form of 

acute T-cell leukaemia that is connected with a 

human retrovirus (HTL V-1) is seen in Japan and 

the Caribbean. Lymph node swelling, 

hypercalcemia, skin lesions, and 

hepatosplenomegaly are some of the symptoms 
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that are associated with acute T-cell leukaemia (A 

TL). The majority of cases have a clinical course 

that is aggressive. 

Prognostic Factors and Complications Within 

Every Single: 

Certain cytogenetic and molecular aberrations, 

such as BCRt ABL translo cation and MLL 

rearrangement, are considered to be unfavourable 

prognostic markers. These include a leukocyte 

count that is greater than 1 OO,OOO/)lL, an age of 

40 years in adults, male sex (at least for children), 

meningeal involvement at the time of diagnosis, 

and certain lesions. At least in children, 

hyperdiploidy, which is defined as an increased 

number of chromosomes, is a factor that is 

associated with a favourable prognosis [26, 27]. An 

additional factor that contributes to a positive 

prognostic impact is the presence of the 

TELlAML1 fusion gene in the leukemic cell 

population. In the past, the L3 type of ALL, which 

is equivalent to B-ALL, had the worst prognosis; 

however, in recent years, the prediction has become 

more favourable. Pre-B and T phenotypes are no 

longer considered to be significantly distinct from 

one another from a prognosis standpoint in this day 

and age of extensive induction and reinduction 

therapy . 

Even if all patients with ALL are given 

prophylaxis, there is still a possibility that up to ten 

percent of them will develop meningeal 

involvement. Having a high initial blast count and 

having the immunophenotypes B-ALL and T-ALL 

are both considered to be risk factors. In the event 

that the diagnosis of meningeal leukaemia is not 

entirely obvious, it is recommended that suspicious 

cells in the cerebrospinal fluid be 

immunophenotyped. As a result of the fact that 

meningeal leukaemia is sometimes linked to the 

development of blastic tumours in the central 

nervous system, it is recommended that a CAT scan 

or MRT of the brain be carried out. The treatment 

for meningeal leukaemia comprises of intrathecal 

injections of 15 mg methotrexate, 40 mg cytosine 

arabinoside, and 4 mg dexamethasone. These 

injections are administered to the patient twice or 

three times each week. At the point where there are 

no more blasts visible in the CSF fluid, it is 

recommended that five more intrathecal injections 

be administered. There is an alternative treatment 

to intrathecal injections, which is the 

administration of intraventricular injections using 

an Ommaya port. Neurosurgeons are the ones who 

successfully implant Ommaya devices [28, 29]. It 

is imperative that all intrathecal injections be 

carried out in a completely sterile environment. It 

is recommended that a consolidation by irradiation 

(24 Gy was administered to the entire brain and the 

neuroaxis) be performed as the definitive 

treatment. An isolated testicular recurrence can 

occur in as many as fifteen percent of males who 

have ALL. Relapses of testicular cancer should be 

treated with a combination of re-induction of 

chemotherapy and bilateral irradiation radiation 

therapy. 

Strategies for The Treatment: 

The Treatment of Induction: 

The current treatment procedures for induction 

include the use of cytostatic medicines such as 

methotrexate and cytosine-arabinoside in addition 

to corticosteroids, vincristine, anthracyclins, and 

asparaginase. Over ninety-five percent of 

paediatric patients and seventy-eight to eighty 

percent of adult patients with ALL see a complete 

remission as a result of the procedures. In most 

cases, the induction treatment is administered 

every two months. 

The Treatment of Consolidation: 

A consolidation treatment is administered in the 

event that the induction treatment is successful in 

bringing about a remission. Multiple cytostatic 

medications are utilised during consolidation, 

including medicines that were not utilised during 

the induction phase (for example, methotrexate or 

epipodophyllotoxins in conjunction with 

cytarabine). The consolidation treatment is being 

administered with the intention of minimising the 

amount of disease that is still present as much as 

possible. There are numerous research 

organisations that alter the treatment in accordance 

https://doi.org/10.52845/CMRO/2024/7-7-14


Ahlam Abbas Salman Alwan et al. Acute Lymphoblastic Leukemia: Prophylaxis of Meningeal Leukemia, Treatment Strategies 

and Heamatopoietic Stem Cell Transplantation 

 

Current Medical Research and Opinion, Vol. 07, Issue. 07, Page no: 3187-3200 

 3193Page |                 14-7-https://doi.org/10.52845/CMRO/2024/7 DOI:  

with the likelihood of relapse. An accelerated 

consolidation treatment is administered to patients 

who have particular risk characteristics, such as a 

high white cell count [30, 31]. Repeating a 

modified induction technique after five or six 

months is a common component of many 

protocols, which also involve a reinduction 

treatment. A reduction in the intensity of treatment 

is administered to patients who fall into the low-

risk category. Because of this, an unneeded toxicity 

is avoided. 

The continuation or upkeep of something 

Medical care: 

A protracted maintenance treatment is typically 

required for ALL in order to achieve a cure. 

Methotrexate is typically administered once per 

week, and mercaptopurine is taken once every day 

for approximately two years. The medicine causes 

severe cytopenia in a small number of people who 

have a lack of thiopurine S-methyltransferase, 

which is the enzyme that renders mercaptopurine 

inactive. However, there are lesser dosages of the 

drug that can be administered without risk. Table 

lOA provides an illustration of a common risk 

protocol that can be utilised for people who have 

had ALL. 

Avoiding the development of meningeal 

leukaemia: 

The prevention of leukaemia in the central nervous 

system is an essential component of every strategy 

for ALL. It is common practice to provide 

intrathecal methotrexate at the time of diagnosis, as 

well as at various intervals (ranging from 12 to 15 

injections) throughout the consolidation and 

maintenance therapy. Irradiation of the brain is 

carried out by the majority of protocols, with the 

dosage ranging from 12 to 18 Gy depending on the 

age group and the risk factors. As a result of the 

potential adverse consequences that may include 

intellectual development and the formation of a 

second cancer, paediatric research groups make an 

effort to reduce the dose of cranial irradiation or to 

completely avoid it. Instead, these organisations 

stress the importance of administering cytostatic 

medicines through the intrathecal route. 

Rates of Cures in EVERY: 

It is anticipated that more than two thirds of 

paediatric patients will be cured with the treatments 

that have been outlined. The rate of cure is lower in 

the adult patient group, with approximately 20–

40% of long-term survivors who have not 

experienced a relapse. Despite the fact that the 

prognosis for paediatric ALL is usually favourable, 

the issue of late consequences has become more 

prevalent. After ten years had passed since the 

initial diagnosis, a retrospective study discovered 

that the rate of second malignancies was 1.5%. If a 

child was exposed to radiation to the brain, there 

was a greater likelihood that they will develop 

tumours in the central nervous system (CNS). All 

of the patients who were diagnosed with ALL were 

discovered to have non-Hodgkin's lymphomas in 

addition to other types of malignancy. The average 

latency period for secondary myeloid leukaemias is 

three years, and patients who are treated with 

inhibitors of topoisomerase II are at risk of 

acquiring these types of leukaemias. 

Endocrinopathic problems, obesity, low stature, 

and osteoporosis are some of the other late 

consequences that can occur [32, 33]. An 

improvement in the growth deficit can be achieved 

with the administration of growth hormone. 

Children diagnosed with ALL who have had 

cranial irradiation could potentially suffer 

neuropsychological issues. It is possible for a 

cardiomyopathy to develop as a result of the 

administration of anthracycines, particularly when 

using high cumulative doses. Cardioprotective 

compounds, such as dexrazoxane, are now in the 

process of being developed. 

Assistive Treatment and Care: 

A comprehensive supportive treatment is required 

for patients with ALL, just as it is for patients with 

other acute leukaemias. It is imperative that 

infections be thoroughly researched and treated 

with vigour. Patients who have ALL are at risk for 

pneumocystis pneumonia infections; hence, the 

majority of centres administer a preventative 

treatment consisting of oral trimethoprim-

sulfamethoxazole (TMP-SMX, when taken orally 

https://doi.org/10.52845/CMRO/2024/7-7-14


Ahlam Abbas Salman Alwan et al. Acute Lymphoblastic Leukemia: Prophylaxis of Meningeal Leukemia, Treatment Strategies 

and Heamatopoietic Stem Cell Transplantation 

 

Current Medical Research and Opinion, Vol. 07, Issue. 07, Page no: 3187-3200 

 3194Page |                 14-7-https://doi.org/10.52845/CMRO/2024/7 DOI:  

twice or three times per week). In patients who are 

unable to take TMP/SMX, aerosolized pentamidine 

or dapsone may be administered as forms of 

treatment. Chemotherapy and steroids are known 

to be quite effective in treating ALL blasts. 

Because of this, it is imperative that the likelihood 

of a tumour lysis syndrome be taken into 

consideration at all times during the induction 

chemotherapy. There is an increase in uric acid, 

potassium, and phosphate levels, as well as a 

reduction in calcium levels, which are the 

laboratory characteristics of a tumour lysis 

syndrome. In the absence of any preventative 

measures, tumour lysis syndrome has the potential 

to result in acute renal failure. In order to prevent 

the disease, it is necessary to drink enough water 

(at least three litres of isotonic fluid per day). Both 

the electrolyte balance and the administration of 

allopurinol should be performed. Alkalizing the 

urine with sodium bicarbonate is the recommended 

procedure. Urate oxidase is more effective than 

allopurinol in treating hyperuricemia [34, 35]. 

However, it has the potential to produce hemolysis 

or methemoglobinemia in people who are deficient 

in glucose-6-phosphate dehydrogenase. 

Hemodialysis is the treatment of choice for acute 

renal failure. The quick amelioration of extreme 

leukocytosis, which is defined as leukocytes above 

200,000/^L, can be achieved through the process of 

leukopheresis. The administration of cytokines, 

such as granulocyte colony-stimulating factor, has 

been shown to alleviate the short-term difficulties 

of neutropenia that occur during treatment for 

ALL. However, the cytokines have not been shown 

to alter the prognosis of ALL on their own. 

Indications for Bone Marrow Transplantation 

and Treatment in Patients with Relapsed or 

Refractory Acute Lymphoblastic Leukaemia: 

There is a bleak outlook for patients with refractory 

ALL. In rare cases, alternative methods that use 

high doses of cytosine arabinoside or monoclonal 

antibodies that are directed against T- or B-cell 

differentiation antigens have demonstrated some 

degree of clinical effectiveness. Depending on the 

period of the relapse, several tactics might be used 

to treat it. If a relapse occurs shortly after the 

maintenance treatment has been stopped, it is 

recommended that alternate protocols be utilised 

for treatment. The original regimen should be used 

to treat relapses that arise several years after the 

maintenance phase has concluded. After that, a 

different protocol should be used to consolidate the 

benefits of the initial regimen. Every single patient 

diagnosed with ALL who experiences a relapse is 

eligible to receive a bone marrow transplantation 

(BMT). As a result, the search for a donor who is 

histocompatible ought to start as soon as possible. 

After they have reached complete remission, 

certain high-risk patients, such as those with a high 

likelihood of relapse, a high white cell count, a 

positive phi-value, or an MLL rear rangement, 

should be recommended for bone marrow 

transplantation (if a donor is located) if they are 

well enough to receive the procedure. An 

multinational study conducted on individuals with 

ALL who were between the ages of 15 and 45 lends 

credence to this technique. Comparative analysis 

was performed between allogeneic transplantation 

and rigorous chemotherapy consolidation in this 

study. The 5-year survival rate without relapse was 

38% in the chemotherapy group and 44% in the 

transplant group (there was no statistically 

significant difference between the two groups). 

The majority of deaths that occurred in the 

chemotherapy group were due to relapses, whereas 

the highest number of deaths that occurred in the 

transplant group were due to complications linked 

to the transplant. The use of allogeneic 

transplantation is suggested for all patients who are 

in the second phase of the disease and have a donor 

who is a match for them [36]. This is because these 

patients have a limited chance of being cured. It 

suggests that the transplantation of cord blood stem 

cells is also a viable option for children who have 

experienced a relapse of ALL. When it comes to 

the treatment of patients with ALL, autologous 

transplantation does not have a definitive 

indication. The majority of patients who have been 

treated with this regimen up until this point have 

seen a relapse, even if the autologous graft is 

incubated with monoclonal antibodies or toxins. 
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As a treatment for B-ALL: 

Patients who have B-ALL (FAB group L3) are not 

included in the usual protocols for ALL treatment; 

rather, they are treated with specialised protocols 

that include high-dose cyclophosphamide and 

high-dose methotrexate, and they do not include a 

prolonged maintenance treatment. In recent years, 

there has been an improvement in the response and 

cure rates of B-ALL. The rates of complete 

remissions on average are approximately 70 

percent, and the long-term survival rate without 

leukaemia is becoming closer to 50 percent. There 

have been several studies that have included 

ifosfamide or etoposide as part of the treatment for 

B-ALL. 

Considering that genes have been cloned, a 

specialised genetic therapy that incorporates 

antisense constructions and ribozymes is an 

approach that makes sense. In a different line of 

inquiry, the immune system is directed against the 

leukemic cells, which in turn makes the leukemic 

cells a target for killer cells that are either 

autologous or allogeneic. There is the possibility of 

combining these techniques with a serotherapy that 

targets differentiation antigens on leukemic cells. 

The usage of antiangiogenic medicines is yet 

another method that can be utilised. 

Therapies of The Future: 

• Administering monoclonal antibodies that are 

directed towards CD22. The B-lineage 

differentiation antigen known as CD22 is 

expressed in B-cell allotype lymphoma in fifty to 

one hundred percent of adults and ninety percent of 

children. CD22 is rapidly internalised after it has 

been bound by an antibody, which makes it an 

appealing target for the delivery of immunotoxin to 

leukemic cells.  

• Epratuzumab (pref. Epratuzumab is an 

unconjugated monoclonal antibody that targets 

CD22. It has been put through clinical trials in both 

paediatric and adult patients with relapsed or 

resistant ALL. During the course of a salvage 

therapy regimen, epratuzumab was administered to 

fifteen paediatric patients for evaluation. Following 

the administration of the antibody as a single agent, 

the antibody was then administered in conjunction 

with the conventional re-induction chemotherapy 

strategy. In nine of the patients, the treatment led to 

a complete response (CR), with seven of them 

obtaining complete MRD clearing by the time the 

re-induction was finished. The addition of 

epratuzumab to clofaribine and cytarabine was 

investigated in a phase 2 research that was 

conducted on adults who had relapsed symptoms or 

were resistant to treatment. When the study was 

compared to the historical data of clofaribine and 

cytarabine alone, it revealed that the response rate 

was significantly higher.83 Preclinical experiments 

conducted in vitro and in vivo have demonstrated 

that epratuzumab conjugated to the topoisomerase 

I inhibitor, SN-38, exhibits action against B-cell 

lymphoma and leukaemia cell lines. This discovery 

was made more recently.Is 84 The drug 

ozogamicin inotuzumab. Inotuzumab ozogamicin, 

often known as InO, is a monoclonal antibody that 

targets CD22. It is conjugated to calicheamicin, 

which is a powerful cytotoxic chemical that causes 

double-strand DNA breaks.(85) Following the 

internalisation of the immunoconjugate, 

calicheamicin binds to DNA, causing double-

stranded DNA breaks, which ultimately leads to the 

induction of apoptosis. The results of preclinical 

experiments demonstrated that calicheamicin 

coupled to an anti-CD22 antibody exhibited 

significant cytotoxicity, which led to the regression 

of B-cell lymphoma and the inhibition of xenograft 

development at doses as low as picomolar.86 In the 

first phase of tests conducted on non-Hodgkin 

lymphoma (NHL), the highest tolerable dose of 

InO was determined to be 1.8 mg/m2 when 

administered intravenously every three to four 

weeks.87 In the subsequent research, InO was 

investigated in adults who had relapsed or 

refractory ALL.(88) One infusion every three to 

four weeks or weekly infusions of inositol were 

administered to each of the ninety individuals who 

participated in this phase 2 clinical research. There 

was no significant difference in the cumulative 

dosages between the two treatment approaches. 

The reaction rate was 58% overall, and the two 
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dosage schedules had a response rate that was 

comparable to one another. It was observed that 

weekly dosing did not result in a meaningful 

advantage, and the median survival time was 6.2 

months. Weekly dose, on the other hand, resulted 

in a statistically significant reduction in fever, 

hepatotoxicity, and veno-occlusive illness, which 

led to a considerable improvement in toxicity.89: A 

similar complete response rate (66%) and median 

overall survival (7.4 months) was observed in a 

second phase 2 research that included 35 patients 

with CD22+ ALL who were patients who had 

undergone second salvage or later.9.0 Kantarjian et 

al. compared the weekly dose of InO to the 

conventional chemotherapy for patients with 

relapsed or refractory ALL. Their findings were 

based on these results. The InO group had a 

considerably greater percentage of full remission 

compared to the standard chemotherapy group, 

which had a rate of 29.4% (95% CI, 21.0–38.8), 

whereas the InO group had a rate of 80.7% (95% 

CI, 72.1–87.7). Both progression-free survival 

(five months against 1.8 months) and overall 

survival (seven and a half months versus six and a 

half months) were significantly prolonged over the 

course of treatment with InO in comparison to 

normal chemotherapy. Ino therapy was associated 

with a number of side effects, the most common of 

which were thrombocytopenia and neutropenia. 

11% of individuals who were treated with InO 

developed veno-occlusive liver disease, whereas 

just 1% of patients who received standard 

chemotherapy developed this condition.(91) 

According to these findings, the Food and Drug 

Administration (FDA) awarded InO the 

designation of Breakthrough Therapy in the year 

2015, and it is a strong contender for accelerated 

approval for the treatment of relapsed or refractory 

ALL. The outcomes for these individuals are worse 

than those for their younger counterparts because 

they are more likely to experience adverse events 

as a result of chemotherapy. Doxorubicin was 

removed from the induction therapy regimen, and 

higher doses of cyclophosphamide, prednisone, 

methotrexate, and cytarabine were administered. 

This was done in an effort to lessen the toxicity of 

the treatment. The treatment was well tolerated and 

resulted in a better one-year overall survival rate 

when compared to historical data from a patient 

population that was comparable (78 versus 60%).  

Moxetumomab pasudodotox is the agent. 

Moxetumomab, a third anti-CD22 monoclonal 

antibody, is currently being developed for the 

treatment of ALL in both children and adults. It is 

a reformulation of an older research drug called 

BL22, which was composed of the variable region 

(Fv) of an anti-CD22 monoclonal antibody that 

was fused to Pseudomonas aeruginosa exotoxin A. 

Moxetumomab is a medicine that has been used in 

the treatment of cancer. The results of a phase 2 

trial demonstrated that BL22 exhibited a high level 

of efficacy against Hairy Cell Leukaemia.(94) In a 

phase 1 trial of children with relapsed or refractory 

ALL, BL22 was well tolerated and shown anti-

leukemic efficacy at all doses. However, the 

therapeutic improvements were very temporary 

and rather minor. As a result, BL22 was 

reformulated as moxetumomab in order to 

incorporate a Fv fragment that had a higher affinity 

for CD22. When administered to children with 

relapsed or refractory ALL, moxetumomab 

demonstrated an overall activity rate of seventy 

percent in phase 1 clinical studies.(96) All 

participants in a phase 1/2 trial of moxetumomab 

pasudodotox for the treatment of relapsed or 

refractory ALL in adults are currently being 

accepted for participation. 

— The Combotox. Combotox is a combined 

immunotoxin that is composed of anti-CD19 and 

anti-CD22 antibodies that are both conjugated to 

the cytotoxin deglycosylated ricin-A chain. The 

ratio of these antibodies involved in Combotox is 

1:1. Combination therapy resulted in a complete 

response in three out of seventeen paediatric 

patients who had relapsed or refractory ALL. 

Additionally, six other patients reported a drop in 

peripheral blasts that was 495 percent lower than 

before.(98) The use of combotox resulted in a 

reduction in peripheral blasts in all patients who 

were adults with relapsed or refractory illness. 

However, a permanent response was not observed 

because the blast count returned to its previous 
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level shortly after the final dosage of combotox was 

administered.98 In order to examine the efficacy of 

combotox in conjunction with cytarabine for 

people with relapsed or refractory ALL, a phase I 

trial is now recruiting treatment participants 

(NCT01408160).  

• The B-CD20. CD20 is an antigen that is specific 

to the B-lineage and is expressed on the surface of 

both normal and malignant B-cells at practically all 

stages of differentiation. Signalling that occurs 

through CD20 is involved in the advancement of 

the cell cycle, the pathways that lead to 

differentiation, and the regulation of apoptosis. 

There is a negative correlation between the 

expression of CD20 in 40–50% of precursor 

lymphoblasts and a poorer prognosis."100" 

Furthermore, CD20-positive leukaemia does not 

react well to dose intensification, which highlights 

the necessity of targeted therapy. Although the 

addition of rituximab, which is a monoclonal 

antibody of the first generation that targets CD20, 

has resulted in improved outcomes for these 

patients, the fact that they have developed 

resistance to rituximab is a limitation to its usage.  

REGN1979 is the year. A monoclonal antibody 

with a biallelic structure that targets CD20 and 

CD3 is known as REGN1979. While the premise 

of REGN1979 is comparable to that of 

blinatumumab, the latter is designed to stimulate 

both T cells and B cells, which ultimately leads to 

the activation of the immunological response of T 

cells against B cells. It was determined that 

REGN1979 was successful in preventing the 

formation of lymphoma xenografts and resulted to 

the total regression of tumours in murine models. 

Furthermore, in a monkey model, REGN1979 

resulted in a complete and long-lasting depletion of 

B-cells. The therapy with REGN1979 resulted in a 

substantially more extensive reduction of B-cells 

when compared to the treatment with rituximab. 

During the first phase of the trial, which included 

25 patients with NHL and CLL, the safety of 

REGN1979 was demonstrated. There was evidence 

of anticancer action that was dose-dependent. The 

cytokine release syndrome (CRS) and hypotension 

are the adverse effects that are considered to be the 

most serious. At this time, recruitment is being 

accepted for a phase 2 trial of REGN1979 in 

patients with relapsed or refractory ALL 

(NCT02651662).  

• The C-CD19. The B-lineage-specific antigen that 

is expressed the most frequently is called CD19. It 

is expressed during all stages of differentiation, but 

it is removed when the cells mature into plasma 

cells. CD19 is a co-receptor for the B-cell surface 

immunoglobulin, and its activation sets off a 

phosphorylation cascade that involves src-family 

kinases and PI3K, in addition to activating c-myc, 

which ultimately results in the proliferation and 

differentiation of B cells. Due to the fact that CD19 

is rapidly internalised following the binding of an 

antibody, it is a good candidate for 

immunoconjugate treatment. CD19 is expressed in 

nearly all B-cell leukaemias. 

Transplantation of Hematopoietic Stem Cells:  

When a complete response has been achieved, 

patients who are eligible for treatment may have 

the choice of undergoing consolidation and 

maintenance chemotherapy or Allo-SCT 

transplantation. The Allo-SCT procedure has been 

considered the gold standard of care and the best 

opportunity for a long-term response for patients 

who are at high risk and patients who have 

experienced a relapse or refractory disease for a 

long time. In general, high-risk disease is defined 

as Ph-positive ALL, raised white blood cell count, 

central nervous system disease, high-risk gene 

rearrangements, or hypodiploidy. However, the 

criteria for high-risk disease vary from study to 

study. A number of studies, including the LALA-

94 and City of Hope and Stanford University series, 

have demonstrated that Allo-SCT is superior to 

conventional chemotherapy in the treatment of 

high-risk patients. Therefore, it is suggested that all 

young adults who are considered to be at high risk 

and who have a donor available undergo allo-

sclerotherapy (allo-SCT) during their first CR 

(CR1). It has been indicated in recent research that 

patients with ETP-ALL and Ph-like ALL should be 

treated as high-risk patients and should also be 

provided Allo-SCT during the CR1 phase of 
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treatment. In individuals who are considered to be 

at standard risk, the role of allo-SCT is not as well 

characterised. MRD, in general, has emerged as a 

prognostic marker that has the ability to restrate 

patients to high-risk, so making them candidates 

for allo-scratch transplantation. MRD positive was 

determined to be an independent risk factor for 

lower relapse-free and overall survival, according 

to studies32 and other research. Following the 

completion of CR1, more research was conducted 

to investigate the risk variables in patients who 

were treated with Allo-SCT as opposed to regular 

chemotherapy. Allo-SCT was related with better 

relapse-free survival in patients who had a positive 

MRD test as part of their treatment. On the other 

hand, there was no survival benefit associated with 

Allo-SCT over normal chemotherapy in patients 

who had a complete response to MRD.163 Allo-

SCT should also be considered in all patients who 

experience a relapse, for the best results, once a 

second complete response (CR2) has been 

achieved. According to the results of the LALA-94 

trial, patients who were able to have Allo-SCT 

during CR2 had a 5-year overall survival rate of 

33%, while patients who got Allo-SCT during 

active relapse had an overall survival rate of 

8%.There are 164 patients who should be 

considered for clinical trials with innovative drugs 

as a bridge to allosclerotic stem cell 

transplantation. These patients are unable to attain 

CR2 using traditional approaches. According to the 

findings of the MRC/ECOG 2993 trial, the group 

that had a sibling donor allo-sclerotherapy had the 

highest 5-year survival rate when compared to the 

group that received chemotherapy alone or an 

unmatched donor (23%, 16%, and 4%, 

respectively). 

Concluding remarks:  

Over the course of the last ten years, there has been 

a substantial advancement in the diagnosis, 

treatment, and overall care of ALL. A significant 

number of drug combinations and treatment 

techniques have stayed basically unchanged. In 

spite of these evolutionary gains, which have led to 

an increase in disease-free and overall survival 

rates of up to 90 percent, the risks of dying from 

ALL are not yet at their highest possible level. 

Regarding the management of paediatric ALL, 

there is no official international guideline. 

Treatment relapses and resistance, as well as 

residual disease, drug toxicities, the high cost of 

newer treatments, and individual genetic variances, 

have remained to be problems that practitioners 

have to face when it comes to managing this 

juvenile cancer. The majority of the treatments for 

medication toxicity and adverse events that occur 

as a result of treatment are supportive. Countries 

with limited resources and individuals who do not 

have health insurance face a significant obstacle in 

the form of financial charges. With continuous 

research aimed at reducing relapse and toxicity 

with more technologically advanced treatments, 

the future looks promising. On the other hand, the 

focus is placed on individualised treatment plans, 

shared decision-making, and care goals in order to 

achieve better results. Individuals who have 

recently been diagnosed with the condition have 

improved chances of overall survival, and those 

who have survived have a greater likelihood of 

living a disease-free life. It is our hypothesis that 

future developments will lead to an increase in the 

number of years without disease as well as overall 

survival rates that are higher than the present 

standard of five years, while also reducing the 

number of complications. 
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