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Background: Childhood acute lymphoblastic leukemia is a malignant 

disorder that originates in a single B or T lymphocyte progenitor.
 

Worldwide, it is the most common childhood cancer. It accounts 25% 

of all childhood cancers and approximately 75% of all cases of 

childhood leukemia. Although contemporary treatments have been 

effective in curing more than 80% of children with acute lymphoblastic 

leukemia; however, some patients develop fatal acute and delayed 

complications as a result of side effects from the medications requiring 

more aggressive management. 

Objective: Detect the recent incidence of childhood acute 

lymphoblastic leukemia and causes of that. Also discuss the treatment 

strategies of childhood acute lymphoblastic leukemia and their late 

possible effects. 

Methods:The data was collected from PubMed, Medline, SDL, Up to 

date and Springer databases. The search terms were childhood acute 

lymphoblastic leukemia, incidence, classification, biology, 

pathophysiology, clinical manifestations, causes, risk factors, treatment, 

survival rate, long-term outcomes, worldwide and Saudi Arabia. 

Conclusion:Childhood acute lymphoblastic leukemia incidence rates 

are generally higher in developed than in developing countries. The risk 

factors of childhood acute lymphoblastic leukemia are environmental 

and genetic factors. The late effects of acute lymphoblastic leukemia 

treatment mainly are increasing of cardiovascular morbidity and 

mortality, neurocognitive impairment, endocrine dysfunction and 

metabolic abnormalities. There are multiple new treatments that might 

improve the overall response of patients like molecular therapies that 

target genetic abnormalities of the leukemic cells and their affected 

signaling pathways. 
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Introduction:- 
Acute lymphoblastic leukemia (ALL) is the most common childhood cancer worldwide. It accounts for 25% of all 

childhood cancers and approximately 75% of all cases of childhood leukemia.
1,2 

In Saudi Arabia childhood ALL 

accounting 71.1% in male and 70.8% in female of all types of leukemia.
3 

All over the world incidence of childhood 

ALL is higher among male than female.
4,5 

The highest incidence rate appears in the birth to age 4 years group.
6   
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In this research we will answer the following questions: 

1. What the risk factors and pathophysiology of childhood ALL? 

2. What the management of childhood ALL? 
 

This type of cancer is very important to study it because high incidence of occurrence and the age of occurrence, 

especially Saudi Arabia because 37.2% of the population is under 14 years of age.
1,3

 Subsequently, the majority of 

the population are at risk of childhood cancer specifically ALL.
6 

 

Objectives:-
 

1. Detect the incidence of childhood ALL worldwide and in Saudi Arabia. 

2. Recognize the classification of childhood ALL and the most common type. 

3. Describe the biology and pathophysiology. 

4. Determine the causes and the risk factors of childhood ALL. 

5. Discuss the management of this type of cancer. 

6. Find methods to increase the survival rate and improve prognosis in children with ALL. 

 

Methodology:- 
The data was collected from PubMed, Medline, SDL, Up to date and Springer databases. The search terms were 

childhood acute lymphoblastic leukemia, incidence, classification, biology, pathophysiology, clinical manifestations, 

causes, risk factors, treatment, survival rate, long-term outcomes, worldwide and Saudi Arabia. Journal articles were 

retrieved from diverse fields: epidemiology, biomedical research, hematology, pediatric, oncology and cancer 

prevention. 

 

Review: 

1. Different subtypes of ALL were identified based on their genetic lesions such as: their lineage (T- versus B-

cell), chromosome number, or the presence or absence of chromosomal translocations. These genetic lesions 

account for about 75% of ALL patients, and they significantly influence the approach of the treatment.
 7  

2. In Saudi Arabia, the precursor B-cell lymphoblastic leukemia and precursor T-cell lymphoblastic leukemia are 

account for 37.8%, 44.5% in male and female, and 9%, 4.5% in male and female subsequentlly.
3
  

3. The subtype of precursor B-cell ALL is more prevalence among children with Down syndrome.
8 

Prevalence of 

ALL is increased in children with some congenital anomalies.
9
 Results of study find the congenital anomalies 

are increased in siblings and maternal family of ALL patients.
10 

 

4. Although, the environmental risk factors play a role in development of ALL, but in most cases exhibited no 

obvious evidences associate these factors with leukemogenesis. For example, the incidence of ALL among 

children of high socioeconomic status is higher than others and has been associated with a delayed exposure to 

common childhood infections.
11

  
 

Reported childhood leukemia incidence in England and Wales continues to be higher in relatively wealthy 

communities. Possible explanations include under-diagnosis of leukemia in children from poor community.
12

 

Fortunately, another study assumes that folate supplementation during pregnancy decreases the risk of childhood 

ALL.
13 

Treatment of ALL has 4 stages. First stage is induction (to attain remission) therapy, second stage is 

intensification (consolidation), Third stage is central nervous system (CNS) prophylaxis or CNS preventive therapy 

and fourth stage is maintenance therapy.
14

 The most intensive form of treatment for ALL is allogeneic hemopoietin 

stem-cell transplantation. Nonetheless, allogeneic transplantation clearly benefits several subgroups of patients with 

high-risk ALL, such as individuals with Philadelphia chromosome-positive disease and those with a poor initial 

response to treatment.
15 

Findings of study suggest that outcome among high-risk pediatric patients with ALL after 

hematopoietic stem-cell transplantation was not affected by donor type either sibling donors or matched unrelated 

donors.
16

 
 

Recently, greater than 95% of newly diagnosed children who have ALL achieve a complete remission of leukemia.
9 

Although
 
the 5-year event-free survival rates of childhood ALL increased to 82%

17
, many studies have yielded that 

survivors of childhood ALL exhibit early mortality and morbidity. Survivors who treated with radiation therapy or 

had a leukemia relapse are at greatest risk for adverse outcomes.
18 

Also survivors are at significant risk of 

cardiovascular events, obesity, growth hormone deficiency, insulin resistance, muscle weakness, peripheral 

neuropathy, impaired balance & neurocognitive impairment.
19 
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Incidence 

Childhood ALL is an acute form of leukemia. It accounts for one fourth of all childhood cancer and three fourth of 

all newly diagnosed leukemia
14.  

Childhood cancer incidence rates are generally higher in developed than in 

developing countries. It is probably due to the difficulty of measuring the incidence accurately in developing 

countries, where cases are often unreported due to the greater rate of deaths from infectious diseases and 

malnutrition. However, the great majority of children, and 80% of children with cancer lives in developing 

countries.
1
  

 

Several studies have reported that the incidence of childhood leukemia increases specially in England, Wales
12

 and 

Canada.
 20, 21

  

 

Risk factors 

Despite the prevalence childhood ALL worldwide, there are only few known risk factors such as:  sex, age, race, 

exposure to ionizing radiation, and some congenital diseases, like Down syndrome and neurofibromatosis.  Some 

researchers suggest that this type of cancer is mainly due to environmental rather than genetic risk factors. Some 

investigators confirmed that exposure to magnetic fields  0.4 micro Tessla, pesticides, solvents, benzene are 

considered important environmental risk factors, as well as maternal alcohol consumption, contaminated drinking 

water, infections, and high birth weight.
22,23

  

 

A meta-analysis was performed to investigate the association between maternal solvent, paint, petroleum exposure, 

as well as smoking during pregnancy and risk of childhood ALL. This study revealed significant association 

between these materials and risk of childhood ALL.
24 

While other study revealed that no association between 

maternal infection during the pregnancy and risk of leukemia.
25

 

 

Some investigators reported that children with Down syndrome exhibit increased in risk of ALL.
8 

Also another 

study showed no increase in risk of relapse in children with Down syndrome but the survival and event free survival 

were lower in comparing with other children.
26

 Parallel to these results, a recent study at King Abdulaziz Medical 

City regarding this issue found significant association between genetics lesions and development of childhood ALL 

particularly among children in industrialized countries, probably due to some industrial pollutants.
27

 
 

Pathophysiology 

Childhood ALL is a malignant cancer that arises from recurrent genetic alterations that block precursor B- and T-

cell differentiation and drive aberrant cell proliferation and survival. ALL is characterized by the accumulation of 

malignant, immature lymphoid cells in the bone marrow and, in most cases, also in peripheral blood.
28 

 

Signs and symptoms 

The signs and symptoms of ALL are variable and they are mainly due to infiltration of blasts in the bone marrow, 

lymphoid system, and extramedullary sites, such as the CNS, but the majority of patients present with a sudden 

onset of fatigue, or spontaneous bleeding. Malaise, lethargy, weight loss, fevers, night sweats, as well as bone and 

joint pain due to infiltration of blast cells in the marrow cavity and periosteum. These symptoms more frequently in 

children than adults. Young children may have also difficulty in walking 
29.30

 

 

Treatment and late effect 

Many studies have shown that, childhood ALL treatment is composed of four main components: remission 

induction, consolidation, continuation, and treatment of subclinical CNS leukemia. The only exception is B cell 

ALL, that requires a specific therapy with high-dose cyclophosphamide, methotrexate, cytarabine and intensive 

intrathecal therapy.
 31

   

 

More than 80% of children with ALL have been cured by using that previous treatment; however, 20 % of patients 

developed acute and delayed complications as a result of side effects from the medications.
32 

For this reason, some 

researches reached for multiple new treatment that might improve the prognosis in children with ALL. These 

include new anti metabolites and nucleoside analogues, changing the formulations of known chemotherapeutic 

agents, molecular therapies targeting the leukemic cells genetic composition and their affected signaling pathways as 

well as monoclonal antibodies against leukemia-associated antigens.
32 

Furthermore, allogeneic hemopoietin stem-

cell transplantation is the most promising form of the new treatment strategies. This treatment is of benefit to those 

subgroups of patients with an increased risk of developing ALL, such as individuals who show poor response to 

https://en.wikipedia.org/wiki/Acute_%28medicine%29
https://en.wikipedia.org/wiki/Leukemia
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initial treatment and children with Philadelphia chromosome-positive disease.
15, 16 

On the other side, children with 

T-cell ALL is best treated with stem-cell transplantation. 
33 

A
 
recent study has suggested that the rational 

combination therapies may reduce the toxicity and lead to synergistic antileukemic activity.
34

 While other 

investigators have reported that the effective treatment for patients with non-high-risk ALL is the combination of IV 

medium high-dose methotrexate (2 g/m2 times three), triple intrathecal therapy in the first year of maintenance 

treatment, the use of dexamethasone for induction and pulses during maintenance treatment.
35 

For childhood ALL, 

Berlin-Frankfurt-Munster and Dana-Farber Cancer Institute consortia's treatment strategies are widely applicable. A 

previous study compared the monetary costs and health effects of hospital treatments for these two treatment 

strategies for 2 years, and they found that there was no difference in both treatment protocols. So current Berlin-

Frankfurt-Munster or Dana-Farber Cancer Institute strategies should represent conventional therapy for the next 

economic evaluation of treatments for childhood ALL.
36

 

 

Various late effects of the treatment are nowadays well acknowledged, and the survivors have increased 

cardiovascular morbidity and mortality. While the treatment of ALL may have direct toxic effects on various organ 

systems, lifestyle factors affect the cardiovascular risk of the survivors as well. 

 

There is a previous study of 16 to 30 years old childhood ALL survivors, the following results were obtained: the 

cardiovascular risk factor status was equally poor in ALL survivors and age and sex-matched controls. Insufficient 

physical activity was alarmingly common in ALL survivors as one third of the ALL survivors reported less than one 

hour of moderate activity weekly. Physical fitness was lower in ALL survivors compared with the controls, and 

especially female survivors performed poorly. Endothelial function was attenuated in ALL survivors compared to 

the controls, and this was seen especially in males. Subclinical attenuations in cardiac function were found in ALL 

survivors compared to controls with both tissue Doppler imaging and velocity vector imaging echocardiographic 

methods. The exercise program improved insulin sensitivity, fitness and endothelial function as well as 

echocardiographic tissue Doppler imaging and velocity vector imaging measures.  

 

Despite the rather similar cardiovascular disease risk factors status in ALL survivors and controls, the number of 

survivors who already had at least one established cardiovascular risk factor (62 %) at this young age underlines the 

importance of cardiovascular risk factor status in this population, as their risk for cardiovascular morbidity and 

mortality may also be increased due to the independent effects of sedentary lifestyle and anthracycline treatment on 

e.g. vascular endothelium. Insufficient physical activity and poor physical fitness were alarmingly common 

especially among female survivors. While the present findings on the effects of exercise on endothelium are 

encouraging, larger studies with controlled interventions would be needed to further clarify the somewhat different 

findings on endothelium in males and females. In addition, controlled interventions would be needed to confirm 

whether the effect of exercise on endothelium is equal in ALL survivors and controls.
37 

Large study of clinically 

evaluated ALL survivors recognized a high prevalence of metabolic syndrome, obesity and cardiovascular disease, 

particularly in those who have received cranial radiotherapy, underscoring the need for screening and aggressive 

reduction of modifiable risks.
38  

 

Some researchers found significant association between energy expenditure and body fat in prophylactic cranial 

irradiation recipients specially in female patients, so the most of survivors of ALL are overweight and this became 

worsen with increasing length of follow up. 
39 

 
 

It is found that prophylactic 18 Gy cranial irradiation plus chemotherapy for childhood ALL can effectively prevent 

central nervous system relapse and is unlikely to produce clinically significant late effects, despite it may cause 

slight pituitary hormone abnormality.
40 

Previous study revealed that many factors can lead to several side effects 

including, direct cardiac damage, obesity, endocrine dysfunction, metabolic abnormalities, reduced muscle strength, 

poor sensation and impaired balance. All these previous factors also probably contribute to the high rates of poor 

cardiac fitness observed among ALL survivors.
19

 In addition, other study revealed that the CNS can also be damage 

due to treatment of childhood ALL, which contributes to decreasing in cognitive function. As a result of 

neurocognitive deficits in survivors, important life outcomes have been affected in the form of lower educational 

achievement, unemployment, lower likelihood of marrying and lack of independent living. This problem occurred 

for not only children who were received cranial radiation, but also for children who treated only with 

chemotherapy.
19 
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Conclusion:- 
Childhood ALL is more prevalence in developed than in developing countries. Possible explanations include under-

diagnosis of leukemia in children from poor communities, and/or association of high socioeconomic status with 

hypothesized risk factors. The risk factors of childhood ALL are environmental and genetic factors. They include 

sex, age, race, exposure to ionizing radiation, and some congenital diseases, like Down syndrome and 

neurofibromatosis. Also, exposure to magnetic fields  0.4 micro Tessla, pesticides, solvents, benzene, maternal 

alcohol consumption, contaminated drinking water, infections, and high birth weight. There are higher frequencies 

of ETV6-RUNX1 positive childhood ALL mostly in more industrialized countries, probably due to some industrial 

pollutants or westernized lifestyle. There are multiple new treatments that might improve the overall response of 

those children. These include new antimetabolites and nucleoside analogues, changing the formulations of known 

chemotherapeutic agents, molecular therapies targeting the leukemic cells genetic composition and their affected 

signaling pathways as well as monoclonal antibodies against leukemia-associated antigens. The late effects of ALL 

treatment include increasing of cardiovascular morbidity and mortality, pituitary hormone abnormality, obesity, 

metabolic abnormalities, poor physical fitness, impaired balance, poor sensation and neurocognitive impairment.  
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Figure 1:-Proposed Sequential Acquisition of Genetic Alterations Contributing to the Pathogenesis and Relapse of 

ALL. As shown in Panel A, either common inherited variants or, rarely, deleterious germline mutations confer a 

predisposition to ALL. Initiating lesions, commonly translocations, are acquired in a lymphoid progenitor. 

Secondary sequence mutations and structural genetic alterations contribute to an arrest in lymphoid development 

and perturbation of multiple cellular pathways, resulting in clinically manifest leukemia. PI3K denotes 

phosphatidylinositol 3-kinase. As shown in Panel B, ALL is commonly genetically polyclonal at diagnosis. Initial 

therapy suppresses or eliminates more proliferative predominant clones, leaving subclones that harbor or acquire 

mutations that confer resistance to specific chemotherapeutic agents. Less commonly, relapse clones share no 

genetic alterations with diagnosis clones and probably are a second leukemia in persons with a genetic 

predisposition.
41

  

 

Table 1:-Recently approved agents in ALL  

Study  Dose schedule (daily x 

5 days)  

Number of 

patients  

CR* (%)  OR‡ (%)  Refs  

Clofarabine (CLOLAR; Genzyme)§  

Phase I Pediatric  11.25–70 mg per m2  17  4 (24)  8 (47)  49  

Phase II Pediatric  52mgperm2  61  12 (20)  18 (30)  50  

Nelarabine (Arranon; GlaxoSmithKline) — in patients with T-cell ALL only¶  

Phase I Pediatric  5–75 mg per kg  26  7 (27)  11 (42)  54  

Phase II Pediatrics  (1st relapse)     55  

900 mg per m2  6  2 (33)  2 (33)   

650 mg per m2  33  16 (48)  18 (55)   

Phase II Pediatrics  (2nd relapse)     55  

≥900mgperm2  10  3 (30)  3 (30)   

650 mg per m2  30  7 (23)  8 (27)   

Phase II Pediatrics  Central nervous system 

positive  

   55  

900 mg per m2  1  0  0   

650 mg per m2  6  1 (17)  1 (17)   

400 mg per m2  21  5 (24)  7 (33)   
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*Complete remission (CR) refers to marrow remission irrespective of peripheral blood-count recovery in all studies. 

‡Overall response (OR) refers to complete and partial remissions. §Associated with hepatic-skin toxicity. 

¶Associated with neurotoxicity.
32
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