ACUTE LYMPHOBLASTIC LEUKEMIA

Definition

· Acute lymphoblastic leukemia (ALL) is a malignant (clonal) disease of the bone marrow in which early lymphoid precursors proliferate and replace the normal hematopoietic cells of the marrow.
Classification 

Histologic Findings
· According to the French-American-British (FAB) classification system, acute lymphoblastic leukemia is classified into 3 groups based on morphology.

· L1: Cells are usually small, with scant cytoplasm and inconspicuous nucleoli. L1 accounts for 85% of all cases of childhood acute lymphoblastic leukemia. 

· L2: Cells are larger than in L1. The cells demonstrate considerable heterogeneity in size, with prominent nucleoli, and abundant cytoplasm. L2 accounts for 14% of all childhood ALL. 

· L3: Cells are large and notable for their deep cytoplasmic basophilia. They frequently have prominent cytoplasmic vacuolation and are morphologically identical to Burkitt lymphoma cells. L3 accounts for 1% of childhood acute lymphoblastic leukemia cases.

Epidemiology:

· Acute lymphoblastic leukemia (ALL) is the most common type of leukemia in children
· Acute lymphoblastic leukemia (ALL) is the most common malignancy of childhood, representing nearly one third of all pediatric cancers with a peak incidence in patients aged 2-5 years. 

· Acute lymphoblastic leukemia (ALL) is five times more common than acute myeloid leukemia (AML)
· United States has an incidence of 2.8 cases per 100,000
· International: The highest incidence of acute lymphoblastic leukemia (ALL) occurs in Italy, the United States, Switzerland, and Costa Rica.

· Race: ALL occurs more frequently in whites than in black. 
· Sex: ALL occurs slightly more frequently in males than in females.

Risk factors
· Environmental factors 
· Exposure to ionizing radiation 
· Exposure to electromagnetic fields
· Parental use of alcohol and tobacco
· Inherited genetic syndromes
· Down syndrome 
· Bloom syndrome 
· Fanconi anemia 
· Acute lymphoblastic leukemia may also occur in children with various congenital immunodeficiencies (i.e. Wiskott-Aldrich syndrome, congenital hypogammaglobulinemia, ataxia-telangiectasia) that have an increased predisposition to develop lymphoid malignancies.
· Siblings, especially twins, of children with leukemia 
· Hereditary or acquired mutations in the p53 gene
Pathophysiology: 

· The malignant cells of acute lymphoblastic leukemia (ALL) are lymphoid precursor cells (i.e. lymphoblasts) that are arrested in an early stage of development. 
· This arrest is caused by an abnormal expression of genes, often as a result of chromosomal translocations. 
· In ALL, a lymphoid progenitor cell becomes genetically altered and subsequently undergoes dysregulated proliferation and clonal expansion. 

· The lymphoblasts replace the normal marrow elements, resulting in a marked decrease in the production of normal blood cells. 
· Consequently, anemia, thrombocytopenia, and neutropenia occur to varying degrees. 
· The lymphoblasts also proliferate in organs other than the marrow, particularly the liver, spleen, and lymph nodes
Clinical features:
History:

· Children with acute lymphoblastic leukemia (ALL) generally present with signs and symptoms that reflect bone marrow infiltration and extramedullary disease. 

· Because leukemic blasts replace the bone marrow, patients present with signs of bone marrow failure, including anemia, thrombocytopenia, and neutropenia. 

· Clinical manifestations include fatigue and pallor, petechiae and bleeding, and fever. 

· In addition, leukemic spread may manifest as lymphadenopathy and hepatosplenomegaly. 

· Other signs and symptoms of leukemia include weight loss, bone pain, and dyspnea
· Bone pain, particularly affecting the long bones, and caused by leukemic involvement of the periosteum, is a presenting symptom in 21 to 38 percent of cases of acute leukemia 
· Bone pain also may be caused by aseptic osteonecrosis because of bone marrow involvement with ALL
· Young children with such pain may present with limp or refusal to bear weight
· Signs or symptoms of CNS involvement, even when it occurs, are rarely observed at the time of the initial diagnosis. 

· The signs and symptoms include headache, nausea and vomiting, lethargy, irritability, nuchal rigidity, and papilledema. 

· Cranial nerve involvement, which most frequently involves the seventh, third, fourth, and sixth cranial nerves, may occur. 

· Also, leukemia can present as an intracranial or spinal mass, which causes numerous neurologic symptoms, most of which are due to nerve compression

· Testicular involvement at diagnosis is rare. 

· However, if present, it appears as painless testicular enlargement and is most often unilateral
Physical examination

· Patients present with pallor caused by anemia and petechiae and bruising secondary to thrombocytopenia. 
· They also have signs of infection because of neutropenia. 

· In addition, leukemic spread may be seen as lymphadenopathy and hepatosplenomegaly

· Lymphadenopathy: Approximately 50 percent of children with ALL present with lymphadenopathy, which is one of the indications of extramedullary leukemic spread 
· As a general rule, a lymph node is considered enlarged if it is >10 mm in its greatest diameter. 
· Exceptions to this rule include epitrochlear nodes, which are considered enlarged if they are >5 mm, and inguinal nodes, which are considered enlarged if they are >15 mm in greatest diameter.

· Lymphadenopathy associated with malignancy usually is nontender, firm, rubbery, and matted.
· In male patients, testicular examination is necessary to look for testicular involvement of leukemia
Summary 

· The "4 Ps," a tetrad comprises the most common presenting symptoms.
1. Pallor (65% of cases), 

2. Pyrexia (61% of cases), 

3. Purpura (48% of cases),  

4. Pain (23% of cases), 
Investigations 
Laboratory features

· The initial laboratory evaluation should include a complete blood count with manual differential, PT, PTT, electrolytes, uric acid, and renal and liver function tests.
· Peripheral blood abnormalities: Most children with ALL have anemia and/or thrombocytopenia with either normal or depressed WBC counts and lymphoblasts on peripheral smear 
· Approximately 50 percent of children have WBC counts <10,000/microL, and 20 percent have an initial leukocyte count >50,000/microL 
· Approximately one-half of children with ALL present with bleeding (including petechiae and purpura) and three-quarters have a platelet count <100,000/microL at the time of diagnosis
· Several abnormalities, including hepatic dysfunction, coagulation abnormalities, hypercalcemia, hypocalcemia, hyperkalemia, and hyperphosphatemia, may be noted
· Renal dysfunction can occur among patients with hyperuricemia

· Serum lactate dehydrogenase level frequently is elevated

· Hypercalcemia is commonly thought to result from extensive leukemic infiltration of bone. 

· It also has been found that leukemic lymphoblasts may release a parathormone-like substance

· Hyperphosphatemia can accompany the extensive destruction of tumor cells.

· Hyperkalemia can be caused by extensive leukemic cell lysis
Procedures

· Bone marrow aspirate and biopsy: Definitive diagnosis, however, usually requires examination of the bone marrow. 

· The results confirm the diagnosis of acute lymphoblastic leukemia. 

· In addition, special stains (immunohistochemistry), immunophenotyping, cytogenetic analysis, and molecular analysis help in classifying each case

· The posterior iliac crest is the preferred site for marrow aspiration in the care of children.
· In ALL, the marrow usually is hypercellular and infiltrated with leukemic lymphoblasts.
· Lumbar puncture with cytospin morphologic analysis: These tests are performed before systemic chemotherapy is administered to assess for CNS involvement and to administer intrathecal chemotherapy

· The diagnosis of CNS leukemia is made by means of evaluation of cerebrospinal fluid (CSF) obtained through lumbar puncture. 

· Cerebrospinal fluid findings at diagnosis in children with ALL are classified into three groups:
1. CNS 0, in which there are fewer than 5 leukocytes per microliter of CSF and no blasts; 
2. CNS 2, in which there are fewer than 5 leukocytes per microliter of CSF but blasts are present; and 
3. CNS 3, in which there are more than 5 leukocytes per microliter of CSF and blasts are present.
Imaging Studies

· Chest radiography: Evaluate for a mediastinal mass

· Testicular ultrasonography: Perform testicular ultrasonography if the testes are enlarged upon physical examination

· Renal ultrasonography: Some clinicians prefer to evaluate for leukemic kidney involvement to assess the risk of tumor lysis syndrome

· Echocardiography and ECG: Obtain an echocardiogram and an ECG before anthracyclines are administered
Differential diagnosis

· Acute Myelocytic Leukemia
· Anemia, Acute
· Anemia, Fanconi
· Juvenile rheumatoid arthritis 

· Osteomyelitis

· Idiopathic thrombocytopenic purpura

· Non-Hodgkin Lymphoma
· Aplastic anemia

· Acute infectious lymphocytosis

· Neuroblastoma
· Retinoblastoma
· Rhabdomyosarcoma
· Ewing's sarcoma 
Treatment: 
Supportive
· There are 10 elements of supportive  care
1. Counselling

· Ensure that the patient's parents and guardians have a reasonable understanding of the expected adverse effects of each medication
· Disclose diagnosis to parents and children > 12 y, Cause of disease, Prognosis and What pt/parents can do, Treatment plan , incl possible operation, Duration treatment and Adverse effects drugs

2. Pain management 

· Mild pain: paracetamol & brufen

· Moderate pain: tramal

· Severe pain: morfine

3. Stabilization

· Electrolytes imbalance & dehydration: For patients with a high tumor burden, correction of any metabolic imbalances such as hyperuricemia.
· It also includes; nutritional status, wound care treat infection and deworming
4. Nutrition

· Many children with cancer are malnourished

· Weight loss due to illness itself and reduced appetite

· Underweight children more sensitive to side effects of drugs

· More adverse outcome 

· Energy rich feeds incl vitamins and minerals

· Aim at 135 % of basic caloric intake

· Consider additional tube feeding 

· NG tube feeds at night will  improve nutritional status and outcome of treatment
5. Transfusion management/anaemia
· At the time of diagnosis, patients with ALL commonly require transfusion support
· Erytrocyt transfusion  (10-15 ml/kg) With Hb < 8 mg/dl
· Hemorrhage in children with ALL usually is caused by thrombocytopenia. 
· Treatment or prevention of such bleeding is provided by transfusion of platelets
6. Anti-emetics

· Anti-emetics to be given to prevent nausea and vomiting

· To start 30 minutes before the initial dose to prevent psychogenic nausea

· Choice of drugs depends on emetogenicity of drugs used

· Frequency depends on presence of acute emesis (one dose only) and/or delayed emesis >24h after chemotherapy

7. Tumor lysis syndrome

· Caused by rapid tumor cell turnover especially with large tumor load as in ALL, NHL

· Features: Hyperuricaemia, Hyperkalaemia, Hyperphosphataemia, Hypocalcaemia and Acute renal failure
· Prophylactic regimens to prevent uric acid nephropathy in children with ALL include the administration of medications to reduce the production of uric acid (allopurinol, uricase) or increase its excretion (intravenous fluids, diuretics).
· Sodium bicarbonate is added to the IV fluid to achieve moderate alkalinization of the urine (pH level, 7.5-8) to enhance the excretion of phosphate and uric acid
· Hemodialysis may be necessary to remove excess circulating uric acid and phosphate in patients who develop acute renal failure and in whom adequate diuresis cannot be achieved.
· A rare patient may require leukapheresis or exchange transfusion to control extreme leukocytosis.
8. Infection prevention

· Isolation

· Handwashing/hand sanitizer

· Contact prevention

· Food restriction

· Oral hygiene: Cleaning of mouth after every meal and use of soft tooth brush twice daily, Antiseptic like chlorhexidene 0.2%
· Mouth care: Patients should swish and spit with an antimicrobial, such as chlorhexidine (Peridex) or antibacterial enzymatic mouthwash (Biotene), 4 times a day
· Pneumocystis carinii prophylaxis: All patients should be on TMP-SMZ to prevent Pneumocystis carinii pneumonia (PCP).
· Cotrimoxazole 15+3 mg/kg OD from 3rd week of Rx

· Immunizations: Varicella vaccine, Influenza vaccine
9. Neutropenia

· Children with newly diagnosed ALL may be neutropenic at the time of diagnosis or may develop neutropenia because of chemotherapy therapy. 
· Neutropenic children are more susceptible to development of systemic bacterial, fungal, and viral infections (e.g. varicella-zoster, herpes simplex virus)
· Treatment of suspected or proven infections with broad-spectrum antibiotics
· These drugs are given to prevent infection in patients receiving chemotherapy
· Febrile neutropenia:
Check pt for focus of infection, Cultures blood, urine, IV antibiotics, 48 h no response: change AB 72 h no response: add antifungal
· No fever: Oral antibiotic eg amoxyclavulenic acid, ciprofloxacin, Mouth care with antifungal, Close observation
10. Palliative care
· Majority paed oncology patients receive palliative chemotherapy

· Counselling 

· Symptom control esp pain management

· No dietary restrictions

· Home surrounding mostly preferred

Definitive:

· For most children and adolescents with ALL, treatment protocols are divided into four principal elements: 
1. Induction therapy 
· In most clinical trials, remission induction regimens include the use of vincristine and a glucocorticoid (prednisone, prednisolone, or dexamethasone) with the addition of one or two agents, commonly L-asparaginase or an anthracycline (e.g. doxorubicin or daunorubicin). 

· Three-drug regimens for patients with standard-risk ALL and four-drug regimens for those at high risk are common practice.

· With such therapies, after 4 weeks of treatment, the complete response rate is approximately 95%
· The percentage of lymphoblasts in the blood or bone marrow during and after completion of induction is one of the best predictors of outcome.
· Adverse effects:  Toxicity can result from the chemotherapeutic agents or from the rapid elimination of a large tumor burden (i.e. tumor lysis syndrome). 
· Life-threatening adverse effects of induction therapy include tumor lysis syndrome, thrombosis, bleeding, and infection
2. Intensification or consolidation therapy
· Consolidation or intensification therapy is the second phase of ALL treatment and is initiated soon after attainment of CR. 
· The goal of post-induction chemotherapy is to prevent leukemic regrowth, reduce residual tumor burden, and prevent the emergence of drug-resistance in the remaining leukemic cells.
· Consolidation therapy usually lasts from four to six months.
· It involves the introduction of new, non-cross-resistant drugs and drug combinations selected for different and often synergistic mechanisms of action to reduce the risk of emergence of drug resistance. 

· The agents most commonly used in these regimens include cytarabine, anthracyclines, methotrexate, cyclophosphamide, and epipodophyllotoxins
· Consolidation or intensification therapy usually is completed within the first 6 to 12 months after induction.

3. Continuation or maintenance therapy
· Thereafter the patient receives maintenance therapy for an additional 18 to 24 months. 
· The most common maintenance therapy programs involve daily oral 6-mercaptopurine and weekly methotrexate given orally or intramuscularly

· Many maintenance regimens incorporate periodic pulses of additional agents such as vincristine and a glucocorticoid. 

· In the care of patients at high risk, more intensive combinations can be included.
· During maintenance therapy, patients remain at risk for infection. 
· Fever in children who are receiving chemotherapy must be evaluated and treated aggressively, especially if the patient is either neutropenic or has a central venous access device.
4. CNS preventive therapy
· For most patients with ALL, in the context of modern systemic therapy, a series of lumbar punctures with single-agent intrathecal therapy with methotrexate is effective at reducing the occurrence of CNS leukemia to less than 10% overall and less than 5% among patients at standard risk. 

· Other effective intrathecal therapy regimens for ALL entail methotrexate combined with cytarabine or a glucocorticoid.
· Central nervous system preventive therapy begins during the induction phase and continues through the entire treatment program, usually decreasing in frequency with time.

