Acute and Chronic Leukaemia
     Leukaemia is a disease of the retic​uloendothelial system and is characterized by production of excessive number of abnormal WBCs. The leukemia may be classified as either acute or chronic on the basis of how the patient's life expectancy and on how quickly they initially become unwell.
	Four major kinds of leukemia

	Cell type
	Acute
	Chronic

	Lymphocytic leukemia
(or "lymphoblastic")
	Acute lymphoblastic leukemia
(ALL)
	Chronic lymphocytic leukemia
(CLL)

	Myelogenous leukemia
("myeloid" or "nonlymphocytic")
	Acute myelogenous leukemia
(AML or myeloblastic)
	Chronic myelogenous leukemia
(CML)
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                                    Figure 1: Hematopoiesis (1)
Note: The adjectives myeloid and lymphoid refer to the cell of origin. And the ‎suffix –Cytic refer to mature cells while blastic refer to immature cells.‎
Incidence:
1-CLL is the most common form of chronic leukemia and it mainly affects an older age groups and it occurs rarely in young people.

2-CML is primarily disease of middle age group but it can occurs in younger people.

3-AML is the more common form of acute leukemias (about 75% of acute leukemias), and it occur rarely in young children.

4-In contrast, ALL is predominantly a childhood disease with peak incidence in 3-5 years age group.
Acute Leukemias
    The acute leukemias are hematologic malignancies of bone marrow precursors characterized by excessive production of immature hematopoietic cells. 
This proliferation results in a large number of immature cells (blasts) appearing in the peripheral blood and bone marrow causing failure of normal hematopoiesis.

 Acute leukemias are classified according to their cell of origin. Acute lymphoblastic leukemia (ALL) arises from the lymphoid line) or acute myeloblastic leukemia (AML) arises from the myeloid line.
Etiology
The cause of the acute leukemias is unknown; however, epidemiologic studies have identified a number of risk factors for leukemia. These include:
1-Drugs: Alkylating agents.         
2-Chemical: Benzene.          
3-Radiation.    

4-Genetic Conditions: increased incidence in patient with Down’s syndrome...      
5- Virus: Epstein-Barr virus 
6- Social Habits: Cigarette smoking, maternal ethanol use... 
Pathophysiology:
· In acute leukemia, the bone marrow is replaced by malignant clone of immature blast cells derived from myeloid line (AML) or from lymphoid line (ALL).
· More than 30% of the cellular elements of bone marrow are replaced with blasts. This is usually associated with appearance of blasts in the peripheral circulation accompanied with worsening pancytopenia as a results of reduced ability of bone marrow to produce normal WBCs.
· In ALL the blasts may infiltrate lymph nodes and other tissues such as liver, spleen, testis, and meninges in particular. In AML blasts tend to infiltrate the skin, gums, liver and spleen. 
Classifications:
  Both ML and ALL are further subdivided as in table 1 and 2      
	Table 1  Morphologic Classification of Acute Myelogenous Leukemia

	Table 2 : Classification of ALL  

	M0 Acute myeloblastic leukemia, without maturation

M1 Acute myeloblastic leukemia with minimal maturation

M2 Acute myeloblastic with maturation

M3 Acute promyelocytic leukemia

M4 Acute myelomonocytic leukemia

M5a Acute monoblastic leukemia, poorly differentiated

M5b Acute monoblastic leukemia, well differentiated

M6 Acute erythroleukemia

M7 Acute megakaryoblastic leukemia
	1-Common ALL 
( Possessing the common ALL antigen (c-ALL)  ) 

2-T-cell type ( T-ALL  ) 

3-B-cell type ( B-ALL ) 

4- Null ( Non-B, non- T and lacking c-ALL )




Clinical features
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Clinical features of acute leukaemia are related to bone marrow failure and the effects of infiltration of organs:
A-Bone marrow failure Presenting symptoms because of bone marrow failure include: 

1-Progressive weakness, lethargy and pallor due to anaemia. (These are the most common clinical features of acute leukaemia.) 

2-Fever, malaise and mouth, throat, skin, respiratory and perianal infections because of neutropenia.

 The most common pathogens are gram-negative bacteria (E. coli, Klebsiella, and Pseudomonas) or fungi (Candida, Aspergillus). Common presentations include cellulitis, pneumonia, and perirectal infections; death within a few hours may occur if treatment with appropriate antibiotics is delayed
3-Spontaneous bruises, purpura, bleeding gums, menorrhagia, prolonged nose bleeds and bleeding from venepuncture sites because of thrombocytopenia.
B-Organ filtration Presenting symptoms because of organ infiltration include: 

1-Tender bones, especially in childhood ALL 

2-Superficial lymphadenopathy in ALL 

3-Abdominal distension due to abdominal lymphadenopathy and hepatospleno​megaly 

4-Gum hypertrophy and skin infiltration-in the (M4) and (M5) types.
5-Meningeal symptoms, particularly in ALL - headache, nausea and vomiting, blurring of vision and diplopia. 

Investigations:
A-Hematological investigations may reveal 
-A normochromic normocytic anaemia. 

-A total white cell count that can be decreased, normal or increased up to 200 X 109/L or more. However, the dif​ferential white cell count is often abnormal, with neutropenia and the presence of blasts 

-Thrombocytopenia in most cases.
B-Biochemical screening is particularly important if the leucocyte (white blood cell) count is high, when there may be evidence of renal impairment and hyperuricaemia . Other investigations should also be carried to confirm acute leukaemia and its type .
C-Bone marrow aspiration Bone marrow aspiration is essential to confirm acute leukaemia. It is usually hypercellular with a marked proliferation of leukaemic blast cells (3). 
D-Chest radiography The chest should be x-​rayed in order to exclude the presence of mediastinal mass, which is present in up to 70% of patients with T-cell ALL. 

E-Lumbar puncture a lumbar puncture will detect leukaemic cells in the cerebrospinal fluid, indicating involvement of the central nervous system.

Treatment
Most forms of leukemia are treated with pharmaceutical medication, typically combined into a multi-drug chemotherapy regimen. Some are also treated with radiation therapy. In some cases, a bone marrow transplant is effective.
Desired Outcome

The primary objective in treating patients with acute leukemia is to achieve a complete and continuous remission (CCR).Remission is defined as the absence of all clinical evidence of leukemia with the restoration of normal hematopoiesis.
	Table 3 Example of treatment protocol for ALL  

	Induction (4 weeks )

Vincristine (i.v.): weekly for 4 weeks 
Daunorubicin (i.v.) : daily for 2 days 
Prednisolone (oral) : daily for 4 weeks
L-asparaginase (i.m.) : 3 x  weekly for 3 weeks

	Intensification (1 weeks )

Vincristine (i.v.): 1 dose  
Daunorubicin (i.v.) : daily for 2 days 
Prednisolone (oral) : daily for 5 days 
Cytarabine (i.v.) : 2 x daily for 5 days 
Etoposide (i.v.) : daily for 5 days
Thioguanine(oral ) : daily for 5 days

	CNS prophylaxis (3 weeks ):

cranial irradiation 

intrathecal methotrexate : weekly  for 3 weeks also given during induction and intensification

	Maintenance (2 years ):

Methotrexate (oral ) : weekly 

Vincristine (i.v.): monthly.  
Prednisolone (oral) : 5 days / months  
6-marcaptopurine (oral): daily.  


Pharmacologic Therapy

Before starting treatment following need to be considered:
1-Correction of anemia and thrombocytopenia by administration of blood and platelets.

2-Treatment of infection with I.V Antibiotics.
3-Prevention of acute tumor lysis syndrome (ATLS) with adequate hydration and allopurinol. ATLS results from a massive release of cellular breakdown products consequent upon tumor cell death following effective chemotherapy. The biochemical disturbances include: hyperkalaemia, hyperuricaemia, hyperphosphataemia, and hypocalcaemia (due to precipitation of calcium phosphate).
A-Acute Lymphoblastic Leukemia (ALL) 
 The treatment for ALL consists of three main elements: 

1-remission induction, 

2-intensification (consolidation), and 

3-continuation (maintenance) phases of treatment

Remission induction. In this phase, the bulk of the tumour is destroyed by combination chemotherapy. The patient goes through a period of severe bone marrow hypoplasia, requiring intensive support and care from specially trained medical and nursing staff.
Remission consolidation. If remission has been achieved by induction therapy, residual disease is attacked by therapy during the consolidation phase. This consists of a number of courses of chemotherapy, again resulting in periods of marrow hypoplasia. 
Remission maintenance. If the patient is still in remission after the consolidation phase for acute lymphoblastic leukaemia, a period of maintenance therapy is given, consisting of a repeating cycle of drug administration. This may extend for up to 3 years if relapse does not occur and is usually given on an outpatient basis. Thereafter, specific therapy is discontinued and the patient observed. (This maintenance phase is not thought to be of benefit in most patients with AML who have been brought into complete remission by induction and consolidation therapy) 
Central Nervous System Prophylaxis

    CNS prophylaxis is necessary in any treatment regimen for ALL. The justification for CNS prophylaxis is based on two clinical findings: 
First: many chemotherapeutic agents do not cross the blood-brain barrier easily.
Second: the CNS is a frequent sanctuary for leukemia, and undetectable leukemic cells are present in the CNS in many patients at the time of diagnosis.
 CNS prophylaxis can be achieved by: cranial irradiation + intrathecal methotrexate) or high dose systemic methotrexate.
B-Treatment: Acute Myelogenous Leukemia

As with ALL, the primary aim in treating patients with AML is to induce remission and thereafter prevent relapse. Treatment of AML is conventionally divided into two phases: induction and consolidation (also called post remission).
All AML subtypes (M0-M7) are treated simi​larly except for acute promyelocytic leukaemia (AML M3) which is discussed below.
There is generally no role for maintenance therapy in AML. Similarly CNS prophylaxis is not routinely indicated except in patients with high risk for CNS disease such as those with testicular disease or sinus involvement.   

Remission Induction

The goal of induction chemotherapy in AML is essentially identical to that in ALL: “Empty” the bone marrow of all hematopoietic precursors, and allow repopulation with normal cells. 
The combination of an anthracycline (e.g., daunorubicin, doxorubicin, or idarubicin) and the antimetabolite cytarabine forms the backbone of AML induction therapy. 
The most common induction regimen (7 + 3):
Daunorubicin is given as an I.V. bolus injection for 3 consecutive days. 
Cytarabine is given as a continuous intravenous infusion for 7 days. Both drugs are started on the same day 

Postremission Therapy

    Once an initial remission is achieved, further intensive therapy is imperative to prevent relapse. Induction therapy fails to provide adequate cell kill, and leukemia cells survive the initial treatment. Three options available for patients include   :

1-High-dose chemotherapy.

2-Allogeneic bone marrow transplantation from an HLA-matched related or unrelated donor.

3-Autologous bone marrow transplantation. 
Note: bone marrow transplantation is also called haematopoietic stem cell transplantation (HSCT). 
1-High-dose chemotherapy
 Consolidation is given with at least one additional cycle of chemotherapy. Typically It involve therapy with high dose cytarabine and daunorubicin or amsacrine.

2- Allogeneic bone marrow transplantation from an HLA-matched related or unrelated donor.

     HLA is human leucocyte antigen, cell surface glycoprotein, which is known to play a major role in transplant rejection. When two people share the same HLA they are said to be a "match", that is, their tissues are immunological​ly compatible with each other. A brother or sister has a one-in-four chance of being a match.
     In HSCT, very high doses of chemotherapy with or without total-body radiation are given in an attempt to kill all leukemia cell. Hematopoiesis is restored by the infusion of stem cells harvested from an HLA-compatible donor.
    Transplantation is the most effective antileukemic therapy currently available. This potential benefit of Allogeneic HSCT can be offset by the risk of posttransplant complications such as graft versus-host disease (GVHD).
GVHD is a syndrome in which T-lymphocyte of the donor infiltrate the skin, gut and liver, causing rash, diarrhea and liver necrosis. It occurs in about 30-50% of patients and is potentially fatal in some cases.
Complications from transplantation increase with age; therefore, patients older than 60 years of age are uncommonly considered to receive an allogeneic HSCT. Since the average age of AML patients is 65 years, it is obvious that most patients with this disease are not candidates for this form of therapy.
3-Autologous bone marrow transplantation.

 In this procedure, the stem cells are collected from the same patient and then returned following high –dose chemotherapy.
Compared to Allogeneic HSCT, Autologous HSCT, has the advantage of a lower risk of posttransplant complications because of lack of GVHD. However Autologous HSCT is associated with higher incidences of relapse because of tumor contamination with autologous stem cells.
Treatment of Relapsed Leukemias

     Relapse is the recurrence of leukemic cells at any site after remission has been achieved. Most relapses occur during treatment or within the first 2 years of its completion. 

 In either ALL or AML, the duration of the second remission depends on the duration of the first remission. Once a patient has obtained a second remission with a second course of conventional chemotherapy, allogeneic HSCT is the therapy of choice. 
Treatment of Acute Promyelocytic leukemia (APL:  M3):
        Patients with acute promyelocytic leukemia should be treated with anthracyclines plus all-trans-retinoic acid (ATRA). During induction and post-remission therapy as well as for maintenance therapy (Unlike other subtypes of AML, the role of maintenance therapy is well defined in APL).
 ATRA induces differentiation of the leukemic cells and may improve outcome.
       The major toxicity of ATRA is a poten​tially fatal syndrome occurring in about 25 % of patients and characterized by fever and leakage of fluid into the extravas​cular space producing fluid retention, effusions, dyspnea and hypotension.
Chronic Leukemia
   Chronic leukemia consists of a number of disorders, including chronic myeloid leukemia (CML) (also called chronic myelogenous leukemia, chronic myelocytic leukemia) and chronic lymphocytic leukemia (CLL).
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Chronic Myeloid Leukemia 
· CML is a hematologic cancer that results from an abnormal proliferation of an early myeloid progenitor cell. Several cell lines may be affected, including myeloid, erythroid, megakaryocyte, and rarely, lymphoid lineages.

· Epidemiology and Etiology

The incidence of CML increases with age, with the median age of diagnosis in the fifth decade of life. In most newly diagnosed cases, the etiology cannot be determined, but high doses of ionizing radiation and exposure to solvents such as benzene are recognized risk factors .

· Pathophysiology

CML was the first cancer to be associated with chromosomal abnormality:  

The Philadelphia chromosome (Ph), named for the city in which it was identified. This abnormality results in the over-activation of the enzyme Tyrosine kinase, which imparts the ability of cells containing this abnormality to hyperproliferate. Eventually, these cells are released into the periphery as differentiated leukemic white blood cells .

Clinical manifestations:

  Patient with CML commonly presented with non-specific symptoms such as malaise, weight loss and night sweat. The main physical sign is enlarged spleen that may give rise abdominal discomfort.
Hepatomegaly is present in about 40% of patients. Neutropenia and thrombocytopenia are uncommon at presentation. Thus unlike acute leukemia, patients with CML rarely present with symptoms of infection or hemorrhage . 

CML is a Triphasic disease: 

1-The chronic phase (CP) of CML represents an early phase with a lower level of myeloproliferation compared to advanced stages (3). These cells remain functional in chronic-phase CML, which is why patients in this phase are at low risk for developing infectious Complications (1).

2-An accelerated phase eventually occur when the disease become more aggressive with progressively worsening symptoms: Unexplained fever, bone pain , anemia, thrombocytopenia or Thrombocytosis.

3-Finally after a period of weeks or months, the patient will transform to the third phase: a blast crisis, which resembling acute leukemia.  

Table 1 Clinical Course of CML.
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Chemotherapy can be used to control CML in the chronic phase, allowing the patient to be in near-normal lives, but as the disease progresses, the cancer may no longer respond to treatment. Blast crisis resembles acute leukemia, and immediate aggressive treatment is required in the same manner as acute leukemia however, remission is rare and the median survival is less than 6 months (2).   

Laboratory Findings (1).
             A-Peripheral blood smear:  Leukocytosis, Anemia, Presence of blasts.
             B-Bone marrow:  Hypercellularity with presence of blasts, Presence of Ph.

Desired Outcome

The primary goal in the treatment of CML is to eradicate the Ph-positive clones. Elimination of the Ph is termed cytogenetic complete remission. An early goal of therapy is to achieve hematologic complete remission (or to normalize peripheral blood).

Nonpharmacologic Therapy

Allogeneic Stem Cell Transplantation

    Allogeneic stem cell transplantation is the only curative treatment option for CML. It is an option for younger patients (younger than 50 years of age) in chronic-phase CML who have an HLA-matched donor. There are significant risks associated with allogeneic transplantation, with a 10% to 20% early mortality (100 days).For those patients who do not achieve a complete remission or have a relapse after transplantation, the infusion of donor lymphocytes usually will place the patient back into remission .

Pharmacologic Therapy

A-Imatinib Mesylate (Gleevec®)
The treatment of CML has experienced a dramatic change since the introduction of imatinib. Imatinib mesylate (Gleevec®) is a tyrosine kinase inhibitor used as first-line therapy in the majority of patients with CML. As a potent tyrosine kinase inhibitor, imatinib inhibits phosphorylation of various proteins involved in cell proliferation.The drug induces complete hematologic responses in more than 95% of patients and complete cytogenetic responses in about 80% of patients in chronic phase . 

As expected in more aggressive disease, lower response rates are reported in the accelerated phase and blast crisis .

Therapy with imatinib generally is well tolerated. Common side effects include myelosuppression, rash, nausea, edema, fatigue, arthralgias,myalgias, and headaches. Imatinib is metabolized by cytochrome CYP3A4, and possible drug interactions include those agents which inhibit or induce CYP3A4, such as erythromycin, ketoconazole, and phenytoin.
B-Interferon-Alfa and Cytarabine 

Prior to the introduction of imatinib, the combination of interferon-alfa and low dose cytarabine was the nontransplant treatment of choice for patients in chronic phase CML.

The precise mechanism of action of interferon-alfa remains unknown. The addition of cytarabine to interferon-alfa improves the response compared with interferon alone. This combination produces response rates of 30% much lower than imatinib. One of the major drawbacks, in addition to the low response rates, is interferon’s toxicity, including flulike symptoms, depression, and thrombocytopenia.

Today, interferon-alfa and cytarabine remain an alternative therapy for patients who do not respond to imatinib and are not candidates for stem cell transplantation.
C-Conventional chemotherapy
 (Busulphan and hydroxyurea)
 These agents can be taken orally, are inexpensive, have reasonable side-effect profiles, and are able to rapidly normalize elevated WBC counts in chronic-phase CML. Although both agents produce predictable declines in WBC count and hematologic remissions in 70% to 80% of chronic-phase CML patients, busulfan and hydroxyurea have very little effect on Ph-positive cells in bone marrow. and, consequently, have little effect on disease progression
The main side effects of busulphan are myelotoxicity and marrow, hepatic and pulmonary fibrosis .There is also an increased risk of developing a secondary leukaemia. The main side effects of hydroxyurea are nausea, vomiting, diarrhoea and mucosal ulcers" Both busulphan and hydroxyurea are used in patients where interferon alfa (IFN-a), ima​tinib and Bone Marrow Transplantation are not treatment options.
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-Chronic lymphocytic leukemia CLL
CLL is a cancer that results in the accumulation of functionally incompetent lymphocytes. CLL is considered an indolent, incurable disease in which treatment should be initiated when patients have symptoms. However, some patients have aggressive disease and need to be treated with intensive therapy.
Epidemiology and Etiology 

CLL is the most common type of leukemia diagnosed in adults. Median age at diagnosis is the sixth decade. The etiology of CLL is unknown, but hereditary factors may have a role, with family members of CLL patients having a two- to sevenfold increased risk of CLL.

Pathophysiology

Cell of Origin:
CLL is characterized by small, relatively incompetent B lymphocytes that accumulate in the blood and bone marrow over time. 
Clinical manifestations:
 The majority of patients are asympto​matic when diagnosed. CLL is often diagnosed by chance. 
Symptoms presented may include:
• Fatigue, chills, bleeding, and lymphadenopathy 

• Chronic infections owing to immature lymphocytes 

• Organomegaly consisting of splenomegaly and Hepatomegaly 
Autoimmune conditions, such as autoimmune haemolytic anaemia, are common 

Laboratory Findings 
A-Peripheral blood: Leukocytosis, Anemia, Thrombocytopenia
B- Bone marrow: Must have at least 30% lymphocytes.

Pharmacologic Therapy

Desired Outcome

Since the current treatments for CLL are not curative, the primary goals in the treatment of CLL are to provide palliation (مخفف أو مسكن) of symptoms and to improve the quality of life. 
A-Single-Agent Chemotherapy 

Historically, chlorambucil (Leukeran®), an alkylating agent, was considered standard treatment for CLL.Today, fludarabine-based chemotherapy is used as first-line therapy for younger patients with CLL. 
Fludarabine is superior to chlorambucil in achieving higher response rates and producing a longer duration of response. 
      Fludarabine is associated with more toxicities than chlorambucil, including myelosuppression and prolonged immunosuppression. Resulting infectious complications may occur during the periods of prolonged immunosuppression. 

The ease of administration and limited side effects make chlorambucil a practical option for symptomatic elderly patients who require palliative therapy. 
Cyclophosphamide produces a similar response rate as chlorambucil (30% to 40%) and can be used in patients who have difficulty tolerating chlorambucil or in whom response is not optimal. Some patients refractory to chlorambucil will respond to cyclophosphamide. 
Cyclophosphamide is less commonly used because of its risk of hemorrhagic cystitis and bladder cancer with prolonged treatment.
Monoclonal Antibodies 

The most recent additions to therapy in CLL are the monoclonal antibodies directed against targets on lymphocytes.

Rituximab:

Rituximab is monoclonal antibody directed against (Targeting) the CD20 molecule on B lymphocytes (CD 20 is nomenclature for one of the leukocyte surface molecules). 
Similar to other B-cell malignancies, CLL expresses CD20 surface markers. Rituximab alone can induce partial responses. Combination therapies with rituximab result in higher complete responses than rituximab alone. 

Alemtuzumab (Campath®) 
Alemtuzumab is a monoclonal antibody directed against CD52. CD52 is expressed on the majority of B and T lymphocytes. Alemtuzumab is FDA approved as a single agent for the treatment of CLL in patients who have failed alkylating agents and fludarabine. It is being evaluated in combination with other CLL therapies. 

Since alemtuzumab also suppresses T cells, prolonged immunosuppression is a major toxicity
Combination Therapy
       Combination therapy may provide improvement in long-term disease-free survival. The combination of fludarabine, cyclophosphamide, and rituximab improves complete remission rates compared with fludarabine alone (70% versus 20%) but at the expense of increased infections. Combinations of fludarabine and alemtuzumab are also being investigated, with the hope of improving overall survival.
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