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Introduction
Leukemias are clonal hematological neoplasms which typically involve the peripheral blood and bone marrow.  They are divided clinically, based on the pace of disease,into acute and chronic types.  Additionally, they are separated biologically based on the cell lineage involved into lymphoid and myeloid subtypes.  These are all clonal hematopoietic neoplasms and are believed to derive from a single abnormal cell, the progeny of which repopulate the bone marrow and peripheral blood.  The growth of the neoplastic clone suppresses and replaces normal hematopoietic development and will with time cause significant decreases in normal red blood cells, white blood cells and platelets.  These latter events lead to symptoms related to loss of these normal cell types, i.e. fatigue, infections and bleeding.  A related disorder, referred to as myelodysplasia or preleukemia, has recently been described and is part of the spectrum of clonal hematological neoplasms.  This handout will discuss the acute leukemias, myelodysplastic syndromes, chronic lymphoid leukemias and myeloproliferative disorders.

Classification
The leukemias are broadly classified into acute and chronic varieties, with further subclassification into lymphoid and myeloid subtypes.  Acute leukemias are rapidly fatal disorders, which result in death if left untreated.  In contrast, patients with chronic leukemias frequently have an indolent course and may survive with minimal symptoms for many years.  The French‑American‑British cooperative group (FAB) proposed a classification of acute leukemia in 1976, with further modification in 1985.  Additionally, the same group has proposed classification of the chronic lymphoid leukemias in 1989.  Although these schemes are widely accepted, other proposals making use of recent advances in immunology, cytogenetics and molecular genetics have become popular.  Routinely, classification of the majority of these disorders utilizes a multi‑disciplinary approach to diagnosis.

Acute Lymphoblastic Leukemia (ALL)

ALL occurs in patients of all ages.  It is particularly common in children, with acute leukemia in general accounting for approximately a-2 of all pediatric malignancies.  In children, acute leukemia is 80% ALL and 20% acute myeloblastic leukemia (AML).  The opposite is true in adults, where 80% of acute leukemia is AML and 20% ALL.

The maximum incidence of ALL is in childhood between 2 and 6 years of age.  It typically presents with the abrupt onset of pallor, easy bruising, fatigue and bone pain.  These clinical features reflect varying degrees of marrow replacement and its effects, notably thrombocytopenia, anemia and expanding bone marrow.  As the disease progresses, infiltration of lymph nodes, liver, spleen, meninges and gonads may occur.  The diagnosis and classification of ALL require careful examination of the peripheral blood and bone marrow.  Additionally, ancillary studies such as cytochemistry, immunophenotypic analysis by flow cytometry, cell kinetic, cytogenetic and gene rearrangement analysis are frequently used to help establish a definitive diagnosis.  The classification of ALL is outlined in Table 1.  Primitive lymphoid cells, called lymphoblasts, may be seen in the peripheral blood smear and the diagnosis confirmed by bone marrow aspiration, which shows that the marrow is largely replaced by these same cells.  Cytochemical studies and immunophenotyping are used to establish that the blast cells are of lymphoid lineage and belong to either the B, T or uncommitted cell lineages.  


The majority of pediatric ALL cases are of precursor B cell type.  The development of effective treatment strategies for ALL has allowed the identification of numerous clinical features of patients that indicate the probability of a successful outcome.  These features are important because therapy carries a risk of significant toxicity.  Thus, identification of a patient with a favorable prognosis permits treatment of lesser intensity and diminished likelihood of toxicity, without sacrificing efficacy, while identification of a patient whose leukemia is more likely to recur permits the application of more aggressive treatment strategies, only for patients at greater risk.  A number of adverse prognostic factors have been identified, including age less than one year or greater than 10 years, male sex, initial white count at diagnosis greater than 30 x 109/L, L3 lymphoblast morphology, expression of specific immune phenotypes, certain specific cytogenetic abnormalities and the presence of a hypodiploid chromosome complement.  Prognostic factors in adult ALL are far less well defined.  Treatment generally involves chemotherapy + bone marrow transplantation for those cases with prognostic factors indicating a high likelihood of an adverse outcome.

Table 1:

Classification of ALL (FAB)

L1

‑
microblastic

L2

‑
heterogeneous lymphoblasts

L3

‑
Burkitt's leukemia

The pathogenesis of ALL remains incompletely understood, however, certain factors are known to predispose to ALL.  These include exposure to ionizing radiation, certain chemicals such as benzene, and cytogenetic abnormalities including Down's syndrome and Fanconi's anemia.  Additionally, recent cytogenetic and molecular genetic studies have uncovered a number of oncogenes, which appear to play a critical role in the development of ALL.

Acute Myeloblastic Leukemia (AML)

Acute myeloblastic leukemia (AML) is the most frequent form of acute leukemia in adults.  AML is a clonal malignant disease that appears to arise in the hematopoietic stem cell.  The incidence of AML is approximately 2 cases per 100,000 population, and is slightly more common in men.  In adults, AML accounts for approximately 80% of all acute leukemia, while in children it accounts for only 20% of cases.  Similar to ALL, the disease usually has an abrupt onset, with symptoms related to the associated cytopenias.  AML in adults may be preceded by a pre‑leukemic or myelodysplastic syndrome.

The diagnosis of AML is based upon careful examination of the peripheral blood and bone marrow.  The bone marrow is replaced by myeloblasts, which can be further characterized using cytochemistry, immunophenotyping and cytogenetics.  Occasional cases show the presence of cytoplasmic crystalline bodies (Auer rods), which are pathognomonic of myeloid stem cell disorders.  The specific classification of AML is outlined in Table 2.  Many of these subtypes of AML are characterized by specific cytogenetic abnormalities.

Table 2:

Classification of AML (FAB)

M0

‑
undifferentiated, myeloid antigen positive

M1

‑
myeloblastic without maturation

M2

‑
myeloblastic with maturation

M3

‑
acute promyelocytic

M4

‑
myelomonocytic

M5

‑
monoblastic

M6

‑
erythroleukemia

M7
‑
acute megakaryoblastic leukemia

 
The etiology of AML is also incompletely understood.  Certain factors are known to predispose to AML, including hereditary (Down's syndrome), ionizing radiation, chemicals such as benzene and exposure to certain chemo‑therapeutic agents, i.e. alkylating agents used in treatment of Hodgkin's disease, malignant lymphoma, ovarian cancer and breast cancer.  Treatment involves the intensive use of chemotherapy + bone marrow transplantation in specific settings.  The tremendous success of therapy in pediatric ALL is unfortunately not shared by most patients with either pediatric or adult AML.  Many patients achieving a complete remission will eventually relapse with acute leukemia and die of their disease.  

Myelodysplastic Syndromes (Pre‑leukemia)

Similar to other hematological neoplasms, myelodysplastic syndromes are a group of clonal hematopoietic malignancies.  These are predominantly diseases of the elderly and typically involve multiple marrow lineages.  The classic presentation is pancytopenia with a hypercellular bone marrow.  Cytopenias result from ineffective hematopoiesis.  The classification of these disorders is listed in Table 3.  The name myelodysplastic syndrome is preferred to pre‑leukemia, as many patients with this disorder die of related cytopenias and never develop acute leukemia.  In those cases showing progression to acute leukemia, this is almost universally AML.

Table 3:


Myelodysplastic Syndromes (MDS)
Refractory anemia

Refractory anemia with ring sideroblasts

Refractory anemia with excess blasts

Refractory anemia with excess blasts in transformation

Chronic myelomonocytic leukemia

Chronic Lymphoid Leukemias
The chronic lymphoid leukemias are common diseases that typically affect only adults.  The hallmark of these disorders is chronic lymphocytic leukemia (CLL), which is the commonest of all leukemias in man.  The classification of chronic lymphoid leukemias is based on the morphological features of the specific cells involved, as well as the cell lineage (See Table 4).  They are divided into B cell and T cell types, the former predominating.  The prototypic chronic B cell leukemia is CLL.  This is a common disease of the elderly, which rarely occurs below the age of 40 years.  It is an indolent, slowly progressive disease that may be discovered incidentally.  Occasional patients present with fatigue and are found to have lymphadenopathy + hepatosplenomegaly.  In the later stages of the disease, anemia and thrombocytopenia may develop.  

Table 4:


Chronic Lymphoid Leukemias
B‑lineage
Chronic lymphocytic leukemia (CLL)

Prolymphocytic leukemia

Hairy cell leukemia

Others

T‑lineage
T‑cell CLL

Prolymphocytic leukemia

Large granular lymphocyte disorder

Sezary syndrome

 
The white blood cell count is elevated and demonstrates an absolute lymphocytosis.  The majority of the cells are small, with mature chromatin, indistinct nucleoli and scant cytoplasm.  The bone marrow shows infiltration by similar cells.  Presentation of this same disease without significant peripheral blood and bone marrow involvement is known as small lymphocytic lymphoma (See malignant lymphoma handout).  The diagnosis of CLL requires examination of the peripheral blood smear + immunophenotypic analysis.  Occasionally, a bone marrow examination is required.  Treatment typically consists of a single oral alkylator agent plus prednisone.  For the most part, CLL is incurable, but symptoms and the white blood cell count can be held in check with therapy.  Most patients die of unrelated causes, but some patients succumb to their disease.  In a few patients, an unusual pattern of transformation occurs, with the development of a large cell malignant lymphoma.

A variety of other chronic B cell and T cell leukemias have been well characterized.  They are recognized using a combination of morphology, immunophenotype, cytogenetic and occasionally molecular genetic studies.  Although uncommon, the specific diagnosis and subclassification of these diseases is important as specific therapies may be quite successful in certain of these diseases.

Myeloproliferative Disorders (MPD)

The myeloproliferative disorders (See Table 5) are a group of hematological neoplasms with a common pathogenetic theme.  All are clonal stem cell neoplasms, and the individual diseases within this group are typically characterized by a predominant proliferation of one cell line, i.e. white blood cells in CML, platelets in essential thrombocytosis and red blood cells in polycythemia rubra vera.  The cell of origin in these diseases is at the level of the pluripotent stem cell, and although maturation of most of the hematopoietic cells continues, a clonal abnormality can be demonstrated in most bone marrow derived cells.  The MPD frequently share common features, including a hyperplastic bone marrow and a tendency to evolve into acute hematological neoplasms, i.e. acute leukemia.

Table 5:


Myeloproliferative Disorders (MPD)
Chronic myelogenous leukemia (CML)

Polycythemia rubra vera

Essential thrombocytosis

Idiopathic myelofibrosis

The prototypic disease in this category is chronic myelogenous leukemia (CML).  This is an indolent hematological neoplasm, which can occur at any age, but tends to affect adults.  In CML, the abnormal clone eventually overgrows the normal marrow elements and patients typically present with constitutional symptoms and splenomegaly.  The white blood count is usually significantly increased, with most of the cells of the granulocyte series present in the peripheral blood.  CML is frequently described as "peripheralization" of the bone marrow.  It typically has an associated eosinophilia, basophilia, anemia and may have an elevated or decreased platelet count.  The diagnosis of CML requires morphological examination of the peripheral blood and bone marrow as well as documenting the presence of an unusual karyotypic abnormality known as the Philadelphia chromosome.  Virtually all patients with this disease have a balanced translocation between chromosomes 9 and 22, with the resulting short chromosome 22 known as the Philadelphia chromosome.  During the chronic phase of this disease, symptoms and the white blood cell count can be adequately controlled using chemotherapy.  However, most patients in a median time period of four years, will transform into acute leukemia.  Two thirds of the patients will develop AML and one third ALL.  These terminal events are difficult to treat.  Optimal therapy in younger patients now involves bone marrow transplantation during the stable phase of the disease, before evolution to the acute leukemic phase.

The other subtypes of myeloproliferative disorders include polycythemia rubra vera, essential thrombocytosis and idiopathic myelofibrosis.  Although each has unique clinical features and a variable course, they all share the common feature of a neoplastic stem cell disorder.  Polycythemia rubra vera is characterized by erythrocytosis and is frequently accompanied by leukocytosis and thrombocytosis.  The spleen is enlarged and the disease may terminate as myelofibrosis and/or acute leukemia.  Essential thrombocytosis is characterized by an increased platelet count in the peripheral blood and a tendency towards either thrombotic or bleeding complications.  Idiopathic myelofibrosis is a disease characterized by a leukoerythroblastic blood picture with tear drop erythrocytes.  There is usually massive splenomegaly and bone marrow examination shows extensive fibrosis with increased megakaryocytes.  Treatment of all these diseases is aimed at eradicating symptoms, as none of these entities are presently curable with conventional therapy.
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