Hematopoiesis

- Leukemia: Malignant neoplasms of blood forming organs. Characterized by diffuse replacement of the bone marrow with proliferating cancer cell precursors.

· Pluripotent stem cells- capable of forming tissues derived from any major germline; self renewing while at the same time generating daughter cells that are more differentiated

· Pathophysiology is an abnormality in proliferation or differentiation in any step of cell development- damage to early branches causes more damage than in peripheral branches 

· The type of leukemia will be named for the dominant cell: Myelocytic or Lymphocytic
· There are two broad categories of leukemia based on cell type involved and state of maturity: acute vs. chronic and Lymphocytic vs. myelogenous

· Each year, leukemia is diagnosed in about 29,000 adults and 2,000 children in the US

· Acute leukemia is characterized by the presence of immature cells called “blasts” and without treatment will hasten its clinical course: acutely ill with a short duration of symptoms
· Chronic Leukemia is associated with mature, well-differentiated WBCs and clinically has a gradual course-more splenomegaly
· Interestingly an end stage chronic leukemia may have a “blast crisis”

· The more immature the blood cell, the less able it is to carry out its normal functions, thus explaining clinical course of acute vs. chronic disease

· Risk factors: ionizing radiation, smoking, genetic dysregulation (Down’s and Klinefelters syndrome), chemical exposure, chromosomal aberrations, oncogene- induced, and viruses

· HPV- Cervical cancer
· EBV- Burkett’s Lymphoma, nasopharyngeal carcinoma
· HBV,HCV-hepatocellular carcinoma
· Clinical Manifestations: Leukemia cells usually look different from normal blood cells, and they do not function properly. The malignant cell loses its ability to mature and differentiate. Abnormal numbers and forms of immature WBCs in the circulation infiltrate the spleen, lymph nodes and liver causing swelling and tenderness (hepatosplenomegaly_. The patient may have loss of appetite or weight and bone or joint pain as leukemia proliferation pushes up the periosteum affecting nerves. The most dramatic presentation is of hyperleukocytosis (WBC>200,000) leading to impaired circulation, headache, confusion, and dyspnea.

· Symptoms of pancytopenia:
· Decreased WBC= infections often, fever, chills, night sweats, flu-like, sepsis
· Decreased RBC= anemia, weakness, pallor, dyspnea
· Decreased platelets= bleeding, petechiae, ecchymosis, epistaxis, bleeding gums, menorrhagia

· General diagnosis: CBC- anemia, thrombocytopenia, and low, normal or high WBCs

· Bone marrow aspiration and biopsy taken with a needle, usually from the hip, along with a small piece of the bone to be examined in a lab for abnormal leukemia cells- Definitive diagnosis 
· Lumbar puncture or spinal tap- determine if leukemia cells have reached the CNS

· Slides should be stained with myeloperoxidase-myeloid enzyme; differentiates ALL vs. AML
· X-rays or a CT scan of the chest, abdomen, and pelvis-

· Chromosome analysis and cell surface markers- changes that are associated with leukemia

· Acute Lymphocytic leukemia (ALL)- most common type of leukemia in children age less than 15 years old
· Twice as common in whites vs. non-white, peak incidence age 3-7

· 80% B-cell origin, 60% chromosomal abnormalities, +CALLA 60% patients (common ALL antigen)

· Lymphoid precursor cells “blasts”- are markedly increased-they replace normal bone marrow to cause pancytopenia and decrease the production of normal blood cells
· A negative myeloperoxidase stain is the hallmark for the diagnosis of most cases of ALL. 

· If these cells collect in the CNS: headache, vomiting, confusion, ataxia, seizures

· Acute myelogenous leukemia (AML)- occurs in both adults and children ages 16-39
· 90% of patients have chromosomal (karyotype) abnormalities

· Symptoms with AML may be the result of leukostasis- presence of large numbers of lymphoblasts in the peripheral circulation; occurs in patients with the highest WBC counts. Symptoms: headache, dyspnea, confusion
· Cells have a greater tendency to invade other tissues as a tumor mass (chloroma)

· Poor prognosis (15% survival)-best treatment: bone marrow transplant
· Increased myeloblasts with Auer rods- eosinophilic needle-like cytoplasmic inclusions
· A positive myeloperoxidase stain is seen in most cases of AML.

· Diagnosis of Acute leukemia: >20% blasts plus variable cytopenia; peripheral blasts in >90%

· Hallmark is circulating blast and pancytopenia*****************************
· Other findings: Hyperuricemia, DIC (decreased fibrinogen, prolonged PT, PTT, D-Dimer)

· Differential diagnosis: other myoloproliferative disorders, lymphoma, atypical lymphocytosis (EBV)

· Treatment of Acute Leukemia:
· Goal: To obtain complete remission: normal peripheral blood with resolution of cytopenias, normal bone marrow with no excess blasts, and normal clinical status

· Standard induction therapy involves either a 4 or 5 drug regimen given over course of 4-6 weeks; using this approach, complete remissions are obtained in 65-85% of patients.

· Once a patient has entered remission, post-remission therapy is given with curative intent: standard chemotherapy or bone marrow transplantation. Transplantation is effective therapy for patients who have experienced relapse after chemotherapy.
· Reservoirs of leukemia cells in brain and testes-

· Blood product replacement, antibiotic as necessary.
· Education: Very immune suppressed, don’t eat fresh fruits or vegetables, sushi. Food must be cooked thoroughly.
· Prognosis:
· About 70-80% adults with AML achieve complete remission, post-remission chemotherapy yields cure in 30-40% and post-remission transplantation cures about 60% of patients.

· Chronic myeloid leukemia (CML) often affects adults ages 40-59 years old

· Slowly progressive clinical course with three recognized phases. Many patients present in chronic phase, characterized by massive splenomegaly and leukocytosis with generally few symptoms- phase is easily controlled by medication to control symptoms and complications.

· After an average of 3-5 years, the disease usually evolves into the blast crisis, which is marked by an increase in the bone marrow or peripheral blood blast count or by the development of soft tissue or skin leukemia infiltrates

· In many patients, an accelerated phase occurs 3-6 months before the diagnosis of blast crisis.

· 90% have Philadelphia chromosome- reciprocal translocation from chromosome 22-9

· Treatment; Myelosuppressive therapy (interferon, hydroxyurea), bone marrow transplant should be considered early in young patients (<55 years old) who have a matched sibling donor.

· Chronic Lymphocytic leukemia (CLL)
· Most common adult leukemia in patients over 60; most indolent(gradual) of all leukemias
· Usually asymptomatic: characterized by immunocompromised, LAD, bone marrow failure 
· 95% are B-cell origin, cells are incapable of differentiating to plasma cell, immunocompromised
· 50% of CLL have chromosomal (karyotype) abnormalities

· Diagnosis: monoclonal mature lymphocytosis, with cell fragility (smudge cells)

· Treatment: If asymptomatic – no treatment, for recurrent infections- IV immunoglobulin, for advanced disease- steroids and chemotherapeutics

· Prognosis: Median survival is 6 years depending on stage, 25% of patients live > 10 years

· There is no set screening test as yet form leukemia in children or adults
· Richter’s syndrome- In 5% in cases with CLL while systemic disease is stable, an isolated lymph node turns into a large, aggressive cell lymphoma
· Diagnosis of Chronic leukemia-Hallmark of chronic leukemia is lymphocytosis and splenomegaly**************************************************
· Hematocrit and platelets are usually normal but will eventually become decreased.
· Complications: sepsis, disseminated intravascular coagulation, tumor lysis syndrome

· Tumor lysis syndrome: Potassium and uric acid spill out
· Diagnosis:
· Hairy Cell Leukemia: An uncommon form of leukemia, indolent cancer of B-lymphocytes
· Occurs in middle aged (55 years old) at a 5:1 ratio over the general population
· Pancytopenia, recurrent infections, massive splenomegaly, LAD uncommon
· Diagnosis: Numerous cytoplasmic projections on peripheral blood smears.
· Treatment: chemotherapeutics, treatment of choice: cladribine x 7 days
· Relatively non-toxic, causes remission in 80% of cases, live > 10 years
· Lymphomas- Lymphoma is malignant transformation of either lymphocytes B or T cells or their subtypes. As the abnormal cells multiply, they may collect in lymph nodes or in other lymph tissues such as the spleen, forming a tumor which often overwhelms surrounding tissues by invading their space, thereby depriving them of the necessary oxygen and nutrients needed to survive and function normally. Because of their uncontrolled growth, lymphomas can encroach on and/or invade neighboring tissues or distant organs.
· Most common blood cancer in the US, 6th most common cancer in adults in the US, and 3rd most common in children in the US
· Fall into 1 of 2 major categories: Hodgkin lymphoma and all other lymphomas (non-hodgkins lymphomas. Non-hodgkins lymphoma is far more common than Hodgkin’s disease! In the United States, about 54,000 new cases of NHL and 7000 new cases of HL were diagnosed in 2004, and the overall incidence is increasing.
· Occur in same places, may be associated with same symptoms, and often have similar gross physical characteristics. However, they are readily distinguishable via microscopic exam.
· Hodgkin disease develops from a specific abnormal B lymphocyte lineage. NHL may derive from either abnormal B (90%) or T cells and are distinguished by unique genetic markers.
· Hodgkin disease is MC in 2 age groups: Young adults 16-34
· Older people over 55
· The Reed-Sternberg Cell is pathognomonic of Hodgkin’s lymphoma: Cells with double nucleus and halos
· Risk factors: increasing age, infections (HIV, human T-lymphocytic virus type 1 (HTLV-1), EBV, HCV or HBV), immunocompromised states, autoimmune disease, toxins, and family history
· Hodgkins disease-specific:
· Tendency to arise within single lymph node areas and spread in an orderly fashion to contiguous areas of lymph nodes
· MC presentation is painless swelling in the neck… also under an arm, or in the groin
· Splenomegaly, abdominal pain, pruritus
· Enlarged lymph node may obstruct vein or lymphatic vessel (swelling of an arm or leg), a nerve (pain, numbness, or tingling), or the stomach (early satiety). Reed-Sternberg cells
· “B-symptoms”- fevers, chills, unexplained 10% weight loss in 6 months, night sweats, fatigue
· Interestingly may present with pain to involved ,lymph node S/P alcohol ingestion
	Stage
	Definition
	Treatment

	Stage I (>90% cure rate)
	Involvement of a single lymph node or extra lymphatic site
	Extended field radiotherapy

	Stage II
	Involvement of 2 or more lymph nodes on the same side of the diaphragm
	Extended field radiotherapy

	Stage III
	2 or more lymph nodes on both sides of the diaphragm
	Total nodal radiotherapy with adjuvant chemotherapy

	Stage IV
	Diffuse or disseminated involvement in extra lymphatic organs
	Advanced Stage 3 or Stage 4: systemic chemotherapy (4 drugs)


· Prognosis of Hodgkin’s Lymphoma: All patients should be treated with curative intent
· Stage IA, IIA treatment with radiotherapy has 10-year survival rate of 80%
· Stage IIIB, IV treatment have 5-year survival rates of 50-60%
· Treatment of choice for relapse= High dose chemotherapy plus stem cell transplant. 50% cure
· Non-Hodgkin’s Lymphoma-Specific
· Usually present with painless lymphadenopathy (60%), isolated or widespread to extranodal sites (skin, GI tract)- with involvement of Waldeyer’s ring (Lymphoid tonsillar tissue)
· Epitrochlear and mesenteric nodes is more suggestive of NHL
· More disseminated with bone marrow involvement at time of diagnosis
· Patients with widespread involvement will have constitutional symptoms, nut less than HL
· Classification includes:
· B-cell lymphomas: precursor B cell lymphoblastic lymphoma, hairy cell leukemia, follicular lymphoma, large cell B-cell lymphoma, Burkitt’s lymphoma
· T-cell lymphomas: Anaplastic large cell lymphoma, peripheral T-cell lymphoma
· Treatment: Depends on stage of disease and clinical status of the patient, options include radiation, surgery, chemotherapy and transplantation
· Prognosis: Median survival for patients with indolent lymphomas is 6-8 years, diseases ultimately become refractory to chemotherapy
· Lymphoma diagnostic work-up: Chest X-ray, bone marrow biopsy (definitive), liver and spleen scanning, CT of abdomen and pelvis, staging laparotomy only  if its results will change therapy 
· Peripheral blood is usually normal
· CXR may show mediastinal mass
· Myoloproliferative disorders- acquired clonal abnormalities of the hematopoietic stem cell, resulting in qualitative and quantitative changes to the myeloid, erythroid and platelet cell lines.
· Examples: 
· Multiple myeloma- a malignancy of plasma cells (monoclonal proliferation of B cells), which presents with an increase of a single immunoglobulin and its fragments in the serum and urine. B-cells are producers of humoral immunity via antibodies. An individual plasma cell can produce antibody molecules of only a single immunoglobulin to combine with a single antigen. As such, a plasma termed monoclonal- Most infections cause polyclonal responses 
· In the US, the incidence of multiple myeloma is approximately 3 cases per 100,000 persons
· Mean age 65% black or African American predominance. 
· As many as 37% of cases currently are discovered in asymptomatic patients
· Most common presentation: Infection, bone pain, and anemia
· Marrow infiltration process may involve any bone, but the predominant sites include the vertebral column, ribs, skulls, pelvis, and femoral (axial skeleton); marrow involvement leads to anemia and later to general bone marrow failure
· Prone to recurrent infections- neutropenia, bone marrow failure (caused by chemo), and altered antigen response
· Especially in encapsulated organisms: H. Flu and Strep. Pneumo
· Malignant plasma cells can form tumors (plasmacytomas)- spinal cord compression
· Bone involvement- Lytic lesions (pathological fractures), osteoporosis, increase serum calcium
· Hypercalcemia- from bone resorption- cause confusion, weakness, constipation, polyuria
· Antibody molecules, or paraproteins secreted by the malignant plasma cells are composed of two polypeptide chains: a light chain and heavy chain.
· Very high paraprotein levels cause
· Cleavage results in the production of Fab and Fc fragments; the Fab fragment is termed the Bence-Jones protein and is found in the urine of patients
· Light chains may be deposited in tissues as amyloid, worsening renal failure
· Renal insufficiency in 50% diagnosed patients, renal failure in 25%
· Diagnosis:
· X-ray: multiple destructive lesions of the skeleton as well as severe demineralization characterize multiple myeloma; classic appearance is of 
· Serum protein electrophoresis- increased levels of immunoglobulin in the blood- monoclonal spike
· Urine- Bence-Jones proteins
· CBC- Anemia, RBC stacked like poker chips (Rouleau Formation)
· Other: Hypercalcemia, proteinuria, elevated ESR, bone marrow aspirate
· The unequivocal diagnosis of myeloma is made when the following 3 criteria are satisfied:
· A minimum of 10-15% of a bone marrow aspirate demonstrating plasma cells
· Radiographic survey demonstrating lytic lesions
· Monoclonal immunoglobulin in the urine or blood
· Staging: Measured myeloma cell mass was correlated with 5 clinical features into a 3-stage system was proposed that divided patients into low, intermediate, and high myeloma cell burden as follows:
· Hemoglobin level, serum calcium, number of bone lesions on a radiographic skeletal survey, immunoglobulin level, serum creatinine
· Differential diagnosis: Monoclonal gammopathy of unknown significance (MGUS), reactive polyclonal hypergammaglobulinemia, Waldenstrom’s macroglobulinemia
· Treatment:
· Patients with minimal disease= observation
· Chemotherapy regimen: vincristine, doxorubicin, Dexamethasone, thalidomide
· Stem cell transplant
· Localized radiotherapy for bone pain or pathological tumors
· Treatment of Hypercalcemia
· Prognosis: Median survival= 10 years; In US- about 10,000 persons per year die from the disease 
· Without treatment, most patients die in less than 1 year
