Acute Myelogenous Leukemia (AML)
What is AML?
Adult acute myeloid leukemia (AML) is a disease in which cancer (malignant) cells are found in the blood and bone marrow. AML results from acquired (not inherited) genetic damage to the DNA of developing cells in the bone marrow. AML is also called acute nonlymphocytic leukemia or ANLL. The bone marrow is the spongy tissue inside the large bones in the body. The bone marrow makes red blood cells (which carry oxygen and other materials to all tissues of the body), white blood cells (which fight infection), and platelets (which make the blood clot). 
Normally, the bone marrow makes cells called blasts that develop (mature) into several different types of blood cells that have specific jobs to do in the body. AML affects the blasts that are developing into white blood cells called granulocytes. In AML, the blasts do not mature and become too numerous. These immature blast cells are then found in the blood and the bone marrow. 
Leukemia can be acute (progressing quickly with many immature blasts) or chronic (progressing slowly with more mature looking cancer cells). Acute myeloid leukemia progresses quickly. AML can occur in adults or children. (For more information on the treatment of childhood AML, refer to the PDQ patient information summary on childhood acute myeloid leukemia. Separate PDQ summaries are also available for chronic lymphocytic leukemia, chronic myelogenous leukemia, adult acute lymphocytic leukemia, and hairy-cell leukemia). 
Subtypes of Acute Myelogenous Leukemia 
Several years ago, an international conference of prominent hematologists/oncologists specializing in leukemia treatment and pathologists specializing in laboratory tests for blood disease diagnosis was held to decide upon the best system of classification of acute leukemias. This group of French, American, and British (FAB) doctors decided that acute leukemias should be divided into eight subtypes of AML and three subtypes of ALL. 
Some subtypes of AML defined in the FAB classification are associated with certain symptoms. For example, bleeding or blood clotting problems are often a problem for patients with the M3 subtype of AML, also known as acute promyelocytic leukemia. Identifying M3 leukemia is very important for two reasons. The first is that these serious complications can often be prevented by appropriate treatment. The second reason is that M3 leukemias usually respond to retinoids (drugs chemically related to vitamin A). Addition of retinoids to the treatment program allows doctors to lower the doses of chemotherapy drugs and reduce the severity of certain side effects. 
The subclassification of the disease is important. Different types of therapy may be used and the likely course of the disease may be different. Additional features may be important in guiding the choice of therapy, including: abnormalities of chromosomes , the cell immunophenotype, the age and the general health of the patient, and others. 
The original FAB system was based only on appearance of leukemic cells under the microscope after routine processing or cytochemical staining. More recently, doctors have found that cytogenetic studies, flow cytometry, and molecular genetic studies provide additional information that is sometimes useful in classification of acute leukemias and predicting the patient's prognosis. 
	French-American-British (FAB) Classification of AML

	FAB Subtype
	Name
	Approximate % of adult AML patients
	Prognosis compared to average for AML

	M0
	Undifferentiated AML
	5%
	Worse

	M1
	Myeloblastic leukemia with minimal maturation
	15%
	------

	M2
	Myeloblastic leukemia with maturation
	25% 
	Better

	M3
	Promyelocytic leukemia
	10%
	Best

	M4
	Myelomonocytic leukemia
	25%
	--------

	M4 eos
	Myelomonocytic leukemia with eosinophilia
	Rare
	Better

	M5
	Monocytic leukemia
	10%
	Worse

	M6
	Erythroid leukemia
	5%
	Worse

	M7
	Megakaryoblastic leukemia
	5%
	Worse


Symptoms
AML is often difficult to diagnose. The early signs may be similar to the flu or other common diseases. A doctor should be seen if the following signs or symptoms won't go away: fever, weakness or tiredness, or achiness in the bones or joints. 
If there are symptoms, please see your family doctor who may order blood tests to count the number of each of the different kinds of blood cells. If the results of the blood test are not normal, the doctor may order more blood tests. A bone marrow biopsy also may be done. During this test, a needle is inserted into a bone and a small amount of bone marrow is taken out and looked at under the microscope. The doctor can then tell what kind of leukemia the patient has and plan the best treatment.
Stage Explanation
Stages of Chronic Myelogenous Leukemia
There is no staging for AML. The choice of treatment depends on whether the patient has been treated. 
Untreated 
Untreated AML means no treatment has been given except to treat symptoms. There are too many white blood cells in the blood and bone marrow, and there may be other signs and symptoms of leukemia. Rarely, tumor cells can appear as a solid tumor called an isolated granulocytic sarcoma or chloroma. 
In remission 
Treatment has been given, and the number of white blood cells and other blood cells in the blood and bone marrow is normal. There are no signs or symptoms of leukemia. 
Recurrent/refractory 
Recurrent disease means that the leukemia has come back after going into remission. Refractory disease means that the leukemia has failed to go into remission following treatment. 
Treatment Options
There are treatments for all patients with AML. The primary treatment of AML is chemotherapy. Radiation therapy may be used in certain cases. Bone marrow transplantation is being studied in clinical trials. 
· Chemotherapy (using drugs to kill cancer cells) 
This is the standard method of treatment in which anti-cancer drugs are adminstered to the patients. The dose is asdjusted according to their WBC counts that is taken every 2-3 weeks. This form of treatment can reduce WBC counts, spleen size and other symptoms. 
One exception to this pattern is the treatment of the acute promyelocytic subtype of AML. In this subtype, the cells that accumulate in the marrow can be identified as promyelocytes, the next step in blood cell formation after the myeloblast. As a part of the expression of this form of AML the leukemic cells are stalled at this stage of development. A d erivative of vitamin A, retinoic acid, is administered before chemotherapy. Retinoic acid is capable of inducing the leukemic promyelocytes to develop into mature cells (neutrophils). It markedly decreases the concentration of leukemic blast cells in the marrow and a remission frequently ensues. For the remission to be long-lasting, chemotherapy must follow. But retinoic acid often minimizes the side effects of chemotherapy because blood cell counts may be improved and the number of primitive leukemic cel ls is decreased when chemotherapy is started. 
· Radiation therapy (using high-dose x-rays or other high-energy rays to kill cancer cells) 
Prior to advent of chemotherapy, radiotherapy to spleen was the preferred treatment. Since chemotherapy yields better results, radiotherapy is generally not considered except for situations where spleen doesnot respond to chemotherapy.
· Immunotherapy 

Interferons are a family of substances naturally produced by several types of cells. Inteferon-alpha is the type most often used in treating chronic leukemia. This substance reduces growth and division of leukemia cells and promotes the immune system's attack against the leukemia cells. Daily injection under the skin is the most common treatment plan. Possible side effects include muscle aches, bone pain, headaches, problems with thinking and concentration, fatigue, nausea, and vomiting. These problems are temporary and usually improve after treatment is completed. These side effects may be lessened by other drugs given along with the interferon. 
· Bone marrow transplantation (killing the bone marrow and replacing it with healthy marrow). 
Bone marrow transplantation is used to replace the patient's bone marrow with healthy bone marrow. First, all of the bone marrow in the body is destroyed with high doses of chemotherapy with or without radiation therapy. Healthy marrow is then taken from another person (a donor) whose tissue is the same as or almost the same as the patient's. The donor may be a twin (the best match), a brother or sister, or another person not related. The healthy marrow from the donor is given to the patient through a needle in the vein, and the marrow replaces the marrow that was destroyed. A bone marrow transplant using marrow from a relative or person not related to the patient is called an allogeneic bone marrow transplant. 
Another type of bone marrow transplant, called autologous bone marrow transplant, is being tested in clinical trials. To do this type of transplant, bone marrow is taken from the patient and treated with drugs to kill any cancer cells. The marrow is then frozen to save it. The patient is given high-dose chemotherapy with or without radiation therapy to destroy all of the remaining marrow. The frozen marrow that was saved is then thawed and given back to the patient through a needle in a vein to replace the marrow that was destroyed. 
Treatment by Stage
Treatment of AML is divided into two phases - remission induction and post-remission therapy. 
Remission Induction
This first part of treatment usually involves treatment with two chemotherapy drugs, cytarabine (Ara-C) and an anthracycline drug. This intensive therapy typically lasts one week, and destroys most of the normal bone marrow cells as well as the leukemic cells. During chemotherapy and the following couple of weeks, the patient's blood cell counts will be dangerously low, and supportive measures are used to protect against complications. If induction is successful, normal bone marrow cells will return in a couple of weeks and start making blood cells, again. No leukemic cells will be found in the blood or bone marrow. If one week of therapy does not induce remission, the process is repeated one or two more times. Induction is successful in about 70% of all AML patients. But for some groups of patients such as those over the age of 60 or with unfavorable prognostic features, the success rate is closer to 40%. 
Unfortunately, remission induction usually destroys only about 99.9% of the leukemia cells. The presence of minimal residual disease (leukemic cells found by cytogenetic or molecular genetic tests but not routine microscopic examination) means that more treatment may be needed to avoid relapse. 
Post-remission therapy
This treatment is given after induction of remission to destroy minimal residual disease and prevent a relapse. The two options for AML post-remission therapy are several more courses of high-dose chemotherapy or stem cell transplantation. High-dose chemotherapy is similar to induction therapy -- seven-day treatments with cytarabine (and sometimes a second drug) are followed by a couple of weeks for bone marrow recovery. This process is repeated several times. This approach yields a four-year disease free survival rate of about 40%. 
Other patients may receive very high doses of chemotherapy to destroy all bone marrow cells. This treatment is followed by stem cell transplantation to restore blood cell production. 
Oncologists look at several different factors when recommending what type of post-remission therapy a patient should receive. These include:
· How many courses of chemotherapy it took to bring about a remission. If it took more than one course, some doctors recommend that the patient receive a more intensive program which would involve a stem cell transplant. 
· The availability of a brother or sister or an unrelated donor who matches the patient's tissue type. If a close enough tissue match is found then an allogeneic (donor) stem cell transplant is an option for post-remission therapy. 
· The potential of collecting leukemia-free bone marrow cells from the patient. If the oncologist believes a patient is in a solid remission, collecting stem cells from the patient's bone marrow or from peripheral blood for an autologous stem cell transplant procedure is an option for post-remission therapy. Stem cells collected from the patient would be purged (treated in the laboratory to remove or kill remaining leukemia cells) to lower the chances of relapse. 
· The presence of one or more adverse prognostic factors such as certain chromosome changes, a very high initial white blood cell count, certain subtypes of AML caused from previous chemotherapy for a different cancer, or leukemic involvement of the central nervous system by AML. 
· The role of stem cell transplantation in treating AML is a controversial topic. Some doctors feel that if the patient is healthy enough to withstand the procedure and a compatible donor is available, allogeneic transplantation offers the best chance for survival. Others feel that because patients having this procedure are younger and in better health, their improved survival might not be due to the procedure and they might have done as well with standard high-dose chemotherapy. 

