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In 1845, Virchow recognized leukemia and In 1845, Virchow recognized leukemia and 
proposed the name (white blood).proposed the name (white blood).

• Acute leukemia described by von Fredreich in 
1857

• Naegeli described the myeloblast in 1900
• Reschad and Schillin-Torgau described a 

case of monocytic leukemia in 1913
• Early 1900’s an aleukemic variant described

19401940’’ss

• Acute myeloblastic leukemia was distinguished 
from acute lymphoblastic leukemia and acute 
monoblastic leukemia

• Auer bodies were recognized, known to be 
myeloperoxidase positive, but their nature was 
unknown
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Early 1970Early 1970’’s  Classification of Acute s  Classification of Acute 
MyeloblasticMyeloblastic leukemialeukemia

• Acute myeloblastic leukemia
• Acute myelomonoblastic leukemia (Naegeli type 

monocytic leukemia)
• Acute monoblastic leukemia (Schilling type 

monocytic leukemia)
• Acute promyelocytic leukemia

• Di Guglielmo’s syndrome
• Di Guglielmo’s disease

1976 French1976 French--AmericanAmerican--British British 
Cooperative Group classificationCooperative Group classification

• 30% of the marrow cells must be blasts
• Classification based on morphology of 

peripheral blood and bone marrow cells and a 
few cytochemical stains which included:
– Myeloperoxidase, Sudan black B, alpha-napthyl

butyrate esterase, PAS

• M1 through M6 subtypes were described

Blast with an Auer rod in Acute Myeloid Leukemia

Myeloperoxidase Stain Myeloperoxidase Stain –– positive in positive in 
myeloid blastsmyeloid blasts

NonNon--specific Esterase stain (positive in specific Esterase stain (positive in 
monocyticmonocytic blasts)blasts)
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FAB classificationFAB classification

• M1 – AML without maturation
• M2 – AML with maturation

• M3 – Acute promyelocytic leukemia
• M4 – Acute myelomonocytic leukemia

• M5 – Acute monocytic leukemia
• M6 – Acute erythroleukemia

Modifications to FAB classificationModifications to FAB classification

1985
Revised criteria were proposed to clarify some 
difficulties with classification.

M7 or megakaryoblastic leukemia was added –
required either platelet peroxidase by EM or 
immunocytochemical stains to make the 
diagnosis.

1991
M0 or minimally differentiated AML was proposed

WHO classification WHO classification --20022002

• Aim was to incorporate the following into the 
diagnostic criteria
– Morphologic findings
– Genetic information
– Immunophenotypic features
– Biologic and clinical features

Blasts and blast equivalentsBlasts and blast equivalents

• Monoblasts and promonocytes in acute 
monocytic leukemia

• Megakaryoblasts in acute megakaryoblastic
leukemia

• Abnormal promyelocytes in acute promyelocytic
leukemia

• Erythroblasts in pure erythroleukemia
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Morphology of blast equivalentsMorphology of blast equivalents

Megakaryoblasts
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Promonocytes

Blast thresholdBlast threshold

• Decreased from 30% to 20%.
• Rational – similar outcomes for patients with 

similar disease characteristics when treated with 
similar chemotherapeutic protocols.

• Refractory anemia with excess blasts in 
transformation is now diagnosed as AML with 
multilineage dysplasia.

Acute myeloid leukemia with recurrent genetic Acute myeloid leukemia with recurrent genetic 
abnormalitiesabnormalities

• AML with t(8:21)(q22;q22)(AML1/ETO)
• AML with abnormal bone marrow eosinophils and inv 

(16) or t(16;16)(p13;q12), (CBF/MYH11)
• Acute promyelocytic leukemia with 

t(15;17)(q22;12)(PML/RAR)
• Acute myeloid leukemia with 11q23 abnormalities
• These genetic abnormalities define acute leukemia 

regardless of the blast percentage
• Most are associated with a good prognosis
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Hypogranular acute promyelocytic leukemia

AML with AML with multilineagemultilineage dysplasiadysplasia

• Patient may have a previous diagnosis of MDS 
or MDS/MPD.

• There may be evidence of dysplasia in 50% or 
more of the cells in 2 or more myeloid cell lines.

• Likely to have complex chromosomal 
abnormalities, MDR-1 glycoprotein, and poor 
response to chemotherapy.

Findings of Findings of dysplasiadysplasia

• Myeloid cells – hypogranular or hypolobate
neutrophils or cells with bizarre segmentation

• Erythroid cells – megaloblastic change, 
karyorrhexis, multinucleation, ringed 
sideroblasts, PAS positivity

• Megakaryocytes – micromegakaryocytes, cells 
with separate nuclear lobes

Examples of Examples of dysplasiadysplasia
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AML and MDS AML and MDS –– therapy relatedtherapy related

• Alkylating agent/radiation related
– 4-7 years after therapy
– Often present with a myelodysplastic syndrome

– Chromosome 5 and 7 abnormalities

• Topoisomerase II related
– 6 months to a few years after therapy
– 11q23 abnormalities

Morphologic findings in AMLMorphologic findings in AML--therapy therapy 
relatedrelated

AML, not otherwise categorizedAML, not otherwise categorized

• These cases do not fulfill the criteria for other 
categories

• Similar to FAB classification system
• Numbers have been omitted from the 

terminology
• Minor wording differences are present

Acute myeloid leukemia, minimally differentiated

Acute myeloid leukemia without maturation
Acute myeloid leukemia with maturation
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Acute myeloid leukemia with maturation

Acute Acute monoblasticmonoblastic and monocytic leukemiaand monocytic leukemia

• Acute monoblastic leukemia is the same as FAB 
M5a in which greater than 80% of the monocytic 
cells are monoblasts.

• Acute monocytic leukemia is replaces FAB M5b 
with admixed monoblasts, promonocytes and 
monocytes.

Acute myeloid leukemia with Acute myeloid leukemia with 
monocytic differentiationmonocytic differentiation
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Acute erythroid leukemiaAcute erythroid leukemia

• 2 subtypes recognized
– Acute erythroid/myeloid leukemia
– > 50% erythroid precursors

– >20% of the non-erythroid cells are blasts

• Controversial as the diagnosis of acute leukemia 
can be made with a very small number of blasts.

Acute erythroid leukemia, continuedAcute erythroid leukemia, continued

• 2nd subtype – pure erythroid leukemia
• 80% or more of the marrow cells are immature 

erythroid precursors with minimal differentiation.
• Previous names for this entity – DiGuglielmo

disease, acute erythremic myelosis, true 
erythroleukemia

Morphology of Morphology of erythroleukemiaerythroleukemia
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Acute erythroid leukemia Acute erythroid leukemia

Acute Acute megakaryoblasticmegakaryoblastic leukemialeukemia

• Greater than 50% of the blasts are of 
megakaryocytic lineage

• Often associated with significant marrow fibrosis
• CD41 and CD61 or factor VIII related antigen 

(von Willebrand factor) needed for confirmation 
of megakaryocytic lineage

Acute Acute MegakaryoblasticMegakaryoblastic LeukemiaLeukemia

Morphology of acute Morphology of acute megakaryoblasticmegakaryoblastic leukemialeukemia Does this classification have clinical Does this classification have clinical 
significance?significance?

• Likely yes
– Recurrent cytogenetic abnormalities
– Therapy related

• Likely no
– Multilineage dysplasia
– Not otherwise specified
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Haferlach T, JCO 2003;21:256.

Additional chromosomal abnormalities Additional chromosomal abnormalities 
which may be included in the futurewhich may be included in the future

• t(6;9) translocation in AML
– Associated with dysplastic features and an 

unfavorable outcome.

– Relatively rare subtype
– More common in young adults
– Increased basophils

Other Other cytogeneticcytogenetic abnormalities and abnormalities and 
new categories in WHO 2009new categories in WHO 2009

• AML with t(1;22)
• AML with t(9;22)

• Myeloid proliferations related to Down syndrome

Beyond morphology and conventional Beyond morphology and conventional 
cytogeneticscytogenetics

• 40-50% of adults have no microscopically 
detectable cytogenetic abnormalities on 
conventional cytogenetic analysis

• Have been classified in an intermediate-risk 
prognostic category

• Heterogeneous group at the molecular level
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FLT3 (STK1, FLK2, CD135) Fms-related tyrosine kinase 3 13q
12

NPM1 (B23)* Nucleophosmin (nucleolar phosphoprotein
B23, numatrin)

5q3
5

MLL (ALL-1, HRX, HTRX1, 
CXXC7, TRX1, MLL1A)

Myeloid/lymphoid or mixed-lineage 
leukemia (trithorax homolog, Drosophila)

11q
23

BAALC Brain and acute leukemia gene, cytoplasmic 8q2
2.3

CEBPA (CEBP) CCAAT/enhancer binding protein (C/EBP), 
alpha

19q
13.1

ERG v-ets erythroblastosis virus E26 oncogene-
like (avian)

21q
22.3

Clinical findings in patients with FLT3Clinical findings in patients with FLT3--ITDITD

• Higher white blood cell counts
• Higher percentages of blood and bone marrow 

blasts
• Inferior remission duration and overall survival
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Clinical findings in patients with Clinical findings in patients with 
NPM1 mutated AMLNPM1 mutated AML

• Higher blast count
• More extramedullary involvement
• M4 or M5 morphology
• CD34-
• Higher platelet counts and increased numbers of 

megakaryocytes
• More frequent in females
• If FLT3-ITD negative have a better prognosis

Blood, Vol. 109, Issue 2, 431-448, January 15, 2007
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SummarySummary

• The diagnosis of acute myeloid leukemia 
continues to evolve.

• Cytogenetic and molecular abnormalities are 
increasingly important in classification.

• Treatment will be increasingly targeted to 
underlying molecular mechanisms of disease.


