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Classic and revised models of 

hematopoiesis
Common myeloid 

progenitors are 

mixtures of 

-mega erythroid 

and myeloid 

precursors and 

the most 

significant early 

partitioning of cell 

fate occurs when 

megakaryocyte 

and erythroid 

potentials 

separate from 

-lympho myeloid 

potentials.
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Myeloid series

• Myeloblasts are the least mature cells in the 

granulocyte lineage.

• Mononuclear, round-to-ovoid cells

• They may be distinguished from proerythroblasts by 

the finer, “grainy” reticular structure of their nuclei 

and the faintly basophilic cytoplasm.



Myeloid series

• Promyelocytes are the product of myeloblast 

division, and usually grow larger than their 

progenitor cells. 

• During maturation, their nuclei show an increasingly 

coarse chromatin structure. T

• The nucleus is eccentric; the lighter zone over its 

bay-like indentation corresponds to the Golgi 

apparatus.

•  The wide layer of basophilic cytoplasm contains 

copious large azurophilic granules containing 

peroxidases, hydrolases, and other enzymes. 



Myeloid series

• Myelocytes are the direct product of promyelocyte 

mitosis and are always clearly smaller than their 

progenitors. 

• The ovoid nuclei have a banded structure

• The cytoplasm is becoming lighter with maturation 

and in some cases acquiring a pink tinge. 

• A special type of granules, which no longer stain red 

like the granules in promyelocytes (“specific 

granules,” peroxidase-negative), are evenly 

distributed in the cytoplasm. 



Myeloid series

• Metamyelocytes are the product of the final 

myelocyte division and show further maturation of 

the nucleus. 

• The nuclei slowly take on a kidney bean shape and 

have some plasticity. 

• Metamyelocytes are unable to divide. 

• Further nuclear maturation occurs with nuclear 

contraction and segmentation.



Myeloid 

series 

maturation

Fig. 61-2  
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Eosinophil series

• Eosinophils arise from the same stem cell 

population as neutrophils and mature in parallel with 

them. The earliest point at which eosinophils can be 

morphologically defined in the bone marrow is at the 

promyelocyte stage. 

• Promyelocytes contain large granules that stain 

blue–red; not until they reach the metamyelocyte 

stage do these become a dense population of 

increasingly round, golden-red granules filling the 

cytoplasm. 

• The nuclei of mature eosinophils usually have only 

two segments.



Basophil series

• Basophils mature in parallel with cells of the neutrophil 

lineage. 

• The earliest stage at which they can be identified is the 

promyelocyte stage, at which large, black–violet stained 

granules are visible.

• In mature basophils, which are relatively small, these 

granules often overlie the two compact nuclear 

segments.

• Tissue basophils have a round nucleus underneath large 

basophilic granules. They are not found in blood.



Monocyte series

• Arises early in the myeloid series but does not 

demonstrate specific precursors that can be 

identified morphologically without special staining 

techniques.

• Most diversified of all cells.

• Their constant characteristic is an ovoid nucleus, 

usually irregular in outline, with invaginations and 

often pseudopodia-like cytoplasmic processes. The 

nuclear chromatin is fine. The basophilic 

cytoplasmic layer varies in width, stains a grayish 

color, and contains a scattered population of very 

fine reddish granules.



Megakaryocyte series

• Megakaryocytes reside in the bone marrow and 

have giant, extremely hyperploid nuclei (16 times 

the normal number of chromosome sets on 

average), which build up by endomitosis. 

• Thrombopoietin regulates the increase of 

megakaryocytes and the release of thrombocytes. 

• Cytoplasm with granules is pinched off from 

megakaryocytes to form thrombocytes. 

• The residual naked megakaryocyte nuclei are 

phagocytosed.



Megakaryocyte series

• Only mature thrombocytes occur in blood. 

• Very small and anuclear, their light blue stained 

cytoplasm and its processes give them a star-like 

appearance, with fine reddish blue granules near the 

center.

• Abnormalities present before anemia in 

megaloblastic disorders.



Clues from examination of 

the bone marrow

• Bone marrow cytology allows a quantitative 

assessment only in relative terms.

• In adults, normal marrow cellularity is 35–40%. 

• The important ratio of red precursor cells to white cells 

is 1 : 2 for men and 1 : 3 for women.



Clues from examination of 

the bone marrow

• Shifts towards erythropoiesis are seen in all 

regenerative anemias. 

• A left shift in the erythroid series is seen in 

regenerative anemias except hemolysis. 

• A right shift in the erythroid series is seen in hemolytic 

conditions (nests of normoblasts).

• Atypical proerythroblasts predominate in megaloblastic 

anemia and erythremia.



Clues from examination of the 

bone marrow
• Shifts toward granulopoiesis are seen in all reactive 

processes and in all malignant processes of the 

white cell series.

• A left shift in the granulocyte series is observed in all 

reactive processes and at the start of neoplastic 

transformation. In acute leukemias, undifferentiated 

and partially matured blasts may predominate. In 

agranulocytosis, promyelocytes are most abundant.

• A right shift in the granulocyte series is 

diagnostically irrelevant.



Neutropenia
• Causes:

• (1) Inadequate or ineffective granulopoiesis

• Hypocellular marrow

•    Suppression of hematopoietic stem cells

•    Suppression of granulocyte precursors (usually 

drug related) 

•        Agranulocytosis may result from direct toxic 

damage to precursors (phenothiazines)

•        Agranulocytosis may result from immune-

mediated injury (sulfa drugs)

•       Also noted in Large Granular Lymphocyte 

leukemia



Neutropenia

• Hypercellular marrow

•    Megaloblastic anemia

•    Myelodysplastic syndromes

• (2) Increased destruction or sequestration of 

neutrophils in the periphery.

• Hypercellular marrow

•     Anti-neutrophil antibodies (e.g., SLE)

•    Splenomegaly

• Serious infections are most likely when the absolute 

neutrophil count falls below 500/ul



Leukocytosis

• The peripheral blood leukocyte count is influenced 

by:

• The size of the precursor and storage cell pools in 

the bone marrow, thymus, circulation, and 

peripheral tissues

• The rate of release of cells from the storage pools 

into the circulation

• The proportion of cells that are adherent to blood 

vessel walls at any time (the marginal pool)

• The rate of extravasation of cells from the blood 

into tissues



Leukocytosis

• In acute infection there is a rapid increase in the 

egress of mature granulocytes from the bone 

marrow pool

•   Mediated through the effects of TNF and IL-1.

• IL-5 mainly stimulates eosinophil production

• G-CSF induces neutrophilia.





Morphologic change with 
infection

• Toxic granules are coarser and darker than the 

normal neutrophilic granules

•   Represent abnormal azurophilic (primary) 

granules. 

• Döhle bodies are patches of dilated endoplasmic 

reticulum that appear as sky-blue cytoplasmic 

“puddles.”

• Cytoplasmic vacuolization







Myelodysplasia

• Myelodysplastic neoplasms present after a long 

course of bone marrow insufficiency with a deficit in all 

cell lines. 

•    Pass into a phase of insidiously increasing blast 

counts and from there into frank myelogenous 

leukemia

•   25-45% develop acute myelogenous leukemia (AML)

• >50 years of age

• Men have worse prognosis

• 50% asymptomatic

• Involves all tissues (including meninges and 

testes/ovaries).









Myelodysplasia

• Acute leukemia may occur at any age. 

• Fatigue and fever common. 

• Hemorrhage occurs at a later stage. 

• Transfusion dependence is associated with poor 

survival as iron overload leads to cardiac toxicity. 

• Deferasirox (oral chelating agent) effective in 

treating iron overload.

• Untreated patients with iron overload survive 40 

months

•    With iron chelation, 160 months.



Myelodysplasia

•  Macrocytic anemia

•    Elevated levels of ferritin as well as B12/Folic Acid 

•    Hb F elevated

• pseudo Pelger-Huet with low MPO, LAP, but 

increased muramidase and esterase

• Decreased platelet aggregation

• May have positive Ham’s test

• Low cholinesterase

• Loss of A and H substance (increase Ii)

Subset suppressed by CD8 and reversible with 

antithymocyte globulin



Myelodysplasia

• Some germline mutations (GATA2, RUNX1, TERT 

genes, etc.) predispose to MDS, and must be 

suspected in MDS diagnosed at <40 years, or if 

familial history of MDS or acute myeloid leukemia 

(AML). 

• Macrocytic anemia is present in most MDS patients. 

Isolated neutropenia or thrombocytopenia are less 

frequent.

• In MDS patients, bone marrow is often hypercellular, 

but may also be normo- or hypocellular.



Myelodysplasia

• Dysplastic features can be seen in the blood but BM 

morphology is often more informative.

• The most frequent signs of dysgranulopoiesis 

include nuclear hypolobation (pseudo-Pelger-Huët) 

and hypogranularity.

• The presence of ringed sideroblasts is associated 

with somatic mutations in the spliceosome gene 

SF3B1.



Molecular alterations

• del 5, del 7 most common abnormalities

• del 5 and del 7 seen with alkylator use or mutagen 

exposure 

• No correlation with classifications

• 5q23-31 contains GM-CSF, IL-3, 4, 5, PGDF, EGF, 

dihydrofolate reducatse, glucocorticoid receptor and 

flanked by M-CSF and C-fms (encode for M-CSF 

receptor)

• Frequent alterations associated with good prognosis 

include -Y, del(20q) and non-complex del(5q), in addition 

to normal karyotype.



Molecular alterations

• del 5, del 7 most common abnormalities

• del 5 and del 7 seen with alkylator use or mutagen 

exposure 

• No correlation with classifications

• Frequent alterations associated with good prognosis 

include -Y, del(20q) and non-complex del(5q), in 

addition to normal karyotype.



Molecular alterations

• Frequent alterations associated with poor prognosis 

include del 7, trisomy 8, and complex karyotypes 

•  Monosomy 7 associated with poor chemotaxis (lack 

gp130)

• Mutations in genes involved in splicing (SF3B1, 

SRSF2, U2AF1, ZRSR2) are among the most 

frequent and are relatively specific to MDS and AML 

post-MDS.



Molecular alterations

•  N-RAS abnormalities in 25%

•    Predict early evolution to leukemia

• K-RAS abnormalities in 10% and disappear with remission 

following cytarabine

• H-RAS abnormalities in <10%

•    Considered early preleukemic event

• erb-B found with t(1,7)

• C-fms in15%

• Ia (HLA-DR), CD33, CD34 high; low CD11b predict early 

leukemic conversion

• Marrow cultures may identify prednisone responsive clones
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WHO classification
• MDS with ring sideroblasts (MDS-RS):

•  80%, mutations in the spliceosome gene SF3B1 

at 2q33.1

•     Binds pre-mRNA upstream of intron’s branch 

site

• 5 year median survival

•  Must not meet criteria for isolated del(5q)

•  Blasts < 5% BM, < 1% PB, no Auer rods 

• MDS-RS and single lineage dysplasia (former 

RARS): 

• 1 dysplastic lineage, 1 - 2 cytopenias 



WHO classification

• MDS-RS and multilineage dysplasia: 

• 2 - 3 dysplastic lineages, 1 - 3 cytopenias 

• MDS with single lineage dysplasia: 

• 1 dysplastic lineage, 1 - 2 cytopenias 

• Blasts < 5% BM, < 1% PB, no Auer rods 

• Does not meet criteria for MDS-RS or MDS with 

isolated del(5q)



WHO classification

• MDS with isolated del(5q): 

• The only cytogenetic abnormality that defines 

a subtype 

• None or any ring sideroblasts

•  1 - 3 dysplastic lineages, 1 - 2 cytopenias 

• Blasts < 5% BM, < 1% PB, no Auer rods 

• 2:1 women

• >50 years old

• 25% splenomegaly

• Thrombocytosis



WHO classification

• Generally good prognosis (5 year median 

survival)

•  if additional cytogenetic abnormality such as  

monosomy 7 or del(7q), 40% progress to 

Acute Myelogenous Leukemia with 4-11 

month survival 

• TP53 mutation is also associated with poor 

prognosis 



WHO classification

• MDS with excess blasts: 

• 1 - 3 dysplastic lineages, 1 - 3 cytopenias

• None or any ring sideroblasts 

• MDS-EB-1:

• Blasts 5 - 9% BM or 2 - 4% PB, no Auer rods 

• MDS-EB-2: 

• Blasts 10 - 19% BM or 5 - 19% PB or Auer 

rods 



WHO classification

• MDS, unclassifiable:

• MDS-U with 1% blood blasts: 

• 1 - 3 dysplastic lineages, 1 - 3 cytopenias

• None or any ring sideroblasts

• < 5% BM blasts 

• MDS-U with SLD and pancytopenia: 

• 1 dysplastic lineage, pancytopenia

• None or any ring sideroblasts

• Blasts < 5% BM, < 1% PB, no Auer rods 



WHO classification

• MDS-U based on defining cytogenetic 

abnormality: 

• 0 dysplastic lineages, 1 - 3 cytopenias, 

• < 15% ring sideroblasts

• Blasts < 5% BM, < 1% PB, no Auer rods

• MDS defining cytogenetic abnormality



WHO classification

• Refractory anemia with excess blasts in 

transformation 

•     >5% blasts in peripheral blood; 20-30% 

blasts in marrow; Auer rods

•   Includes marrows that appear leukemic but 

<30% blasts

• 1-1.5% annual incidence post chemotherapy 

• May occur 4-7years post Hodgkin’s disease or 

ovarian chemotherapy (but not at later times)

• May occur 2 years post topoisomerase inhibitor 

use (11q23 abnormality)



MDS defining cytogenetic 
abnormality

• Loss of chromosome 7 or del(7q) 

• del(5q) 

• Isochromosome 17q or t(17p) 

• Loss of chromosome 13 or del(13q) 

• del(11q) 

• del(12p) or t(12p) 

• del(9q) 

• idic(X)(q13) 



MDS defining cytogenetic 
abnormality

• t(11;16)(q23.3;p13.3) 

• t(3;21)(q26.2;q22.1) 

• t(1;3)(p36.3;q21.2) 

• t(2;11)(p21;q23.3) 

• inv(3)(q21.3;q26.2)/ t(3;3)(21.3;q26.2) 

• t(6;9)(p23;q34.1) 
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Myelodysplasia
• Favorable outcomes:

• Del 5q (15%), del 20q (5%), del 12p (1%), -Y (5%)

• Del 5q represents a functional loss of RPS14.

•     The gene encodes a component of the 40S 

ribosomal subunit. 

•      Ribosomal assembly is compromised. 

•       Macrocytic anemia and thrombocytosis 

characterize the syndrome of del 5q MDS and is 

dependent upon p53 activation.

• Low levels of Foxp3+ Treg allow the development of 

autoreactive T clones. 

• Immunosuppressive.



Myelodysplasia

• Intermediate outcome

• Trisomy 8 (10%) 

• Poor outcomes:

•  3q26 mutation (inv 3 or t(3;3) in 2%); or i17q or 

t17p mutation (2%); -7or del7q (10%); or FLT3/ITD, 

RUNX1, or p53 mutations; or myelofibrosis. 







Peripheral blood smear 

• Erythroid: 

• Dimorphic population of oval macrocytes and 

hypochromic microcytic red cells

•   Basophilic stippling, erythrocyte vacuoles, 

nucleated red blood cells, Howell-Jolly bodies 

• Granulocytes: 

• Neutropenia with immature, hypogranular forms, 

pseudo-Pelger-Hüet neutrophils), monocytosis, 

myeloblasts 

• Platelets: 

• Thrombocytopenia, giant platelets 



Bone marrow

• Erythroid: 

• Erythroid hyperplasia, ringed sideroblasts

•    Iron laden mitochondria visible as perinuclear 

granules with Prussian iron stain

•    Megaloblastoid  nuclear maturation

•    Nuclear budding abnormalities

•    Cytoplasmic vacuolization

•    PAS positive erythroblasts 



Bone marrow

• Leukocytes: 

• Myeloblasts may be increased but < 20% of non-

erythroid cells 

•    Or is defined as AML

• Abnormally localized immature precursors (ALIP) 

•    Aggregates (3 - 5) or clusters (6+) of immature 

precursors are remote from trabeculae (normal 

maturing granulocytes extend from trabeculae or 

blood vessels towards central areas) 



Bone marrow

• Neutrophils with decreased secondary granules or 

pseudo Pelger-Hüet cells

• Toxic granulations, Döhle bodies, Auer rods

• Irregular nuclear segmentation

• increased basophils or monocytes

•   Rarely monocytic nodules 

• Myeloid cells are myeloperoxidase negative



Bone marrow

• Megakaryocytes: 

• Megakaryocytes occur in clusters

• Single nuclear lobe, hypolobulation or multiple 

separate nuclei

• Micromegakaryocytes present 



Spleen

• Splenomegaly uncommon

• Erythrophagocytosis, red pulp plasmacytosis, 

extramedullary hematopoiesis 

• May see marked red pulp expansion due to 

monocytic proliferation

• Splenomegaly usually due to dyspoiesis, not 

proliferation 



Refractory sideroblastic anemia

• MDS/MPN-RS-T is characterized by refractory 

anemia, medullar dyserythropoiesis with ring 

sideroblasts accounting for >15% of erythroid 

precursors, thrombocytosis with platelet count 

>450×109/L and <5% blasts on BM smear. 

• Characterized by the combination of SF3B1 (70%–

90% of cases) and JAK2/MPL/CALR (50%–70%) 

mutations. 

• Prognosis is usually better than in other MDS/MPN.





Ringed sideroblast

An orthochromatic 

normoblast with a 

collar of blue granules 

(mitochondria 

encrusted with iron) 

surrounding the 

nucleus.

Fig.  e11-39  Accessed 

02/01/2010





Prognosis

• TP53 mutation confers a markedly inferior 

prognosis to MDS, particularly when it is multihit

•   Outcome uniformly poor irrespective of the blast 

percentage.

• MDS cases with t(3;3) or an inv(3) cytogenetic 

abnormality, even if classified as AML

• Outcome uniformly poor irrespective of the blast 

percentage.



Prognosis

• Blasts whose counts in the MDS range may bear 

mutations typically seen in de novo AML:

•     NPM1, FLT3, IDH1, RUNX1. 

• Splicing factor SF3B1 is closely associated with the 

presence of bone marrow ring sideroblasts in MDS

•    Only mutation associated with relatively favorable 

prognosis 
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Erythroleukemia

Bone marrow 

smear from a 

patient with

AML-M6 showing 

numerous 

myeloblasts

and erythroid 

precursors at all 

stages of

maturation. (Wright-

Giemsa stain).

Fig. 81A

McKenna, Robert W, and Brunning, 

Richard D, “Tumors of the bone 

marrow.” Atlas of Tumor Pathology. 

Third series. Fascicle 9. Armed 

Forces Institute of Pathology. 

Washington, DC. 1994.



Leukemia

• Acute leukemia represents a very aggressive, 

malignant transformation of an early hematologic 

precursor arrested in an immature, blast form. 

•   No longer has the ability to undergo maturation but 

may proliferate.

• Chronic leukemia is characterized by resistance to 

apoptosis and by accumulation of nonfunctional 

cells.

• Accumulation of cells in the marrow results in 

progressive hematopoietic failure, with associated 

infection, anemia, and thrombocytopenia.















Specific chromosomal aberrations such as t(8;21), 

inv(16), t(15;17) are disease-defining, irrespective of 

the quantified blast count.





WHO classification of myeloid 
leukemia

AML with specific 
cytogenetic abnormalities

AML with t(8;21) (q22;q22)  RUNX1-RUNX1T1    
     CBFα/ETO fusion gene (FAB M2)
AML with inv16 (p13;q22) or t(16;16) (p13;q22) 
    CBFβ/MYH11 fusion gene (FAB M4eo)
Acute promyelocytic leukemia  with t(15;17)(q22;q11-
12) 
    PML/RARα fusion gene (FAB M3, M3v)
AML with t(9;11)(p21.3;q23.3) 
   MMLT3-KMT2A fusion genes (FAB M4, M5)
AML with t(6;9)(p23q34.1)
   DEK-NUP214 fusion gene
AML with inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2)
  RPN1-EVI1 fusion gene
AML with t(1;22)(p13.3;q13.3)
  RBM15-MKL1 fusion gene (FAB M7)
AML with mutated NPM1
AML with mutated CEBPA



WHO classification of myeloid 
leukemia

AML
With multilineage dysplasia
With MDS-like cytogenetic 
abnormalities

With preceding MDS
Maturing cells with dysplastic features of MDS

5q-, 7q-, 20q-  common

Therapy induced AML After treatment with alkylating agents (5q-, 7q-)
After treatment with epipodophyllotoxin (11q23 MLL)

AML that does not fit above 
categories

Related to Down syndrome

Subclasses defined by extent of differentiation and 
FAB classification

Mixed phenotype acute leukemia with t(9;22)
(q34;q11.2)  
    BCR-ABL1 fusion gene
Mixed phenotype acute leukemia with t(v;11q23)
MLL rearranged Mixed phenotype acute leukemia
    B/myeloid
    T/myeloid



FAB classification of myeloid 
leukemia

Type Immunophenotype

M0 CD13+ or CD33+
CD3-, CD14-, CD22-, CD41-, CD61-, 
CD79-
Myeloperoxidase positive

AML with minimal 
differentiation; 
immunophenotype 
distinguishes from ALL

M1 CD13+ or CD33+, CD14-
Myeloperoxidase positive

Minimal maturation 
>3% peroxidase positive

M2 CD13+ or CD33+, CD14-
Myeloperoxidase positive

Maturation
>3% peroxidase positive
Granular cytoplasm

M3 CD13+ or CD33+, CD34-, HLA-DR-
Myeloperoxidase positive

Acute promyelocytic 
leukemia; some Auer rods; 
100% peroxidase positive

M4

M4eos

Acute myelomonocytic 
leukemia (20% monoblasts)
   with eosinophilia



FAB classification of myeloid 
leukemia

Type Immunophenotype

M5 CD13+ or CD33+, CD14+, HLA-DR-
Myeloperoxidase positive
Esterase positive

Acute monoblastic or 
monocytic leukemia

M6 Erythroblasts GlyA+, CD36+
Myeloblasts CD13+ or CD33+, 
CD14-
Myeloperoxidase positive

Acute erythroblastic 
leukemia (70% 
erythroblasts)

M7 CD 13-, CD33-, CD41+, CD61+ Acute megakaryoctic 
leukemia



Acute myeloid leukemia
• 80% of adult leukemias

•    20% of childhood leukemias

• Peaks after 60 years of age

• Anemia, neutropenia, thrombocytopenia secondary 

to marrow replacement by blasts

•    May have gingival hyperplasia (infiltration)

•    May have sternal pain (marrow expansion)

• A marrow and/or blood blast count of ≥20% is 

required to diagnose AML except for rare cases with 

disease- defining genetic alterations, such as 

t(8;21)/RUNX1- RUNX1T



Acute myeloid leukemia
• >20% blasts in the bone marrow.

• The most common chromosomal rearrangements 

are:

• t(8;21)

•   Disrupt the CBF1α gene, exhibiting the RUNX1-

RUNX1T1 fusion gene

•    inv 16 t(16;16)

•   CBF1β-MYH11 fusion gene.

• Cells exhibit a partial or complete block in terminal 

differentiation. 



Acute myeloid leukemia
• A deficit of CBF1a/CBF1b activity is not sufficient to 

cause leukemia. 

• Rather, the daughter cells die (failure of 

hematopoiesis).  

• Tyrosine kinase mutation is required in addition to 

transcription factor mutations to produce acute 

myeloid leukemia.

• CEBPA mediates lineage specification and 

differentiation

• 14% cytogenetically normal.



Myeloblasts and a promyelocyte

Fig. 23

McKenna, Robert W, and Brunning, Richard D, “Tumors of the bone marrow.” Atlas of Tumor Pathology. Third series. Fascicle 9. 

Armed Forces Institute of Pathology. Washington, DC. 1994.







Acute myeloid leukemia. 

Leukemic 

myeloblast with an 

Auer rod. Multiple 

large, prominent 

nucleoli are noted.

Fig. e11-40  Accessed 02/01/2010



Auer rod

Type I myeloblasts have no 

granules; type III have many 

azurophilic granules. These 

cells are myeloblasts of a 

patient with acute 

myelogenous leukemia.  

These myeloblasts contain 

Auer rods (arrowheads).

Fig. 26

McKenna, Robert W, and Brunning, Richard D, 

“Tumors of the bone marrow.” Atlas of Tumor 

Pathology. Third series. Fascicle 9. Armed Forces 

Institute of Pathology. Washington, DC. 1994.



Risk status

Core binding factor AML with t(8;21) (q22;q22)
    PML-RARA subgroup
    CBFα/ETO fusion gene
Core binding factor AML with inv16 (p13;q22) or 
t(16;16) (p13;q22)
    CBFB-MYH11 subgroup, without C-KIT mutation
Normal cytogenetics with an NPM1 mutation 
Normal cytogenetics with an isolated CEBPA 
mutation in the absence of FLT3-ITD

Favorable prognosis

Normal cytogenetics
Trisomy 8  (often MDS)
t(9;11)(11q23) 
    MLLT3-MLL subgroup
t(8;21), inv 16 or t(16;16) with C-KIT mutation
Acute promyelocytic leukemia  with t(15;17)(q22;q11-
12)
     PML/RARα fusion gene

Intermediate prognosis



Risk status

>3 abnormal clones or monosomal karyotype
Del 5, 5q-, del 7, 7q-, p53 mutation
t(v,11q23)
    MLL rearranged
Inv 3(q21q26.2) or t(3;3)(q21:q26.2)
   RPN1-EV11 subgroup 
Normal cytogenetics with an FLT3/ITD mutation in the 
absence of an NPM1 mutation
t(6;9) (p23:q34)
    DEK-NUP214 subgroup
t(9;22)  occurs rarely in AML
BAALC

Poor prognosis







AML 

•  Alkylating agents and topoisomerase II inhibitors 

(esp. etoposide) lead to AML at 1%/year

• M1 (myeloid), M2, M4 (myelomonocytic) common 

• M4, M5 (monocytic) usually follow etoposide

•     t(11;21)

• t(5;17);t(8;21), inv16 favorable

• t(8;21) extramedullary

• M3 (promyelocytic leukemia)

•     T(15;17)

• Hyperfibrinolysis in hypergranular M3, M5



AML Risk

• Favorable prognosis

• 45%, normal karyotype 

• 30%,  NPM1 mutation 

•  Affects nucleolus and ribosome biogenesis

•      Maintenance of genomic stability

•        Regulates p53 and ARF  

•           Loss of tryptophan residues affects nucleolus 

stability 



AML Risk

• 10%, CCAAT/enhanced binding protein α (CEBPA) 

biallelic mutations

•     CEBPA N-terminus frame shift creates a dominant 

negative, shorter protein

•        C-terminus, dysfunctional protein results.

• FLT3 wild type

• FLT3/ITD duplications

• Mixed lineage leukemia (MLL).



AML Risk
• Intermediate prognosis

• FLT3/ITD mutation

• FLT3/ITD mutation negates good risk of NPM1 

mutation.

• MLL-PTD positive.

• IDH1 (isocitrate dehydrogenase) mutations (and 

IDH2) are found in 10% of patients.  

•    Gain of function 

•    A negative regulator of TET2 (controls DNA hypo- 

or hypermethylation). 

•       t(10;11)) leads to hypermethylation and is 

associated with better prognosis.



AML Risk

• Poor prognosis

• 10%, p53 mutations

• C-KIT mutation associated with adverse outcomes

• WT1 mutations are noted in 6-7% of cohorts and is 

associated with short recurrence free interval and 

survival.

• RUNX1 also associated with negative prognosis. 

•    Found in myelodysplastic syndrome, radiation 

induced AML.



AML Risk

• NF1 mutation associated with juvenile 

myelomonocytic leukemia.

• BAALC (brain and acute leukemia, cytoplasmic) 

• ERG (ets-related gene) 

• EV1 (ectropic viral integration site)



Acute myeloid leukemia
• Leukemic stem cells have lesser expression of 

genes associated with proliferation and with cell 

cycle regulation

• Leukemic stem cells over-express HOPX.  

•   Permits recruitment of histone decarboxylase 

activity without the need for direct DNA binding.

•   It interacts with multiple pluripotency genes.

• High expression of leukemic stem cell gene 

signature is of poor prognosis independent of other 

markers.



Acute myeloid leukemia

• Leukemic stem cells are generally CD34+, CD38-

• Leukemic stem cells are generally CD133+

• Leukemic stem cells generally have a BAALC 

mutation at 8q22.3

• CLL-1 a lectin like molecule, is an AML stem cell 

antigen not found on progenitor cells



Immunologic classification of 

morphologically indistinct leukemia

B-lymphocyte T-lymphocyte Myeloid

Pathognomonic Surface IgM+ CD3+
TCR+

MPO+

High likelihood CD19+
CD20+
CD10+
CD79a+

CD2+
CD5+
CD8+
CD10+

CD17+
CD13+
CD33+
CD65+

Suggestive TdT
CD24+

TdT
CD7+
CD1a+
CD79a+

CD14+
CD15+
CD64+



Acute myeloid leukemia

• The most common secondary malignancy in children. 

•     11q23 is unfavorable and usually reflects prior 
epipodyphyllotoxin use

• 80% of children younger than 2 years of age have an 
M4 or M5 subtype

•     40% if older than 2 years of age

• Monosomy 7 or WBC >100,000/fl is associated with 
poor response to induction therapy.

• Inv 16 and t(8;21) associated with good response.

• Marrow failure syndromes such as Fanconi’s anemia 
are associated with development of AML.



Acute myeloid leukemia

• 75-85% of children achieve complete remission after 
induction with an event free survival rate at 5 years 
of 40%.

• CNS involvement is more common than in ALL and 
is associated with M4 and M5 subtypes and inv 16 
or t(9;11)11q23 abnormalities.





Juvenile myelomonocytic 
leukemia

• JMML is an MDS/MPN of infancy characterized by 

granulomonocytic expansion and dismal prognosis 

without treatment (median survival 10–12 months).

•  Somatic or germline mutations in RAS pathway 

genes are found in >90% of cases.

• Diagnostic criteria include: peripheral blood (PB) 

monocy tes >109/L, splenomegaly and either a 

somatic mutation in PTPN11, NF1, CBL, KRAS 



Juvenile myelomonocytic 
leukemia

• OR

• NRAS or two of the following criteria: increased 

haemoglobin F, erythromyeloid precursors on PB 

smear, GM-CSF hypersensitivity in colony assays or 

STAT5 hyperphosphorylation.

• Allogenic stem cell  transplant is curative







Acute promyelocytic leukemia

• t(15,17) abnormality. 

• Retinoic acid receptor-a (RARα) normally activates 

transcription, but when fused to PML, it is converted 

to a repressor that turns off genes required for full 

and complete myeloid differentiation. 

• All trans retinoic acid (ATRA) acts as a differentiator 

(promotes myotubule formation) and is used in 

therapy.



Acute promyelocytic leukemia

• Also frequently acquire point mutations in FLT3, a 

tyrosine kinase, that result in its constitutive 

activation

•    Synergize with the block in differentiation 

produced by the RARα-PML fusion protein. 



Acute promyelocytic leukemia

Fig. 49

McKenna, Robert W, and Brunning, Richard D, “Tumors of the bone marrow.” Atlas of Tumor Pathology. Third 

series. Fascicle 9. Armed Forces Institute of Pathology. Washington, DC. 1994.



Acute promyelocytic leukemia

Prominent cytoplasmic 

granules are present in 

the leukemia cells.

Fig. e11-11   Accessed 02/01/2010



Acute myelomonocytic leukemia

Fig. 57

McKenna, Robert W, and Brunning, Richard D, “Tumors of the bone marrow.” Atlas of Tumor 

Pathology. Third series. Fascicle 9. Armed Forces Institute of Pathology. Washington, DC. 

1994.



Acute monoblastic leukemia

Fig. 67

McKenna, Robert W, and Brunning, Richard D, “Tumors of the bone marrow.” Atlas of Tumor 

Pathology. Third series. Fascicle 9. Armed Forces Institute of Pathology. Washington, DC. 1994.



Acute basophilic leukemia

Fig. 99

 McKenna, Robert W, and 

Brunning, Richard D, 

“Tumors of the bone 

marrow.” Atlas of Tumor 

Pathology. Third series. 

Fascicle 9. Armed Forces 

Institute of Pathology. 

Washington, DC. 1994.



Acute megakaryoblastic 
leukemia

Bone marrow smear from a 14-

month-old child containing large 

blasts and promegakaryocytes. The 

promegakaryocytes are larger than 

the blasts and have a coarse nuclear 

chromatin and irregularly shaped 

nuclei; cytoplasmic budding is 

present. Neutrophil precursors are 

present. (Wright-Giemsa stain).

Fig. 92 A

 McKenna, Robert W, and Brunning, Richard D, “Tumors of the 

bone marrow.” Atlas of Tumor Pathology. Third series. Fascicle 9. 

Armed Forces Institute of Pathology. Washington, DC. 1994.



AML with dysplasia

• The WHO classification gives a special place to AML 

with dysplasia in two to three cell series, either as 

primary syndrome or following a myelodysplastic 

syndrome  or a myeloproliferative disease .

• Criteria for dysgranulopoiesis: 

• >50% of all segmented neutrophils have no granules 

or very few granules, or show the Pelger-Hüet 

anomaly, or are peroxidase-negative.



AML with dysplasia

• Criteria for dyserythropoiesis: 

• >50% of the red cell precursor cells display one of 

the following anomalies: karyorrhexis, 

megaloblastoid traits, more than one nucleus, 

nuclear fragmentation.

• Criteria for dysmegakaryopoiesis: 

• >50% of at least six megakaryocytes show one of 

the following anomalies: micromegakaryocytes, 

more than one separate nucleus, large mononuclear 

cells.

. 



Hypoplastic AML

• There are times in the “aleukemic” leukemias of the 

FAB or WHO classifications, where the bone marrow 

is largely empty and shows only a few blasts, which 

usually occur in clusters. 

• In such a case, a very detailed analysis is essential 

for a differential diagnosis of aleukemic leukemia as 

opposed to aplastic anemia. 



Transient myeloproliferative 

disorder of Down’s syndrome

• Affects 10% of newborns with Down’s syndrome. 

• Rarely occurs with trisomy 21 without Down’s 

syndrome.

• Resembles congenital acute leukemia

• Occurs within first days of life with numerous blasts 

in peripheral blood, more than in marrow

• Usually resolves in 2-14 weeks in neonates

• 20-30% progress to AML-M7/AMKL within 3 years.

• Early death in 17%

• Associated with hepatic fibrosis 



Transient myeloproliferative 

disorder of Down’s syndrome
• Mutations in GATA1 gene in almost all cases (compared 

to 4% of all Down’s syndrome infants). 
•      Loss of GATA1 impairs maturation of megakaryocyte 

and erythroid progenitors.
• Specific mutations may differ in TMD and subsequent 

AML-M7/AMKL 
• JAK3 mutations found in 50%. 
•        JAK1 mutations found in those Down’s patients who 

develop lymphoblastic leukemia.
•    Reacts with STAT. Stimulates IL-2, 4, 10 receptor 

families.
• CD41 (100%), CD45 (100%); also CD7 (93%), CD34 

(89%), HLA-DR (80%) 



Chronic myeloid leukemia

• The common attributes of chronic myeloproliferative 

diseases are onset in middle age, fatigue, 

development of splenomegaly, and slow disease 

progression.

• 95% t(9;22) 

•     Philadelphia chromosome 

•    BCR-ABL translocation

• 5-6 year survival in chronic phase

• <1 year in accelerated phase

• <6 months in blast phase



Chronic myeloid leukemia

• Accelerated Phase  

• Bone marrow or peripheral blood blasts of 10%-19%

• Peripheral blood basophils >20%

• bcr rearrangement

• Blast phase (“crisis”)

• Bone marrow or peripheral blood blasts greater than or equal to 

20% 

• Myeloid sarcoma 

• Presence of lymphoblasts (>5%) suggesting lymphoblastic crisis

 



Myeloid sarcoma

Lymph node-associated mass 

from the anterior cervical 

region of a 7-year-old boy. 

Most of the cells are immature, 

with round to oval nuclei with 

distinct, relatively prominent, 

eosinophilic nucleoli. The

majority of cells have moderate 

to abundant cytoplasm. 

Several immature eosinophils 

are present. (Hematoxylin and 

eosin stain). 

Fig. 111 A

McKenna, Robert W, and Brunning, Richard D, “Tumors 

of the bone marrow.” Atlas of Tumor Pathology. Third 

series. Fascicle 9. Armed Forces Institute of Pathology. 

Washington, DC. 1994.



























Chronic myeloproliferative 
disorders

• Tyrosine kinase abnormalities:

• CML  manifests BCR-ABL fusion gene

• Polycythemia vera manifests JAK2 mutation

• Essential thrombocythemia and primary 

myelofibrosis manifest JAK2 or MPL mutations

• Systemic mastocytosis manifests c-kit mutations

• Chronic eosinophilic leukemia commonly manifests 

FIP1L-PDGFRα fusion gene

•   Rarely, PDE4DIP-PDGFRβ fusion gene

• Stem cell leukemia manifests FGRF1 fusion genes





Chronic myeloid leukemia

Fig. e11-45  Accessed 02/01/2010



Chronic myeloid leukemia

Three basophils and all

stages of neutrophil 

maturation, including

two early 

promyelocytes, are 

shown. The

increased platelets are 

normal in appearance.

(Wright-Giemsa stain)

Fig. 225 

McKenna, Robert W, and Brunning, Richard D, 

“Tumors of the bone marrow.” Atlas of Tumor 

Pathology. Third series. Fascicle 9. Armed 

Forces Institute of Pathology. Washington, DC. 

1994.

  



Chronic myeloid leukemia

Pseudo-

Gaucher 

cell.

Fig. 2257

McKenna, Robert W, and 

Brunning, Richard D, 

“Tumors of the bone 

marrow.” Atlas of Tumor 

Pathology. Third series. 

Fascicle 9. Armed 

Forces Institute of 

Pathology. Washington, 

DC. 1994.



Chronic myeloid leukemia

Bone marrow smear from a 

patient with CML in 

myeloblastic 

transformation.

Approximately 50 percent of 

the leukocytes are blasts. 

(Wright-Giemsa stain).

Fig. 235  

McKenna, Robert W, and Brunning, Richard D, 

“Tumors of the bone marrow.” Atlas of Tumor 

Pathology. Third series. Fascicle 9. Armed Forces 

Institute of Pathology. Washington, DC. 1994.



Chronic myeloid leukemia

Blood smear from a 

56-year-old woman 

with a Ph1 positive 

chronic myelogenous 

leukemia, presenting 

with a leukocyte 

count of 200,000/fL. 

Forty-one percent of 

the white cells are  

lymphoblasts (small 

with a high nuclear-

cytoplasmic ratio,

condensed nuclear 

chromatin, and 

generally indistinct or 

no evident nucleoli). 

TdT positive. (Wright-

Giemsa stain)..

Fig. 250

McKenna, Robert W, and Brunning, Richard D, “Tumors of the bone marrow.” Atlas of Tumor 

Pathology. Third series. Fascicle 9. Armed Forces Institute of Pathology. Washington, DC. 1994.





Atypical chronic myelocytic 
leukemia

• aCML is a rare disease of the elderly with a dismal 

prognosis (median survival ~24 months) and 

frequent (40%) transformation to AML.

• Diagnostic criteria include hyperleukocytosis with 

>10% neutrophil precursors, dysgranulopoiesis, no 

or minimal basophilia and monocytosis, 

hypercellular BM with granulocytic proliferation and 

dysplasia. Classical MPN, including BCR-ABL CML 

and AML, must all be excluded.



Atypical chronic myelocytic 
leukemia

• SETBP1 and ETKN1 mutations are found in up to 

one third of cases. 

• CSF3R mutations are rare and warrant exclusion of 

chronic neutrophilic leukemia.



Chronic myelomonocytic 
leukemia

• Absolute peripheral monocytosis with/without 

dysgranulopoiesis

• Splenomegaly in 32%

• 17-53% leukemic conversion

• 18 month median survival

•      hydroxyurea palliation

• Consider in cases of Ph negative CML





Chronic myeloproliferative disorders

• Primary Myelofibrosis is characterized by fibrosis in 

bone marrow and splenomegaly. 

• Leukoerythroblastosis and tear drop cells

• Philadelphia chromosome negative.

• Del 13q, del 15q, del 20q, del 7, trisomy 8, trisomy 

9, i17, inv 3, 12p-, 11q23 rearrangements 

associated with poor prognosis

• IL6, TIMP1, MIP1b, IGFBP2, TGFβ, and PDGF 

overproduction. 

• AKT/mTOR may also be activated.



CML risk factors

• Hemoglobin <10.0 g/dL

• The need for red cell transfusions

• Platelet count <100,000ul

• Unfavorable karyotype

• Age >65years

• WBC >25,000/fl

• Circulating blasts >1% 



CML risk factors

• If no risk factors at diagnosis, median survival is 

15.4 years

• If one risk factor, 6.5 years

• 2 or 3 risk factors, 2.9 years

• If 4 risk factors, 1.3 years.

• 10% transformation rate to myelogenous leukemia.

• If only 1 risk factor and JAK mutation, the JAK1/2 

inhibitor, ruxolitinib is employed as therapy. 

• If 2-3 risk factors, and less than 65 years of age, 

proceed to allogenic marrow transplant.

• If 5q- karyotype and symptomatic, lenalidomide is 

employed as therapy.



Polycythemia vera

• Polycythemia vera (increased red cell mass) and 

essential thrombocythemia often show similar traits 

of markedly elevated thrombocyte counts or 

elevated levels of hemoglobin and have a tendency 

to secondary bone marrow fibrosis.

• Clonal stem cell disorders. 

• JAK2 mutation in all polycythemia vera cases.

• 10 year median survival. 1

• 1-5% yearly transformation rate to acute leukemia.

• May see massive splenomegaly

• May lead to (secondary) myelofibrosis.







Essential thrombocythemia 
• Largely found in females. 
• Median age 60 years 
•    May seen in those younger than 40. 
• 50% JAK2 mutations
• 10% MPL mutations 
•    Tyrosine kinase activated by thrombopoietin
• Platelet count >450,000/fl, megakaryocytic 

hyperplasia on bone marrow biopsy, absence of the 
Philadelphia chromosome (BCR-ABL gene 
rearrangement), and normal iron stores are 
necessary for a diagnosis of essential 
thrombocythemia.

• 20+ year survival if young, no previous thrombosis.





































Treatment

• Allogenic stem cell transplant should be considered 
in all patients with higher- risk MDS (IPSS 
intermediate-2/high, IPSS-R high/very high) or 
otherwise delayed, except perhaps in some IPSS-R 
intermediate patients.

• Hypomethylating agents are active in higher-risk 
MDS. 

• 16%  may benefit from low dose cytarabine
• Short lived improvement with13-cis-retinoic acid in 

small subset of patients (20%), pyridoxine (1%)
• Azacytidine improves overall survival over 

conventional care in patients not eligible for 
transplant.



Fig. 80

McKenna, Robert W, and Brunning, Richard 

D, “Tumors of the bone marrow.” Atlas of 

Tumor Pathology. Third series. Fascicle 9. 

Armed Forces Institute of Pathology. 

Washington, DC. 1994.

Modified from Bennett JM, Catovsky D, 

Daniel MT, et al. Proposed revised criteria 

for the classification of acute myeloid 

leukemia. A report of the French-American-

British Cooperative Group. Ann Intern Med 

1985;103:626-9.



https://ascopubs.org/doi/full/10.1200/EDBK_320113



MDS treatment strategies

• RARS has 75 month median survival.

• RCMD and RCMD-RS have 25 month median 

survival.

• Poor prognostic factor is hemoglobin <8g/dl, 

suggesting transfusion dependence. 

• Multiple transfusions lead to iron overload 

• Iron overload (ferritin >1000ng/ml) is also poor 

prognostic factor.

•    Chelation required

• Multiple transfusions lead to alloimmunization.



MDS treatment strategies

• Must produce erythropoietin for administration of 

erythropoietin to be beneficial. 

•    May stimulate tumor growth, however

•    Higher risk of thrombosis. 

• Intensive antileukemic therapy show 60% complete 

remission rate (better in patients <50yo)

•      t(8,21), inv16 had 100% CR

• Allogeneic bone marrow transplant 

•      50% 3yr, 33% 4yr survival



MDS treatment strategies

• Lenalidomide preferred for del 5q.

• Hypomethylating agent azacitidine useful in high risk 

myelodysplastic syndrome. 

• 48% of patients respond. 

•     Synergistic with histone deacetylase inhibitor 

(valproate, weak inhibitor).

• Clofaribine yields 30% complete remissions. Renal 

failure a risk.

• Thrombocytopenia a common outcome of therapy. 

• Allogenic bone marrow transplantation may be 

curative.

































AML treatment strategies

• Seven days of cytarabine and three days of 

anthracycline induction therapy for non-t(15;17) 

acute myelogenous leukemia leads to a complete 

remission in 81% of those CD34+ (41% if CD34-).

• Anthracycline vital if complete remission desired.

• If no remission after 14 days (bone marrow 

examination), induction repeated or high dose 

course of anthracycline, cytarabine, and amifostine 

begun.

• 25% 5 year survival; 7% treatment deaths. 



AML treatment strategies

• For those younger than 60 years of age,  

consolidation with cytosine arabinoside follows 

complete remission.

• For those older than 60 years of age with minimal 

co-morbidity and favorable cytogenetics/molecular 

mutations, consolidation follows with a shorter 

course of cytosine arabinoside and idarubicin. 

•      Idarubicin less affected by P-glycoprotien pump

• May benefit from autologous stem cell rescue.

• Those with favorable risk may have 5 year survivals 

approaching 40%. Poor risk, <10%.



AML treatment strategies

• Addition of FLT3 inhibitors (e.g. midostaurin) to 
induction, consolidation and maintenance therapy in 
FLT3-mutated AML has recently shown promising 
results.

• Prevent thrombocytopenic hemorrhage (<10,000/dL) 
and control infection before AML induction

• Patients with leukocytosis at high risk for intracerebral 
hemorrhage; 600cGy in a single fraction with 
hydroxyurea for two days is emergency therapy

• Leukapheresis not more effective
• Begin allopurinol  1-2 days before therapy
• Hematologic growth factors may be harmful in priming



AML treatment strategies

• Allogeneic marrow transplant if intermediate or high 

risk patient though 25% mortality rate.

• Transplantation without prior induction 

chemotherapy associated with similar outcomes as 

if having received induction chemotherapy.

• Relapsed disease poor prognosis. 

• CNS relapse usually followed by systemic relapse.

• Azacitidine or demcitabine use in chromosome 7 

abnormality has led to cytogenetic response.

• Low dose azacitidine offers significantly overall 

survival with fewer hospitalizations and infections  

than do conventional regimens in older patients.



AML treatment strategies

• Lenalidomide  affects micro-vessel density.  Induces 

tumor cell apoptosis directly through its effect on 

stromal support cells. Following azacitidine, 

lenalomide improves complete remission rate in 

older patients.

• Gemtuzumab ozogamicin (Anti-CD33 antibody 

conjugate) effective induction regimen in older 

patients with favorable or intermediate risk 

cytogenetics.



AML treatment strategies

• Quizartinib is an FTL3 kinase inhibitor.

• Volaserib is a polo-like kinase inhibitor (PLK1) with 

good responses across all genetic groups.

• Bortezomib, a proteasome inhibitor, with 

daunorubicin and cytosine arabinoside, an effective 

induction regimen in trials now underway.



AML treatment strategies

• Pregnant patient has fetus at risk in 1st trimester

• Alopecia, emesis, diarrhea universal

• Exfoliative keratitis,stomatitis common

• Spontaneously rising platelet count first sign of 

complete remission

• If post-treatment marrow shows residual leukemia 

without granulocytic maturation, re-examine in several 

days (common with anthracyclines)

• If platelet rise is transient and incomplete, generally 

failure; may be folate deficiency, particularly in elderly

• If only failure is thrombocytopenia, may respond to 

cyclosporin A 









Refractory sideroblastic anemia

• Clinical management includes ESAs and/or 

transfusions to treat anemia, iron chelation (as 

established for low-risk MDS) in frequently 

transfused patients and low-dose aspirin (as 

established for essential thrombocytosis).



Low risk APL

WBC< 10,000 fl



High risk APL
WBC> 10,000 fl



High risk APL

WBC> 10,000 fl

Cardiac issues



Relapsed APL
Molecular or morphologic failure



APL treatment strategies

• Non-chemotherapy regimen of  retinoic acid (ATRA) 

and arsenic trioxide effective in acute promyelocytic 

leukemia at low or intermediate risk.

• It is less toxic than chemotherapy.

• Relapsed disease is treated with arsenic trioxide until 

second complete remission (average, 35 days). 85% 

achieve complete remission.

• Stem cell transplantation with busulfan and 

cyclophosphamide consolidation is superior to 

conventional consolidation therapy in favorable and 

intermediate risk patients, especially if Minimal 

Residual Disease negative.



APL treatment strategies

• Induction therapy for high risk disease is (ATRA) 

daily until complete remission, combined with an 

anthracycline and cytarabine followed by allogenic 

stem cell therapy.

• Consolidation with alternating anthracycline/ 

anthracenedione (idarubicin, mitotranxone, 

idarubicin).

• Maintenance with daily ATRA, daily 6-

mercaptopurine and weekly methotrexate.



APL syndrome

Retinoic acid syndrome

• Fever, dyspnea, pulmonary infiltrates, edema and 

effusions, renal dysfunction, and hypotension.

• Associated with rapidly rising neutrophil count.

• Capillary leak and cytokine release 

• Seen in 20% of patients on ATRA induction or with 

arsenic trioxide induction.

• Manage with dexamethasone.

• Safe to use ATRA for maintenance once acute 

syndrome over.



APL treatment strategies

• Relapse is noted in 60-80% of cases of acute 

myelogenous leukemia post complete remission. 

• If the relapse occurs before 6 months of remission, 

the prognosis is poor.

• Idarubicin and ATRA for relapse.



APL treatment strategies

• Reinduction is possible if relapse occurs >12 

months post complete remission.

• Fludarabine and cytosine arabinoside with an 

anthracycline is associated with complete remission 

in 55% of patients.

• For relapsed acute promyelocytic leukemia, aresnic 

trioxide is administered daily to complete remission 

(average 35 days; 85% achieve).

• Arsenic trioxide prolongs the QT interval and is also 

associated with neuropathy. 25% of patients 

develop APL syndrome.



Chronic phase CML

BCR-ABL1









CML treatment strategies

•  Imatinib, a tyrosine kinase inhibitor, induces cytogenetic 

responses in chronic myelogenous leukemia. 

•      It does not eliminate the cancer stem cell.

•      Rise in histamine levels following imatinib therapy is a 

poor prognostic sign.

•   Rapid BCR-ABL doubling time may indicate blast crisis (or 

cessation of therapy as a result of non-adherence). 

•   Long doubling times are typical with the emergence of 

BCR-ABL mutations in patients who maintain the chronic 

phase.
 



CML treatment strategies

• Approximately 86% of patients who achieve a 

complete cytogenetic response (loss of Ph 

chromosome) will not progress. 

• However, 95% of those patients who achieve a 

major molecular response (loss of BCR-ABL) will not 

progress.

• If a complete molecular response is achieved within 

6-12 months of therapy, 69% are likely to maintain 

that response as opposed to 37% of patients who 

require between 12 and i8 months to achieve that 

state.



CML treatment strategies

• Approximately 40% of patients who achieve a stable 

complete molecular response of at least 2 years duration 

can maintain the response following discontinuation of 

imatinib.

• Patients who are still BCR-ABL positive after 2 years of 

imatinib  therapy are switched to nilotinib as it improves 

their chances of achieving a complete molecular 

response. 

• T3151 mutation associated with resistance. Sunitinib 

(receptor tyrosine kinase inhibitor) employed.

• Loss of Y chromosome associated with fewer responses 

but does not affect overall survival.



CML treatment strategies

• Allogeneic stem cell transplant may be curative in chronic 

phase.

• IFN-α induces cytogenetic responses; effective with 

cytarabine. (Less effective than imatinib). Eliminates cancer 

stem cell.

• Hydroxyurea may be used as a debulking agent prior to stem 

cell transplantation.

• 30% of those in blast phase are TdT or CD10 positive. May 

respond to ALL therapy.

• Lymphoid blast stage may respond to induction with 

vincristine, prednisone, and dasatinib.

• Allogenic stem cell transplant



PV treatment strategies

• Polycythemia vera patients generally present following 

a thrombotic or hemorrhagic event.

• Headache, weakness, epigastric distress, and pruritis 

may be present.

• Maintaining an hematocrit <45% decreases the 

incidence of thrombotic complications 

•   The initial event is fatal in 35% of cases.

• Phlebotomy and low dose aspirin are recommended 

for those younger than 60 years of age and without 

thrombocytosis. 

• There is a risk of bleeding.



PV treatment strategies
• Allopurinol is reserved for those with hyperuricemia.

• JAK inhibitors are associated with high response 

rates

• Consider hydroxyurea (begin 15-20 mg/kg/d) in 

those >60 years old with a history of a previous 

thrombosis.  

• High risk polycythemia vera patients are treated with 

hydroxyurea (but 6% yearly transformation rate).

• If compliance is a problem, 32P administration 

should be considered. 

• Hydroxyurea and 32P are leukemogenic.  



ET treatment strategies

• Risk stratification in essential thrombocythemia is 

primarily based upon factors that influence the 

occurrence of thrombotic complications. 

•     20% present with major thrombotic events.

•     Elevated white count associated with thrombosis 

risk.

• Low dose aspirin is recommended. There is a risk of 

bleeding. 



ET treatment strategies

• Angrelide, a cAMP phosphodiesterase inhibitor, also 

functions to interfere with megakaryocyte 

proliferation and platelet production, and may be 

used successfully (but not with aspirin).

• High risk patients are treated with hydroxyurea (but 

6% yearly transformation rate to leukemia).

• JAK inhibitors show promise.

• Allogeneic bone marrow transplantation may benefit 

younger patients with myelofibrosis. 




