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LYMPHATIC SYSTEM



3. Essential Thrombocythemia (ET)

- A clonal stem cell disorder characterized by elevated platelet counts and fulfills all 4 WHO criteria:

1. Sustained Platelet count > 450,000 /µl

2. Hyperplasia of large mature marrow megakaryocytes with no significant granulopoiesis or 
erythropoiesis.

3. Not meeting WHO criteria for PV, PMF, BCR-ABL1+CML or MDS, or other Myeloid Neoplasms

4. JAK2, MPL or another clonal marker, if not: absence of known causes of reactive thrombocytosis.



❑ Clinical Findings

- Usually, > 60 yrs.

- No symptoms early in the clinical course.

- Hemorrhage or thrombotic episodes.

◦ Recurrent gastrointestinal bleeding and epistaxis are common.

◦ Venous or arterial thrombosis.

◦ Throbbing and burning in palms, soles, and toes (erythromelalgia).

◦ Iron deficiency due to recurrent bleeding episodes.

- Splenomegaly.

- Acute leukemia 10% of patients



❑ Pathology:

❑Bone marrow:

- Cellularity is usually only mildly increased, but 
megakaryocytes are often markedly increased in 
number and include abnormally large forms (hyper 
lobulated nuclei (staghorn nuclear appearance). 

❑ Peripheral smears

- Usually reveal abnormally large platelets

❑Modest degrees of extramedullary hematopoiesis may 
occur, producing mild organomegaly.

Peripheral blood smear shows marked thrombocytosis, 
including giant platelets approximating the size of 
surrounding red cells.



Essential Thrombocythemia (ET)



4. Primary Myelofibrosis

A chronic myeloproliferative disorder characterized by:

❑Bone marrow fibrosis

❑Leukoerythroblastosis 

❑Splenomegaly and extramedullary hematopoiesis

❖Fibroblast proliferation stimulated by platelet-derived growth factor(PDGF)and 
transforming growth factor β (TGF β) released from neoplastic megakaryocytes.



❑ WHO Criteria: overt fibrotic stage, all 3 major and at least 1 minor 
for Dx

Major:

1. Megakaryocytes proliferation+ 
fibrosis

2. Not meeting PV, CML, MDS, or MN 
by WHO criteria

3. JAK2 or other clonal but if not: no 
evidence of reactive fibrosis

Minor:

1. Leukoerythroblastosis

2. Increase in LDH

3. Anemia

4. splenomegaly

5. Leukocytosis

The median survival is in the range of 4 to 5 years.



❑ Clinical Findings

- Usually, > 60 yrs.

- Progressive anemia and splenomegaly.

- Fatigue, weight loss, and night sweats are common. 

- Hyperuricemia and secondary gout resulting from a high rate of cell turnover 
are also frequent.



• Morphology

- Peripheral blood:

- Anemia with progressive worsening. Teardrop cells

- WBC count: Elevated (early), normal or reduced 

- PLt: Normal or elevated (Early), decreased (Late)

- Leukoerythroblastosis (Red cells exhibit bizarre shapes (poikilocytes, teardrop cells), and 
nucleated erythroid precursors along with immature white cells (myelocytes and metamyelocytes)).

- Abnormally large platelets

- Bone marrow:

- Hypercellular (Early), Hypocellular, and diffusely fibrotic (Advanced)

- Bone marrow aspiration usually results in a "dry" tap.

- Throughout the course, marrow megakaryocytes are present in clusters and have characteristic 
hyperchromatic nuclei with “cloudlike” outlines. 





Primary myelofibrosis—peripheral 
blood smear. 

-Two nucleated erythroid precursors 
and several teardrop-shaped red cells 
are evident.



Reticulin Fibrosis



JAK2 Mutations in MPN

95%

50%

50%





Myelodysplastic Syndromes (MDS)

Clonal disorders of hematopoietic stem cells characterized by maturation defects and:

◦ Ineffective hematopoiesis (bone marrow failure).

▪ hypercellular bone marrow.

▪ Peripheral pancytopenia.

◦ Morphologic abnormalities (dysplasia) of peripheral blood and bone marrow cell

◦ A tendency to develop acute myeloid leukemia.

- Idiopathic or secondary to radiation and alkylating chemotherapy



❖ Pathogenesis

- Mutations in transcription factors

- Frequent mutations in factors that regulate DNA methylation.

- May have mutations in TP53.

- Recurrent chromosomal abnormalities, including deletions of 5q, 7q, and 20q, and 
trisomy 8.



❖ Clinical Features and prognosis:

- Presents between the ages of 50 and 70 yrs 

- Infections, symptoms related to anemia or 
hemorrhage.

- Response to conventional chemotherapy is poor

- Prognosis variable: the median survival time ranges 
from 9 to 29 months



❖ Morphology

The marrow is populated by abnormal-appearing hematopoietic precursors. Some of the more common 
abnormalities include:

❑ Megaloblastoid erythroid precursors resembling those seen in the megaloblastic anemias.

❑ Erythroid forms with iron deposits within their mitochondria (ring sideroblasts)

❑ Granulocyte precursors with abnormal granules or nuclear maturation (Hyposegmented and 
occasionally hypersegmented neutrophils

❑ Small megakaryocytes (Micromegakaryocytes) with single small nuclei or multiple separate nuclei.



Myelodysplasia. Characteristic forms of 
dysplasia are shown (A, B, D, Marrow 
aspirates; C, peripheral blood smear.)

A, Nucleated red cell progenitors with 
multilobated or multiple nuclei.

B, Ringed sideroblasts, erythroid 
progenitors with iron-laden mitochondria 
seen as blue perinuclear granules (Prussian 
blue stain). 

C, Neutrophils with only two nuclear lobes 
instead of the normal three to four 

D, Megakaryocytes with multiple nuclei 
instead of the normal single multilobated 
nucleus. 



Hpogranular Myeloid Cells







Thank you
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