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Introduction:
The term myeloproliferative disorders describe a group of conditions characterized by neoplastic [clonal] Proliferation of one or more haemopoietic components in the bone marrow and sometime the Liver and the spleen.
· Over production of all cell lines, but usually one line in particular.

· Fibrosis is a secondary event
· These disorders are closely related.
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evolution from one entity into another occurs during the course of the disease
MPD-WHO Classification:
· Chronic myeloid leukemia (CML) (Philadelphia chromosome t (9; 22), BCR ABL positive).
· Polycythemia Vera.
· Essential thrombocytosis (ET).
· Chronic idiopathic myelofibrosis.

· Chronic neutrophilic leukemia.
· Chronic eosinophilic leukemia.

· Chronic myeloproliferative disease ( unclassifiable)

MPD- inclusions and nomenclature:
1- Polycythemia (Rubra) Vera

2- Myelofibrosis (with Myeloid Metaplasia), Agnogenic Myeloid Metaplasia (MF, MMM, AMM)

3- Essential (primary) Thrompocythemia. 
1-Polycythemia Vera
· A  clonal stem cell disorder in which there is accumulation of phenotypically normal RBC, granulocytes, and platelets ( but predominantly RBCs ) in the absence of a recognizable physiologic stimulus.

· The increase in whole blood viscosity causes vascular occlusion and ischemia, compounded by the increase in platelets.

· It is the most common among the myeloproliferative disorder occur in 2 per 100,000 people. 
· Polycythemia Vera is more resistant to apoptosis induced by erythropoietin deprivation –due to up regulation of bcl-XL.
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Clinical features:

· Headache, vertigo, tinnitus and visual disturbance
· Itching

· Vascular occlusion

· Thrombosis

· TIA, stroke

· Easy bruising, epistaxis, or GI hemorrhage may be observed.
· Digital ischemia may occur.
· Most of the time it is discovered incidentally by the presence of high Hb or Hematocrit 
· Aquagenic pruritis is the only feature may distinguish PV from other disorder
· Hyperuricemia with secondary gout and uric acid stone and peptic-ulcer disease may complicate the picture.

Physical examination:
· Massive splenomegally is the initial presenting sign.
· Systolic hypertension.
Diagnosis:

· 1-Always make sure to get previous CBC to know the duration of the problem.
· 2-Assess the red cell mass.
· 3- Erythropoietin level is suppressed.
· 4-Other laboratory test are; red cell count, mean corpuscular volume, red cell distribution width.
· 5-Increase leukocyte alkaline phosphatase (LAP-score).
· 6-Bone marrow aspirate and biopsy will provide no specific diagnostic information.

· Exclude secondary causes of true polycythemia
· Look for features of primary polycythemia.
WHO criteria for PRV diagnosis
· A1 ↑ RBC mass >25% above mean normal predicted value or ↑ Hb>18.5 g/dl in men & >16.5 g/dl in women
· A2 No cause of 20 erythrocytosis  
· A3 Splenomegaly
· A4 Clonal genetic abnormality other than Ph chromosome or BCR/ABL fusion gene in bone marrow cells
· A5 Endogenous erythroid colony formation in vitro

· B1 Thrombocytosis >400 х 109/L
· B2 WBC >12 х 109/L
· B3 BM biopsy showing panmyelosis with prominent erythroid & megakaryocytic proliferation
· B4 Low serum erythropoietin level

· Diagnosis of PRV when A1+A2 & any other category and are present, or when A1+A2 & any two of category B are present   
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Complication
· The major complication comes from increase in blood viscosity, over production of RBC, and the attendant increase in uric acid and histamine production.
· Sudden increase in splenic size lead to splenic infarction or progressive cachexia

· May transforms to myelofibrosis or fibrous metaplasia.
· Erythromelalgia.
· Increase incidence of intravascular thrombosis
Treatment:

· It is generally an indolent disorder.-
· The main goal of treatment is to keep Hb (14 for men and (12 for women.
· Low-dose aspirin (75-100 mg/day)
· Periodic phlebotomy to hematocrit less than 0.45.
· If necessary (inability to keep hematocrit ≤ 0.45 with venesection) you may try hydroxyurea or interferon.
· Splenectomy.
· Allogenic bone marrow transplant
· DO NOT TREAT WITH IRON
2-Myelofibrosis
· Is a clonal disorder of hematopoietic progenitor cell characterized by secondary marrow fibrosis, bone marrow failure, and myeloid metaplasia (extramedullary hematopoiesis).      
· There is over production of collagen III.
Clinical features:

· Up to 30%  are asymptomatic at presentation &usually recognized by splenic enlargement  and/or abnormal blood count.
· Marrow failure 

· Anemia most common feature
· Thrombocytopenia & leukopenia
· Splenomegaly in 90%
· Mild hepatomegally in 50%
Diagnosis:

· The diagnosis is by exclusion.
· Peripheral blood film (teardrop-shaped red cells, nucleated red cells, myelocytes, and           promyelocytes) establishes the presence of extramedullary hematopoeisis.

· Bone marrow is usually not aspirable (dry tape) due to increase marrow reticulum. 
· Marrow biopsy: hyper cellular marrow, with trilineage hyperplasia&in particular        (megakaryocytes.
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Myelofibrosis-Peripheral Blood Film :
· MF - typical blood count

· -WBC 2.4 x 109/L [4-11] 
· -Hb 88 g/L [140-180] 
· -MCV fl 85 [80-100] 
· -Platelets 60 x 109/L [150-450] 
· -Neuts 1.0 x 109/L [2-7.5] 
· -Lymphs 1.0 x 109/L [1.5-4] 
· -Monos 0.2 x 109/L [0.2-0.8] 
· -Eos 0.1 x 109/L [0-0.7] 
· -Basos 0.1 x 109/L [0-0.1] 
· -Film Comment: a few nucleated red cells and myelocytes (leukoerythroblastic). Tear-drop poikilocytes 

Myelofibrosis-BM Trephine Biopsy


Complication:

· Chronic disease of a median survival of 5years.
· The patients are prone to deep-seated tissue infections particularly of the lung.
· Can transform to accelerated phase with constitutional symptoms and (marrow  failure.

· In 10% of patients the disorder terminates in a rapidly progressive form of acute leukemia for which therapy is usually is ineffective.    
Treatment:

· There is no specific therapy.
· Supportive care 

· Blood transfusions 

· Treat infections
· Bleeding episodes
· Cytoreductive therapy may be needed
· Splenectomy if needed (hypersplenism).
· Allopurinol.
· Hydroxyurea.
· Consider BMT in young patients
3-Essential thrombocytosis

· Is a clonal disorder causing dysregulated production of large numbers of abnormal platelets ( aggregation (
· Thrombosis .

·    Abnormal platelets ( bleeding ( usually when > 1.5 million)
· It can occur at any age group.
· Unexplained female predominance.
Clinical feature &diagnosis:

Symptoms:

· No specific symptoms.
· These patients have hemorrhagic& thrombotic tendency :

· Easy bruising
· Microvascular occlusion

· Stroke 

· Transient Ischemic Attack (TIA).

· Erythromelalgia ( = burning, pain, and erythema of fingers & toes due to microvascular thrombi) 
· Bleeding (esp. surgical)

· Mild splenomegally in 50%
Diagnosis:
· Distinguish from reactive thrombocytosis, and chronic myeloid leukemia

· Clinical setting, blood film, bone marrow, and cytogenetics help
WHO criteria for ET diagnosis:
Positive criteria

· Sustained platelet count ≥600 х109/L
· Bone marrow biopsy specimen showing proliferation mainly of the megakaryocytic lineage with increased numbers of enlarged, mature megakaryocytes ( ya3ni hyperplasia & hypertrophy)

Criteria of exclusion
· No evidence of polycythemia Vera-

· No evidence of CML
· No evidence of ch. idiopathic myelofibrosis
· No evidence of myelodysplastic syndrome
· No evidence that thrombocytosis is reactive to underlying infection, inflammation or neoplasm 

· Prior splenectomy

ET-Blood film

Treatment:
· None in low-risk cases 
· Anti-platelet agents (aspirin) 
· Anagrelide 
· Chemotherapy (hydroxyurea) 
· Special consideration pre-surgery
Normal Regulation of Platelet Numbers by Thrombopoietin – TPO
· Constitutive production of thrombopoietin by liver -

· Bound by platelets 
· Excess stimulates megakaryopoiesis
JAK2  mutation

· JAK2V617F represents a G to T somatic mutation of JAK2, at nucleotide 1984, exon 14, resulting in the substitution of valine to phenylalanine ay codon 617. It activates a tyrosine kinase with proliferation.

· Present in most cases of MPD ( PV around 95%, ET around 50%, idiopathic myelofibrosis around 50%, and up to 20% of atypical myeloproliferative cases.

· Useful diagnostic tool.
4- CHRONIC MYELOID LEUKEMIA

· CML is a clonal stem cell disorder characterised by increased proliferation of myeloid elements at all stages of differentiation.

· Incidence increases with age, M > F.

CML is characterised by 3 distinct phases:

a)Chronic Phase
     Proliferation of myeloid cells, which show a full range of maturation.

b)Accelerated Phase 
· Decrease in myeloid differentiation occurs.

· PB blasts  > 15%

· PB blasts + promyelocytes  > 30%

· Basophilia >20%

· Platelets < 100 x 109

· Additional cytogenetic abnormalities

c)Blast crisis     
· Like acute leukemia.
· 20% or more blasts in marrow / PB

· Extramedullary disease with localized blasts  

CLINICAL PRESENTAITON OF CML

Symptoms:
· Asymptomatic in 50% of patients

·  Fatigue

·  Weight loss

·  Abdominal fullness and anorexia

·  Easy bruising or bleeding

·  Abdominal pain, esp splenic area

·   Increased sweating
SIGNS:
·  Splenomegaly 95% 
· (50% of  patients have a palpable spleen, 10 cm BCM. Firm and non-tender) 

·  Sternal tenderness (50%)

·  Hepatomegaly
·  Purpura

·  Retinal hemorrhages

DIAGNOSIS OF CML

Chronic phase:
· Peripheral blood – neutrophil leukocytes  20 - >500 109/L

· Basphilia
· LAP score     

· blasts < 10% 

· Nucleated RBCs

· Thrombocytosis
· Anaemia

CYTOGENETICS OF CML
· Philadelphia (Ph) chromosome is an acquired cytogenetic abnormality in  all leukaemia cells in CML

· Reciprocal translocation of chromosomal material  t(9;22)


CML-Treatment Response Criteria
· Haematological response
· Normalisation of blood count
· Cytogenetic response                                       
· Major cytogenetic response 1-35% Ph +ve cells in metaphase 

· Minor cytogenetic response  36-95% Ph +ve cells in metaphase
· Molecular response
· Absence of BCR/ABL gene      
CML-Principles of Treatment

· Control & prolong chronic phase (non-curative)
· Oral chemotherapy

· Alpha-Interferon

· Imatinib (Glivec)

· Eradicate malignant Clone (curative)
· Allogeneic BM/stem cell transplantation

· Alpha Interferon?

· Imatinib?
Treatment of CML

·  Tyrosine kinase inhibitor “Imatinib Mesylate” (Glivec) is the 1st line treatment now

·  Allogenic bone marrow trasnsplantation for patients who fail to respond to Imatinib

·  Combination of drugs (if no donor)

·  Newer agents:
· Blast phase

· Glivec

· Treat like AML or ALL

CML-Prognosis (Median survival in years)

· No treatment (3)

· Suppressive chemotherapy (4)

· Interferon (6)

· Transplant (5+)

· Imatinib ?

CML VS LEUKEMOID REACTION
1. LAP Score

2. Philadelphia Chromosome

3. Basophilia

4. Splenomegaly

COMMON Qs

· Secondary polycythemia is characterized by:

a) Increase in red cell mass    
b) Thrombocytopenia     
c) Thrombocytosis        
d) Normal white blood cell count   
e) Low heamatocrit    
· Myeloproliferative disorder:

a) In myelofibrosis, tear drop cell are seen in the peripheral blood   

b) Antiplatelet drug (aspirin) should not be given to patient with essential thrombocythemia 

c) Patient with myelofibrosis may develop gout  

d) Platelet count is often high in CML  

e) Interferon is as important modality of treatment for CML patient  

GrEeN BlOoD GirLz

نورا الرهبيني ===سارة الهرفي
عبير الشرقي==نورهـ بن سعد==رملة المحيشي
نورهـ العريفج
↓ Erythropoietin ( primary polycythemia ( -ve feedback)





↑erythropoietin ( secondary polycythemia (Secondary causes of polysythemia: 


COBD, smoking, lung fibrosis, pregnancy)





PRV - typical blood count


 


WBC 18.0 x 109/L [4-11]   


Hb 200 g/L [140-180]


HCt 0.62 [.42-.51]


MCV fl 75 [80-100]


Platelets 850 x 109/L [150-450]


Neuts 14.6 x 109/L [2-7.5]


Lymphs 2.0 x 109/L [1.5-4]


Monos 0.8 x 109/L [0.2-0.8]


Eos 0.1 x 109/L [0-0.7]


Basos 0.5 x 109/L [0-0.1]


Film: microcytosis: large and abnormal platelets present





ET-Typical Blood Count :


WBC 10x 109/L [4-11]


Hb 156 g/L [140-180]


MCV 85 fl [80-100]


Platelets 1560 x 109/L [150-450]


Neuts 7.0 x 109/L [2-7.5]


Lymphs 2.0 x 109/L [1.5-4]


Monos 0.8 x 109/L [0.2-0.8]


Eos 0.1 x 109/L [0-0.7]


Basos 0.1 x 109/L [0-0.1]


Film Comment: many large and abnormal platelets present
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