                                            Acute leukaemia
Definition: 
- A group of disorders in which malignant transformation occurs in the heamopoietic stem cell or early progenitors.

- Genetic damage ( increased rate of proliferation, reduced apoptosis and a block in cellular differentiation ( accumulation of blast cells 

- Acute leukaemia is defined as the presence of over 20% of blast cells in the blood or bone marrow at clinical presentation.
- It is subdivided into acute myeloid leukaemia (AML) and acute lymphoblastic leukaemia (ALL). 
Etiological Factors:

I. Genetic disorders: 
Congenital Defects:

- Down syndrome
- Monosomy 7 syndrome

- Klinefelter Syndrome

- Turner Syndrome

- Neurofibromatosis

- Congenital Dysmorphic Syndrome

Marrow Failure Syndromes:
Fanconi Anaemia

Dyskeratosis Congenita

Schwachman – Diamond Syndrome

Amegakaryocytic Thrombocytopenia

Blackfan – Diamond Syndrome
Kostmann Agranulocytosis

Familial Aplastic Anaemia
II. Environmental Factors:

Solvents (benzene)
Smoking

Ionizing radiation and Non ionizing radiation

Atomic bomb exposure, Nuclear power exposure

Medical radiation

Chemotherapy, Alkylating agents

Topoisomerase II inhibitors

Chloramphenicol

Phenylbutazone

Types of acute leukemia: (according to FAB classification)
Acute lymphoblastic leukemia: 
1. Early pre-B-cell ALL
2. Pre-B-cell ALL

3. B-cell ALL

4. T-cell ALL
Acute myeloid leukemia:
1. Acute myeloid leukaemia minimally differentiated (AML-M0)

2. Acute myeloid leukaemia, without maturation (AML-M1)

3. Acute myeloid leukaemia, with maturation (AML-M2)

4. Acute promyelocytic leukaemia (APL, AML-M3)

5. Acute myelomonocytic leukaemia, (AMMoL, AML-M4)

6. Acute monocytic leukaemia, (AML-M5)

7. Acute erythroleukaemia, (AEL, AML-M6)

8. Acute megakaryocytic leukaemia, (AMegL, AML-M7)
Biphenotypic (mixed lineage) leukaemia ( the blast cells show features of both AML and ALL either on the same cell (Biphenotypic) or on separate population (bilineal) 
Acute undifferentiated leukemia
Presenting manifestations of acute leukaemia:
Symptoms are either due to: Bone marrow failure (anemia, thrombocytopenia, neutropenia) or organ infiltration (liver, spleen, LN, CNS, skin or testes)
Common
Anaemia

Fever, malaise

Haemorrhagic manifestations

Less common
Infection of the mouth and pharynx

Pains in bones and joints (childhood especially)

Upper respiratory tract infection (childhood especially)

Superficial lymph node enlargement

Occasional
Diarrhoea and/or vomiting
Acute abdominal pain

Mediastinal pressure (childhood)

Nervous system manifestations
Skin rash

Acute Myeloid Leukaemia (AML):
Definition & Epidemiology:
A clonal malignant disease characterized by:
- Proliferation of abnormal blasts in the BM.
- Impaired production of normal blood cells.

- Constitutes around 80% of adult cases
- There are no major differences in geographical incidence between urban and rural areas.

- Slightly more common in males than females.
Morphological (FAB) Classification of (AML): 
M1:    Myeloblastic without maturation. 
M2:    Myeloblastic with maturation.
M3:    Hypergranular promyelocytic
M4:    Myelomonocytic

M5:    Monocytic:




          Poorly differentiated (M5a)




          Well differentiated (M5b)


M6:    Erythroleukaemia.


M7:    Megakaryoblastic

Note: Cytogenetics, molecular genetics, previous MDS or MPD, previous chemo- or radiotherapy and the presence of trilineage myelodysplasia do not have any place in the FAB system. All these features which contribute to the definition of prognostically important sub-groups is included in the new classification system. 

WHO Classification:
I. Acute myeloid leukaemia with reccurent genetic abnormalitieis:

Acute myeloid leukaemia with t (8; 21) (q22;q 22); (AML1(CBFa)/ETO) ( similar morphological features to M2
Acute myeloid leukaemia with abnormal bone marrow eosinophils

inv(16)(p13q22) or t(16; 16)(p13;q22); (CBFb/MYH11 )(  similar morphological features to M4
Acute promyelocytic leukaemia (AML with t(15; 17)(q22;q12)(PML/RARa) &   variants ( similar morphological features to M3
Acute myeloid leukaemia with 11q23 (MLL) abnormalities (similar morphological features to M5
II. Acute myeloid leukaemia with multilineage dysplasia

III. Acute myeloid leukaemia and myelodysplastic syndromes, therapy related

IV. Acute myeloid leukaemia not otherwise categorized
            Acute myeloid leukaemia minimally differentiated
            Acute myeloid leukaemia without maturation

            Acute myeloid leukaemia with maturation

            Acute myelomonocytic  leukaemia

            Acute monoblastic and monocytic leukaemia

            Acute erythroid  leukaemias

            Acute megakaryoblastic leukaemia

            Acute basophilic leukaemia

            Acute panmyelosis with myelofibrosis

            Myeloid sarcoma
V. Acute leukaemia of ambiguous lineage
            Undifferentiated acute leukaemia
            Bilineal acute leukaemia

            Biphenotypic leukaemia
Diagnosis:
I. Complete Blood Count (CBC): 
WBC ( High, Normal, Low (30% of cases > 10 X 109/L)
              Hypogranular neutrophils 

              Blasts are usually seen
RBC & Hb (  Low
Plats(  Low


II. Bone Marrow morphology:
M0-M5:  >20% myelo/monoblasts by morphology or immunophenotype.

M6:         >50% erythroid precursors, >20% blasts in non-erythroid cells.

M7:         >20% megakaryoblasts present.

AML M0 (AML with minimal differentiation( It is an AML with no evidence of myeloid differentiation by morphology or light microscopy cytochemistry. Blasts are medium in size with round or slightly indented nuclei with one or two nucleoli, cytoplasm is a granular with variable degree of basophelia

AML M1 (AML without maturation) ( AML with high % of blasts (>90%) without significant evidence of maturation

myeloblasts with cytoplasmic granulation and/or Auer Rods
  AML M2 (AML with maturation):

  1. Presence of >20% blasts and evidence of maturation (>10% maturing   

      cells of neutrophil lineage)

  2. Cells of monocytic lineage < 20%
Meyloblasts with more Auer Rods, Promyelocytes, myelocytes, and mature nuetrophils
AML M3 (Acute Promyelocytic Leukemia) ( Leukemic Promyelocytes: with variable nuclear size (kidney shaped or bilobed ) cytoplasm is marked by densely packed large granules (faggot cells) and multiple Auer rods
AML M4 (Acute Myelomonocytic Leukemia)( Proliferation of both Neutrophil and monocytic precursors, each compromise at least 20% of BM cells
Monoblast: Large cells with abundant basophilic cytoplasm and may show pseudopod formation with scattered fine granules and vacuoles, round nucleus with delicate chromatin and one or more prominent nucleoli

Promonocytes: more irregular nuclear outline, less basophilic cytoplasm 

AML M5 (Acute Monocytic Leukemia) (80% or more of the leukemic cells are of monocytic lineage including Monoblasts, Promonocytes and monocytes, Aure rods are rare
M5a (  Monoblast >80%

M5b  ( the majority are monocytes and promonocytes.

AML M6 (Acute erythroid leukemia)( Predominant erythroid population, all maturation stages of erythroid precursors may be present
Dysplastic erythroid precursors (Megaloblastoid nuclei and /or bi or multi nucleated forms) with cytoplasmic vaculation 
AML M7 (Acute Megakaryoblastic Leukemia) ( >20% blasts of which at least 50% are of megakaryocyte lineage

Megakaryoblasts:  Medim to large in size, round slight irregular nucleus and one to three nucleoli 

Cytoplasm is basophilic and a granular and show distinct blebs or pseudopod formation   

III. Cytochemistry:
Myeloperoxidase (MPO) or Sudan Black: 

Identify blast cells as myeloid. Auer rods are detected twice as frequently as on Romanowsky stain. Monoblasts and promonocytes may be negative. Sudan Black B gives identical results. 
M0 ( SB, MPO, CAE are negative (<3% positive blasts)
M1 (  SB, MPO Positive in variable number of blasts but always at least 3% 
M3 (  SB or MPO Strongly positive 

Chloroacetate Esterase (CAE) ( specifically identifies cells of the granulocyte lineage, from the early promyelocyte stage to mature neutrophils. 

α -Naphthyl Acetate (Nonspecific) Esterase (ANAE)( stains monocytes and megakaryocytes at all stages of maturation. 

Periodic Acid Schiff (PAS) ( stains many cell types. It is not lineage specific but the pattern of staining may be helpful, e.g. positive monoblasts, NRBC, megakaryoblasts…

IV. Immunophenotype: 
The typical myeloid markers are CD 13+, CD 33+, glycophorin (M6), CD41/42 (M7).
Features of hypergranular promyelocytic leukaemia: 
- Incidence: 7% of all AML
- Age: predominantly < 40 years

- Characteristic morphology (M3 of the FAB classification)

- Pancytopenia common
- High incidence of D.I.C.

- High levels of serum vitamin B12 binding protein (Transcobalamin I)

- Unique chromosome abnormality: t(15, 17) all ≈ cases

- Prolonged survival: 16% > 6 years

Clinical and laboratory features of monocytic (M5) leukaemia:
Lymphadenopathy, Gum hypertrophy, Skin infiltrates ( in> 50% of cases

High serum and urine lysozyme levels ( in > 75% of cases

Hypokalaemia, High WBC counts (≥ 50 X 109/1) ( in > 50% of cases

Acute Lymphoblastic Leukaemia (ALL) :
Clinical Features:
ALL can occur at any age but has a peak incidence between 2 - 10 years. It is characterized by: 
1. Bone marrow failure 

2. lymphadenopathy 

3. thymic enlargement in T-lineage ALL 
4. Bone pains which may be associated with radiological changes and fractures    
5. Tendency to relapse in the CNS and testes. 
Clinical and Haematological features of T-ALL:

1. Blast cell count ≥ 100 X 109/1     50% of cases
2. Anterior mediastinal mass
3. Median age: 6.5 years
4. Male: female ratio 2.5: 1
5. Relatively less anaemia and thrombocytopenia than in common-ALL

6. Short – lived complete remissions

7. High incidence of meningeal relapse

Laboratory Diagnosis of ALL:

 L1 lymphoblasts ( uniform small blasts with scanty cytoplasm (high N: C ratio) and indistinct nucleoli  

 L2  ( Larger blast cells prominent nucleoli and more abundant cytoplasm (heterogeneous appearance)
 L3 (  large blasts with abundant, strongly basophilic cytoplasm and cytoplasmic vacuoles.
Cytochemistry:

Periodic Acid Schiff (PAS) ( shows block positivity in ALL
Acid phsphatase (  positive in T ALL


Immunophenotype: 
ALL is derived from precursor lymphocytes that are undergoing antigen receptor gene (Ig and TCR) rearrangement. 

B-lineage ALL:
The precursor nature of the cells is established by demonstrating lack of surface Ig, the presence of nuclear TdT and sometimes the expression of CD34. 

Sub classification is as follows: 
Pre-pre B-ALL: CD19+ CD10- cytoplasmic mu heavy chain negative. 
Common ALL: CD19+ CD10+ cytoplasmic mu present in <20% of cells 
Pre B-ALL: CD19+ CD10+ cytoplasmic mu present in >20% of cells 

Blasts of all subgroups will express cytoplasmic CD22 and CD79b. 

T-lineage ALL:
The precursor nature of the cells is established by demonstrating TdT and sometimes CD34 positivity and the lack of surface TCR/CD3. 

T-cell lineage is demonstrated by the expression of CD7 and/or CD1a.
Expression of the other pan-T cell markers is variable (e.g. cytoplamsmic CD3, CD2). 

Prognostic features in Childhood ALL:
	          Good  
	             Bad
	

	           < 10 
	>20X10/l particularly >100X10/l
	              WBC  

	                3-7y 
	          <1y, > 13y
	               Age

	                Girls


	              Boys
	               Sex

	      All Ag (B ALL)
	      T or B (T ALL)
	        Cell markers

	 Complete remission in 
  first 3-4 weeks
	  CNS involvement at   

   presentation
	              Other 


