
 1.   Introduction.
There is  little published data  providing information on ALL in black children in South Africa.

Dr George Mukhari Hospital provides paediatric oncology services to a predominantly black population and is therefore  an ideal setting to accumulate data on paediatric ALL patients.




2.   Study Objectives
The objectives of the study were

1. to determine the correlation between survival outcome of paediatric    

     patients with ALL and the different variables at diagnosis:

· age

· gender

· WBC

· bone marrow findings 

· immunophenotyping

· cytogenetic/molecular genetic studies

and
2.
to determine duration of survival of a patient in months/years from the time   

 of diagnosis of ALL.


3.   Literature review
3.1   Introduction

Acute leukaemia is an aggressive disease in which malignant transformation occurs in the haemopoietic stem cell (HSC) or early progenitors at some point in its myeloid or lymphoid differentiation, producing an acute myeloid leukaemia (AML) or an acute lymphoblastic leukaemia (ALL), respectively (Young,et al, 2006).  
It is characterized by the presence of ≥ 20% of blast cells in bone marrow or peripheral blood (WHO classification) (Hoffbrand,et al, 2006).
3.2   Pathophysiology
ALL is a malignant disorder arising from a single T or B lymphoid progenitor cell that has undergone genetic damage/change leading to dysregulated growth, arrested differentiation and clonal expansion (Satake, 2006).  
The leukaemic  blasts provide large uniform populations for molecular and functional analysis as demonstrated by uniform rearrangements of TCR or Ig heavy chain (IgH) genes (Satake, 2006).This is in contrast to the heterogeneous pattern of rearrangements seen in normal T- and B lymphocyte populations (Hoffman, et al,  2005).
3.3   Epidemiology

ALL is diagnosed in 3000-4000 people per annum (USA) with two thirds being children, making ALL the most common malignancy in children (Pui & Evans, 1998).  Throughout the world the incidence rate is thought to be similar to that in the USA (Satake, 2006).

The incidence peaks in children aged 2-7 years, falling by the age of 10 years. A second, smaller incidence peak is seen after the age of 50 years.  ALL occurs slightly more often in boys than in girls.  This difference is most pronounced for T-cell ALL and occurs more often in white children than in black children (NCI, 2002; Satake, 2006).
3.4   Aetiology

The cause of ALL is unknown.  Most patients do not have predisposing factors or constitutional abnormalities (Satake, 2006).

Environmental risk factors include exposure to ionizing radiation, electromagnetic fields, pesticides, prenatal exposure to diagnostic X-rays, maternal alcohol consumption and parental cigarette smoking (Young, et al, 2006).

An increased risk of ALL has been associated with certain genetic disorders, e.g.  Down’s syndrome (10-20 fold inceased risk), neurofibromatosis, Shwachman-Diamond syndrome,  Bloom’s syndrome, Ataxia telangiectasia, Klinefelter’s syndrome and Fanconi’s anaemia (Young, et al, 2006;  Hoffman, et al, 2005).
Identification of leukaemia – specific fusion genes (e.g. MLL – AF4;  TEL AML1) on neonatal blood spots (Guthrie cards) in the  development of concordant leukaemia in identical (monozygotic) twins – indicate that some leukaemias have a prenatal origin (Hoffbrand, et al, 2005; Pui, et al, 2004).

The first event is initiated by genetic mutations (e.g. exposure to mutagens) in a progenitor cell that occurs in the fetus in utero with intra-uterine dissemination to both twins via shared placental circulation (Hoffbrand, et al, 2006).

A secondary post-natal event (e.g. infection) is propably required for leukaemic transformation (Hoffbrand, et al, 2005).

Rearrangements of MLL gene occur not only in leukaemias of infancy, but also in leukaemias induced by substances (natural and synthetic compounds) that inhibit toposoimerase II, e.g. quinolone antibiotics, benzene metabolites, flavonoids  in food and drinks, and oestrogen (Pui, et al, 2004).
3.5   Clinical presentation
Signs and symptoms of ALL may develop abruptly (few days) or insidiously (few months), before the diagnosis is made.  Patients present with signs and symptoms due to proliferation and accumulation of leukaemic blast cells in bone marrow, lymphoid organs and other sites of extramedullary spread (Hoffman, et al, 2005).

3.5.1   Bone marrow involvement

Patients present with various degrees of anaemia, thrombocytopenia and granulocytopenia (bone marrow failure) – which may be manifested by pallor, fatigue, petechiae, ecchymoses or bleeding (e.g. epistaxis), weight loss, infections and fever due to infections or pro-inflammatory cytokines.  Bone pain, limp and arthralgia may be prominent due to leukaemia infiltration of periosteum, bone, joint or due to expansion of marrow by leukaemic cells (Hoffbrand, et al,2 005;
Hoffmann,et al,2005).

3.5.2   Extramedullary involvement

· Lymphadenopathy, splenomegaly and hepatomegaly are the most common manifestations.  Generalized lymphadenopathy (axillary, cervical, inguinal) is more common than regional enlargement (Hoffman, et al, 2005).
· T-cell ALL tends to present with an anterior mediastinal mass on chest X-ray due to thymus and/or mediastinal lymph node enlargement.  This is sometimes accompanied by pleural effusion and superior vena cava syndrome.  Mediastinal involvement is a medical emergency (Hoffman, et al. 2005; Young, et al, 2006).
· CNS (meningeal) involvement is generally asymptomatic at diagnosis.  Signs are usually due to increased intracranial pressure and include headache, vomiting and irritability.  
· Cranial nerve palsy occurs frequently.  It usually involves the III, IV, VI 

(abducens)  and/or VII (facial) nerves (Satake, 2006).
Patients who have a standard non-traumatic diagnostic LP may be placed into three categories according to the number of WBC/
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l and the presence/absence of blasts on cytospin:


CNS1   :   CSF that is cytospin negative, regardless of WBC count.

CNS2   :   CSF with < 5 WBC/
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l and cytospin positive for blasts.

CNS3   :   (CNS leukaemia/disease) CSF ≥ 5 WBC/
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l, cytospin positive for 


     blasts or the presence of cranial nerve palsy (NCI, 2008; Hoffman, 


     et al, 2005).
· Extramedullary deposits of leukaemic cells can cause intracranial or spinal cord mass.  Patients with marked leucocytosis (WBC > 400 x 109/
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) are at high risk of intracranial haemorrhage (Young, et al, 2006).

· Ocular involvement can manifest as leukaemic infiltration of the orbit (causing proptosis), optic nerve, retina and anterior chamber of the eye (hypopyon) (Young, et al, 2006).

· Painless testicular enlargement, usually unilateral occurs in about 2% of male patients.  This occurs mostly in infants or adolescents.  It is associated with T-cell leukaemia and hyperleucocytosis (Young, et al, 2006;  Hoffbrand, et al, 2005).
· Uncommon presenting features include subcutaneous nodules (leukaemia cutis) and enlarged parotid glands (Mickulicz’s syndrome) (Young, et al, 2006).
3.6   Differential diagnosis
Childhood ALL can mimic non-malignant and malignant diseases which are listed in 
Table 1.
Table 1:  Differential diagnosis of ALL 
	



Non-malignant disorders


Aplastic anemia


Infectious mononucleosis; pertussis 


Immune thrombocytopenic purpura (ITP) 


Juvenile rheumatoid arthritis


Leukaemoid reaction secondary to infection





Malignant disorders

        Other leukaemias e.g. acute myeloblastic leukaemia (AML M0; AML M7)  
         Hodgkin and non-Hodgkin lymphoma
         Bone marrow metastasis from solid tumors (e.g. neuroblastoma, rhabdo
myosarcoma, retinoblastoma


     (Source:  Hoffman, et al, 2005)
Bone pain and arthralgia may mimic juvenile rheumatoid arthritis.  Aplastic anaemia, like ALL, may usually present with a pancytopenia, but rarely with hepatomegaly and lymphadenopathy (Hoffbrand, et al, 2005).

Immune thrombocytopenic  purpura (ITP) can present with petechiae, ecchymoses and bleeding.  Isolated thrombocytopenia is not an initial manifestation of ALL and is more likely to be immune mediated (Hoffbrand, et al, 2005).  
Small round cell tumors that involve bone marrow, e.g. neuroblastoma, rhabdomyosarcoma may be difficult to differentiate from ALL if clumps of cells or pseudo-rosettes are not present (Hoffman, et al, 2005).

3.7   Laboratory investigations
3.7.1   Full blood count (FBC)
Anaemia and/or thrombocytopenia may be present at diagnosis.  The WBC may be decreased, normal or markedly elevated (hyperleucocytosis:  > 100 x10 9/
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) and ranges from 0,1 to 1500 x 10 9/
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.  Despite an elevated WBC, many patients present with a severe neutropenia (< 0,5 x 10 9/
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 ) and are at increased risk for infections 

(Hoffman, et al, 2005).
Peripheral blood smear will reveal circulating lymphocytes or lymphoblasts.  Thrombocytopenia is usually present . Haemorrhage is uncommon, even when the platelet count is ≤ 20 x 109/
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, provided fever, infection or a coagulopathy, such as disseminated intravascular coagulation (DIC)  are absent (Hoffbrand, et al, 2005). 
Anaemia is usually normocytic normochromic and the Hb is commonly < 8g/dl.

Hypereosinophilia, generally reactive, may be present.  A chromosomal abnormality, 
t (5;14) (q 31; q 32), which results in activation of the IL3 gene, is thought to play a role in leukemogenesis and hypereosinophilia (Young, et al, 2006).  
A clinical suspicion of leukaemia with abnormal FBC and/or differential counts is an indication for a bone marrow aspiration and trephine biopsy examination (Hoffbrand, et al, 2005).

The blast cells are characterized by morphology, cytochemistry, immunophenotyping and cytogenetic analysis (Hoffbrand, et al, 2006).
3.7.2   Bone marrow aspirate
The BM is usually hypercellular and displaced by lymphoblasts.  A finding of ≥ 20% of blast cells confirms the diagnosis of an acute leukaemia (Hoffbrand, et al, 2006).


3.7.2.1   Morphological classification

With morphological analysis of the leukaemic cells (lymphoblasts), ALL is 

classified by the French-American-British (FAB) Cooperative Working Group  

         into three subtypes:  FAB L1, L2 and L3 (Hoffbrand, et al, 2005).
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Figure 1:   L1 Lymphoblasts 
        

(Source:  Hoffbrand, et al, 2006)
· predominently uniform, small cells
· nucleus regular or small cleaved/indented 

· nucleoli are inconspicuous or not visible
· scanty cytoplasm, slight to moderate basophilic and seldom 
· vacuolated (Anderson & Paulsen, 2003).
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         Figure 2:   L2 Lymphoblasts

          (Source:  Hoffbrand, et al, 2006)
· larger cells, heterogeneous in size

· nucleus is irregular, clefting/indentation is common

· nucleoli:  one or more, prominent

· Abundant/variable cytoplasm seldom vacuolated (Anderson & Paulsen, 2002).
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Figure 3:   L3 Lymphoblasts

(Source:  Hoffbrand, et al, 2006)
· large homogeneous cells

· nucleus is oval to round

· one or more nucleoli are often prominent

· intense basophilic cytoplasm with prominent vacuolization (Anderson, & Paulsen, 2003).
These cells are morphologically identical to Burkitt lymphoma cells.  Recognition of the FAB L3 (Burkitt’s lymphoma related) subtype is important because of the prognostic and therapeutic implications.  Mature B-cell (FAB L3) is treated differently from precursor B and T-cell ALL with a lymphoma-based approach (Bain, et al, 2001;  Friedman & Weinstein, 2000).

Distinction between FAB L1 and L2 subtypes is of little clinical and prognostic significance because of poor correlation of these subtypes with immunological and cytogenetic features (Hoffman, et al, 2005).
In some cases the lymphoblasts have cytoplasmic pseudopods (hand mirror cells) (Jaffe, et al, 2001).


3.7.2.2   Cytochemistry
Table 2:   Cytochemical differences of ALL and AML
	Cytochemical stain
	ALL
	AML

	
MPO


PAS


SBB


NSE


Acid phosphatase


Tdt
	 -
 +

/-

 -

 -

+ in T-ALL (Golgi-zone)
+


	+ (with Auer rods)

+ (fine blocks in M6)

+ (with Auer rods)

+ in M4,5 
+ in M6 (diffuse)
-


(Source:  Hoffbrand, et al, 2006)
Cytochemical stains (SBB, MPO and non-specific esterase (NSE)) are used to distinguish lymphoid from myeloid, monocytic and megakaryocytic leukaemias (Young, et al, 2006).

Lymphoblasts are negative for MPO  (Rooney & Czepulkowski, 1989).
Azurophilic cytoplasmic granules are present in lymphoblasts in some cases, similar to those observed in myeloid leukaemias (so-called type II blasts).  These granules (which are mitochondria) stain positively (light grey) with SBB and not with MPO stain (Young, et al, 2006;  Tkachuk, et al, 2002).  
The PAS stain identifies cytoplasmic carbohydrate (glycogen).  PAS positive staining in ALL reveals block deposits or coarse granules in leukaemic blasts, and although increased activity is detected, it is non-specific. Some blasts do not contain PAS positive material (Rooney & Czepulkowsky, 1989;  Lewis, et al, 2006).
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Figure 4:   PAS positive staining in ALL

(Source:  Hoffbrand, et al, 2006)
3.7.3   Immunophenotyping
Flow cytometry is the preferred method for immunophenotyping and allows analysis of a large number of cells.  Immunophenotyping plays a role in the diagnosis, identifying the specific lineage, stage of maturation and differentiation of leukaemic cells, and in minimal residual disease (MRD) evaluation (Basso, et al,2001).
Classification of leukaemias has been done by using panels of monoclonal anti-bodies to leucocyte antigens.  These monoclonal antibodies also recognize intra-cellular and surface monoclonal expression of blast cells (Basso, et al, 2001; Rubnitz & Pui, 1997). Numbers on cell surface refer to cluster of differentiation (CD) groups of antigens.  A few are lineage-specific and thus clinically useful (Basso, et al, 2001).
CD45 (pan leucocyte antigen) expression in blast cells is lower than in normal lymphocytes, or may be absent (Basso, et al, 2001).
ALL can be broadly classified as either B or T-lineage (Rubnitz & Pui, 1997).
B-cell ALL
Table 3:   Major subtypes of B-cell  ALL

	
Phenotype
	Antigen expression

	
All cases 

Early pre (pro)-B
	HLA-DR+, CD19+, cyCD79a+, cyCD3-, MPO-
CD10-, CD20-, cyCD22+, Tdt+, cyIg(-, sIg-

	
Common (early)-B
	CD10+, Tdt+, CD20+/-, cyIg(-, sIg-, CD24+

	
Pre-B
	CD10+/-, CD20+/-, Tdt+, cyIg(+, sIg-, CD24+

	
Mature B
	Tdt-, sIg+, CD19+,20+,22+,24+


(Sources:  Basso, et al, 2001; Bain, et al, 2001; Hoffbrand, et al, 2006)
cy:    cytoplasmic                  
s:      surface membrane
Tdt:  Terminal deoxynucleotidyltransferase
Approximately 80-90% of childhood  precursor B-cell ALL will express CD10 (“common ALL antigen”) positivity in the blasts (common ALL).  Myeloid associated antigens CD13 and CD33 may be expressed on the blasts and are not prognostic factors or of any clinical significance (Young, et al, 2006; NCI, 2008).
T cell ALL
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          Figure 5:   T-cell development in the thymus

(Source:  Campana & Behm, 2000)
T-cells develop in the thymus rather than in the bone marrow ( PORC, 2005).
T-lineage has been previously divided into three stages of differentiation (Table 4),  however, there is no clinical relevance of maturation levels for T-ALL’s 
(Basso, et al, 2001).

Table 4:   T-cell differentiation
	       Phenotype
	Antigen expression

	
   All cases
	CD7+, Tdt+, MPO-

	
   Early T
	cyCD3+, CD4-, CD8-

	
   Intermediate T (Cortical)
	CD19+, cyCD3+, CD4+, CD8+, CD10+/-, sCD3+/-

	
   Late T
	sCD3+, CD19-, CD4+/CD8+


(Source:  Basso, et al, 2001)
cy:  cytoplasmic

s:    surface membrane
HLA-DR is not commonly expressed.  > 90% of the blasts express CD5 and CD2 and ± 45% of cases are positive for CD10 (Hoffbrand, et al, 2005).
3.7.4   Cytogenetic and molecular findings
Seventy five per cent of paediatric ALL cases have specific numeric (ploidy) or structural genetic abnormalities in the leukaemic blasts.  These abnormalities are of therapeutic and prognostic significance (Hoffbrand, et al, 2005; Young, et al, 2006).  
Chromosome structure and genetic changes of diagnostic bone marrow specimens are analyzed by chromosome banding (karyotyping), FISH and molecular techniques e.g. reverse transcriptase – polymerase chain reaction (RT-RCR) (Hoffman, et al, 2005).Polymerase chain reaction (PCR)  can  be used to identify IgH or T-cell receptor (TCR) gene rearrangements for confirmation of clonality  (Wiggill, 2000).
Numeric chromosome changes, e.g. hyperdiploidy (>50 chromosomes), are defined as a DNA index (DI) ≥ 1,16 and can include chromosome gain with extra copies of chromosome 4, 6, 10, 14, 17, 18, 21 or X. (Rooney & Czepulkowski, 1989).
The ratio of DNA content of leukaemic cells to that of normal cells can be measured
by flow cytometry (Friedman & Weinstein,2000).
Table 5:   Common genetic alterations in childhood ALL
	

Karyotype
	Molecular alteration

	

B-precursor ALL


t(12;21)(p13;q22)



t(1;19)(q23;p13)



t(9;22)(q34;q11)



t(v;11)(v;q23)



t(4;11)(q21;q23)



t(11;19)(q23;p13)



Other



Hyperdiploid (>50 chromosomes)



Hypodiploid (< 45 chromosomes)
	TEL – AML1

E2A – PBX1

BCR – ABL

MLL – fusions

MLL – AF4

MLL – ENL

	

Mature B-cell ALL



t(8;14)(q24;q32)



t(2;8)(q12;q24)


t(8;22)(q24;q11)
	c-MYC – dysregulation

c-MYC – dysregulation

c-MYC – dysregulation

	

T-cell ALL



t(1;14)(p32;q11)



t(1;7)(p32;q34)


t(7;9)(q34;q32)



t(10;14)(q24;q11)



t(11;14)(p15;q11)



t(7;19)(q35;p13)



t(1;7)(p34;q34)
     t(11;14)(p15;q11)
	TAL 1 (1p32) dysregulation

LCK (1p43)

TAL 2

HOX 11 (10q24)

HOX 11 (10q24)

LYL 1 (19p13)

LCK (1p34)
LMO1 dysregulation 




(Sources:  Rubnitz & Pui, 1997 ; Rooney, et al, 1989)
t:  translocation
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Figure 6:   Distribution of genetic abnormalities in ALL

(Source:  Young, et al, 2006)

The most common genetic abnormality in childhood ALL, the cryptic translocation t(12;21) (p13;q22) with TEL-AML 1 fusion gene, has been identified by FISH, and is not detectable by conventional karyotyping (cytogenetics).  It has been observed in 20-30% of precursor B-ALL cases. 
T-cell ALL patients have translocations involving one of the T-cell receptor (TCR) genes located at 14 q11 (TCR
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/
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);  7q35 (TCR 
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) or rarely  7p14-15 (TCR 
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) (Rooney & Czepulkowski, 1989; Rubnitz & Pui, 1997).  
The MLL gene at the 11 q23 region, is implicated in a large number of translocations .The most common in ALL are  t(4;11) and t(11;19).  MLL is involved in most cases of infant or congenital leukaemia, or in secondary leukaemia following therapy with DNA topoisomerase II inhibitors, e.g. etoposide (Rooney & Czepulkowski, 1989).
The Philadelphia chromosome  t(9;22),  which results from fusion of BCR ( breakpoint cluster region)  at 22q11.2 and the cytoplasmic tyrosine kinase gene ABL at 9q34, is more frequent in adult ALL. Childhood cases of ALL with the t(9;22), produce most often a  190 kDa  BCR/ABL fusion protein.

About one half of adult ALL cases with the t(9;22), produce a  210 kDa BCR/ABL fusion protein that is present in chronic myeloid leukaemia (CML) (Jaffe, et al, 2001).
3.7.5   Bone marrow trephine biopsy
The BM trephine biopsy tends to show a hypercellular marrow and extensive involvement by small to intermediate sized lymphoblasts.  An unusual finding in children who develop ALL that present initially with marked cytopenia, is a hypocellular/aplastic BM.  The hypoplastic phase can last for 1-4 weeks and is followed by haematological recovery.  ALL usually develops 3 to 9 months later (Campana & Behm, 2000).
3.8   Proposed WHO classification of ALL
         1.      ALL/ lymphoma former FAB L1/L2


(i)   Precursor B ALL/lymphoma:  (cytogenetic subtypes)
· t (12;21)

· t (1;19)

· t (9;22)

· t (v;11)(v;q23)/v/MLL

(ii)   Precursor T- ALL/lymphoma

2.
Burkitt’s leukaemia/lymphoma 

3.
Biphenotypic acute ALL

Variant features of ALL:

1.
ALL with cytoplasmic granules

2.
Aplastic presentation of ALL
3.
ALL with eosinophilia

4.
ALL relapse
(Wikipedia, 2008)
3.9   Prognostic variables and features
Prognostic features are used to direct therapy in ALL.  Patients are stratified into various risk groups based on known prognostic features.  Patients with lower risk disease can be treated less intensively and toxicities minimized, while patients at high risk can be targeted with more aggressive therapies (Friedman & Weinstein, 2000; Settin et al, 2007).
Improvements in the diagnosis and treatment for children with ALL have dramatically improved outcome, resulting in an overall 5 years event free survival rate of ± 80% for most patients  (Carrol, et al, 2003; Rubnitz & Pui, 1997).
The NCI/Rome criteria stratify precursor B-cell ALL patients into standard risk (age 1 - < 10 yrs and WBC < 50 x 10 9/
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) or high risk (age ≥ 10 yrs and/or WBC ≥ 50 x 10 9/
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).  
Table 6:   Prognostic factors in childhood ALL

	
	Outcome

	
Risk factor
	Favourable
	Unfavourable

	
Age
	≥1 and ≤9 years
	<1 or >9 years

	
Gender
	Female
	Male

	
Race {9}
	Caucasian, Asian
	African-American/African

	
WBC count at diagnosis
	<50 x 10 9 /
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	≥50 x 10 9/
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DNA index
	>1.16
	≤1.16

	
Chromosome number per leukemic cell
	>50
	<45, especially 24-28

	
Induction response to prednisone on day 8
	No peripheral blasts
	Peripheral blasts

	
CNS status
	CNS 1
	CNS 2 or 3

	
Cytogenetics
	Trisomies 4 and 10
	t(4;11); t(9;22); t(1;19)

	
Molecular genetics
	TEL-AML1
	MLL gene rearrangements

	
Immunophenotype
	Precursor B
	T cell, mature B cell


(Source:  Friendman & Weinstein, et al, 2005)
3.9.1   Clinical features
3.9.1.1.   Gender
Female patients have a more favourable prognosis than boys with ALL. This can be related to the higher incidence of T-cell ALL, and the increased risk of testicular and CNS relapse in boys (Hoffman, et al, 2005;  NCI, 2008).
3.9.1.2   Age at diagnosis
Young children (aged 1 - < 10 yrs) have a more favourable outcome than 
older children, which can be explained by the more frequent occurrence of favourable genetic features, e.g. t(12; 21) and hyperdiploidy  (>50  chromosomes) in this age group. The poor prognosis of infant (<1 year)  ALL is due to the high frequency of MLL gene rearrangement 
(11q23),  such as t(4;11)  in this age group (NCI, 2008;  Hoffbrand, et al, 
2005).
3.9.1.3   Race 
The reason for lower survival rates for black and Hispanic children in comparison to white and Asian children with ALL is not known.  This 
difference may be therapy – dependent (NCI, 2008).
3.9.2   Laboratory features
3.9.2.1   White blood cell count (WBC) at diagnosis
Patients with a WBC ≥ 50 x 10 9/
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 have a poor prognosis, and are at increased risk of treatment failure and relapse (NCI, 2008).
WBC is reflective of tumour burden (Carroll, et al, 2003). An elevated WBC is associated with other high risk prognostic factors, e.g. unfavourable genetic abnormalities ( t(4;11) and t(9;22) ) as well as T-cell ALL (NCI, 2008).
3.9.2.2   CNS status
Children with ALL with CNS disease (CNS3)  at diagnosis are at higher risk of treatment failure.  Patients with CNS2 status or who had a traumatic lumbar puncture are associated with increased risk of CNS relapse and poorer outcome  (NCl, 2008;  Carrol, et al, 2003).

3.9.3   Immunophenotyping
Pro B-ALL:         is most commonly seen in young infants, and is CD10   

                           negative with no cytoplasmic or surface Ig. It is 
                          associated with MLL gene rearrangements  e.g. t(4;11),  

                           and with poor outcome (NCI, 2008).

Common B-ALL:  is CD10+ (common ALL antigen/cALLa) with no surface 
                                     or cytoplasmic Ig. It occurs in ± 3/4 of patients with 
                                     precursor  B-cell ALL. Patients with this immunepheno- 

                                     type have the best prognosis (NCI,2008).
        T-cell ALL:             is defined by the leukaemic expression of cytoplasmic      

                                     CD3, D7,  CD2 or CD5 and is associated with male   

                                     gender, older age, leucocytosis and mediastinal mass  

                                     (PORC, 2005;  NCl, 2008).

Cases of precursor B- and T-cell ALL can be subdivided  into  CD10+ (cALLa)  and CD10 -negative ALL. CD 10+  cases generally have more favourable outcome than 

CD10- negative cases (Young, 2006).                   

3.9.4   Genetic abnormalities
Chromosome number

Hyperdiploidy:
(51-65 chromosomes/cell or DNA index > 1.16) is                           

                                       associated with age 1 - < 10 yrs, low median WBC and     

                                       a favourable 
prognosis (Hoffbrand, et al, 2005).

Hypodiploidy:
(< 45 chromosomes) and near haploidy (24 – 28 




chromosomes) are associated with poor prognosis.

Trisomies:

 of chromosome 4 and 10 are good prognostic factors     

                                       (NCI, 2008).
Chromosomal translocation

t(12;21):

a cryptic translocation  resulting in the TEL-AML1

                                       fusion , is the most common genetic rearrangement in  

                                       chilhood ALL and is associated with good prognosis  

                                       (NCI,2008).

t(9;22):

the Philadelphia chromosome (Ph+), is a poor prognostic

                                       factor (NCI, 2008) , and is associated with poor         

                                       response to therapy and early relapse (Hoffbrand,et al,   

                                       2005).

t(1;19):

is associated with poor prognosis, but this can be largely 

                                       overcome by more intensive therapy (NCI,2008).
         MLL (11q23) gene translocations

t(4;11):
is most commonly seen in infants (< 1 year) and associated 



with poor response  to therapy (PORC, 2005).

t(11;19):
outcome for infants with t(11;19) is poor, but the outcome is 


relatively favourable for children with T-cell ALL and t(11;19)



(PORC, 2005; NCI,2008).
           t(8;14);  t(8;22);  t(2;8):  cases represent the leukaemic phase of 



Burkitt’s lymphoma, and are associated with poor prognosis 



(NIC, 2008).

4.   Materials and Methods

4.1   Data collection
This study was conducted retrospectively on all newly diagnosed ALL paediatric patients with age range 1-12 years, for the period 2003-2007.

The patients were identified by means of hospital and laboratory records.  Results were obtained from these records and the Disa 16 laboratory computer system.

A basic data collection form for each patient was completed.  This consisted of appropriate clinical features, laboratory results and survival outcome data.

The laboratory materials used were:
· FBC with peripheral blood film

· bone marrow aspirate slides

· trephine biopsy slides
4.2   Statistical analysis
All statistical procedures were conducted on SAS®, Release 9.1.3, run under Microsoft Windows XP for a personal computer. Descriptive  statistical  measures were used to summarise the data. Chi-squared tests were used for comparative statistical analysis, e.g. males vs. females.
Two-sided Fischer’s exact test:  determined p-values of mean survival time. 

Two-sided T-test: 

   determined p-values of percentage (%) of 
                                                   patients alive at the end of the study.
Log-Rank test:  


   determined p-value of survival curves.
A  p-value of < 0,05 was considered statistically significant.


                    5.   Results and statistical analysis
29 Newly diagnosed paediatric ALL patients were identified  (Table 7).
Table 7:   Data collected on patients

	Pt

ID
	GENDER
	Yrs

AGE
	x10 9/
[image: image19.wmf]l


WBC
	g/dl

Hb
	x10 9/
[image: image20.wmf]l


Plt
	BM
	FC:

Flow cytometry
	Date of DIAG
	SURVIVAL OUTCOME

	
	
	
	
	
	
	
	B
	T
	UNK
	
	

	  1
	M
	12
	7
	7
	9
	L2
	B
	
	
	010703
	UNK

	  2
	F
	9
	64.8
	2.7
	34
	L1
	B
	
	
	291003
	UNK

	  3
	M
	9
	145
	5.4
	28
	L2
	
	T
	
	101203
	UNK

	  4
	M
	8
	21.5
	3.8
	16
	L2
	B
	
	
	090303
	110305

	  5
	F
	4
	173
	1.8
	6
	L2
	B
	
	
	060404
	151105

	  6
	F
	6
	1.8
	6.2
	31
	L2
	B
	
	
	300404
	ALIVE

	  7
	M
	10
	291
	5.5
	28
	L2
	
	T
	
	020704
	020704

	  8
	F
	4
	13
	6.7
	23
	L2
	B
	
	
	090704
	ALIVE

	  9
	M
	6
	18
	2.3
	11
	L2
	B
	
	
	160704
	UNK

	10
	M
	11
	20.3
	7.1
	4
	L2
	B
	
	
	060804
	ALIVE

	11
	M
	4
	321
	7
	13
	L2
	
	T
	
	300804
	020904

	12
	M
	8
	128
	4
	12
	L2
	B
	
	
	201004
	UNK

	13
	F
	9
	6
	11.7
	374
	L2
	
	T
	
	201004
	231104

	14
	F
	5
	10
	12
	26
	L2
	
	
	UNK
	200105
	160106

	15
	M
	5
	25
	4.6
	10
	L2
	B
	
	
	110405
	040106

	16
	M
	12
	17.9
	6
	19
	L2
	
	T
	
	250505
	031105

	17
	F
	7
	325
	6.4
	26
	L2
	
	T
	
	050805
	110805

	18
	M
	12
	4.9
	8.5
	17
	L2
	
	T
	
	090805
	UNK

	19
	M
	11
	96
	5
	17
	L2
	B
	
	
	230905
	ALIVE

	20
	M
	3
	24
	6
	13
	L2
	
	
	UNK
	051005
	UNK

	21
	F
	3
	2.5
	4.5
	11
	L2
	B
	
	
	061005
	ALIVE

	22
	M
	10
	6
	8
	24
	L2
	B
	
	
	250106
	060206

	23
	M
	10
	2.6
	9.5
	367
	L2
	
	T
	
	300106
	150707

	24
	F
	2
	135
	7.7
	18
	L1
	B
	
	
	240506
	290506

	25
	F
	3
	29
	3.8
	56
	L2
	
	T
	
	020606
	190606

	26
	M
	5
	138
	6.7
	35
	L2
	B
	
	
	110706
	UNK

	27
	F
	6
	4.1
	3
	34
	L2
	B
	
	
	081106
	ALIVE

	28
	M
	6
	306
	7
	58
	L2
	
	T
	
	030107
	ALIVE

	29
	F
	10
	5.8
	6.2
	51
	L2
	B
	
	
	180407
	230907


M     =
   Male




     B       =  B cell 
F      =   Female
                                     T       =   T cell



BM   =   Bone marrow morphology
                 UNK  =  Unknown
Plt    =  Platelet count
Table 8:   Results on gender
	Gender
	No of pt:        Survival (Patients)
	Survival outcome

	
	Total
	Alive
	Died
	Unknown
	Mean survival time
(days
p = 0,8
	% pt alive 
  p = 1,0

	F
	12
	4
	7
	1
	455,7 ±149,8s
(11 pt known)
	36,4%

	M
	17
	3
	7
	7
	414 ±139,8
(10 pt known)
	30,0%


F  =  Female







M =  Male
Table 9:   Results on age
	Age

(years)
	No of pt:       Survival (patients)
	Survival outcome

	
	Total
	Alive
	Died
	Unknown
	Mean survival time
(days)
p = 0,9
	% pt alive 
 p = 1,0

	1 – 9
	20
	5
	9
	6
	444 ±121,7
(14 pt known)
	35,7%

	≥ 10
	9
	2
	5
	2
	419 ±178,2
(7 pt known)
	28,6%


Table 10:   Results on WBC
	WBC

x10^9/
[image: image21.wmf]l


	No of pt:      Survival (patients)
	Survival outcome

	
	Total
	Alive
	Died
	Unknown
	Mean survival time
(days)
p = 0,2
	% pt alive
  p = 1,0

	<50
	18
	5
	9
	41
	525 ±128,3
(14 pt known)
	35,0%

	≥50
	11
	2
	5
	4
	256 ±129,5
(7 pt known)
	28,0%


pt =  patients
± = standard error

Table 11:   Bone marrow morphology of blasts
	Morphology:

* FAB
	Number of patients
	

	L1
	2
	

	L2
	27
	

	L3
	0
	(


* FAB  =  French-American-British classification
Table 12:   Results of immunophenotyping of lymphoblasts
	Phenotype
	No of pt:      Survival (patients)
	Survival outcome

	
	Total
	Alive
	Died
	Unknown
	Mean survival time

p = 0,01
	% pt alive 
 p = 0,16

	B-cell
	17
	6
	6
	5
	639,9 ±138,9
	50,0%

	T-cell
	10
	1
	7
	2
	164 ±67,6
	11,0%

	Unknown
	2
	0
	1
	1
	
	


pt = patients
± =  standard error

Table 13:   Results of genetic studies

	Patient no
	Genetic abnormality

	8
	
46 XX

t(1;19)(q23;p13)

	15
	
46 XY

t(9;22)(q34;qu)


BCR/ABL fusion gene

	16
	
45 XY

der 7  t(7;?11)


der 8  t(?;8)


Slides/films

Microscopic images at 10X, 20x,50X or 100X magnification.
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Patient no. 8[image: image32.jpg]



Figure 7:   Peripheral blood film : lymphoblasts
[image: image33.jpg]


[image: image34.jpg]



Figure 8:   Bone marrow aspirate : B-cell ALL 

                 FAB L2 subtype
Patient no. 9

[image: image35.jpg]



Figure 9:   PAS stain : block positive lymphoblasts
[image: image36.jpg]
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Figure 10:    Bone marrow aspirate: lymphoblasts showing hand mirror                  
                      appearance

                    B-cell ALL
                    FAB L2 subtype

[image: image38.jpg]
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Patient no. 28
Figure 11:   Bone marrow aspirate : T-cell ALL
                   Lymphoblasts with hand mirror appearance.  
                   FAB L2 subtype 
Patient no. 16
[image: image40.jpg]
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Figure 12:   Bone marrow trephine biopsy
                   Hematoxylin and eosin stain (H&E)

                   T-cell ALL
                   Hypercellular bone marrow showing monotonous infiltration by blasts
Table 14:   Survival outcome of study patients
	Pt no.
	Surival int (days)
	GENDER
	AGE(years)
	WBC
(X10 9/l)
	FC

	
	
	
	
	
	T
	B
	UNK

	     1
	(
	M
	      >= 10
	    <  50
	
	B
	

	     2
	        (
	F
	   01  -  09
	    >=50
	
	B
	

	     3
	        (
	M
	   01  -  09
	    >=50
	T
	
	

	     9
	        (
	M
	   01  -  09
	    <  50
	
	B
	

	   12
	        (
	M
	   01  -  09
	    >=50
	
	B
	

	   18
	        (
	M
	      >= 10
	    <  50
	T
	
	

	   20
	        (
	M
	   01  -  09
	    <  50
	
	
	UNK

	   26
	        (
	M
	   01  -  09
	    >=50
	
	B
	

	     7
	         0
	M
	      >= 10
	    >=50
	T
	
	

	   11
	         3
	M
	   01  -  09
	    >=50
	T
	
	

	   24
	         5
	F
	   01  -  09
	    >=50
	
	B
	

	   17
	         6
	F
	   01  -  09
	    >=50
	T
	
	

	   22
	       12
	M
	      >= 10
	    <  50
	
	B
	

	   25
	       17
	F
	   01  -  09
	    <  50
	T
	
	

	   13
	       34
	F
	   01  -  09
	    <  50
	T
	
	

	   29
	     158
	F
	      >= 10
	    <  50
	
	B
	

	   16
	     162
	M
	      >= 10
	    <  50
	T
	
	

	   15
	     268
	M
	   01  -  09
	    <  50
	
	B
	

	   14
	     361
	F
	   01  -  09
	    <  50
	
	
	UNK

	   28
	     362
	M
	   01  -  09
	    >=50
	T
	
	

	   27
	     418
	F
	   01  -  09
	    <  50
	
	B
	

	   23
	     531
	M
	      >= 10
	    <  50
	T
	
	

	     5
	     588
	F
	   01  -  09
	    >=50
	
	B
	

	     4
	     733
	M
	   01  -  09
	    <  50
	
	B
	

	   21
	     816
	F
	   01  -  09
	    <  50
	
	B
	

	   19
	     829
	M
	      >= 10
	    >=50
	
	B
	

	   10
	   1242
	M
	      >= 10
	    <  50
	
	B
	

	     8
	   1270
	F
	   01  -  09
	    <  50
	
	B
	

	     6
	   1340
	F
	   01  -  09
	    <  50
	
	B
	


UNK  =  Unknown                                                 B= B cell
FC     =  Flow cytometry                                         T= T cell
M      =  Male

F       =  Female

6.   Discussion
First Objective
To determine the correlation between survival outcome of paediatric patients with ALL and different variables at diagnosis.
29 Patients diagnosed with ALL from 2003-2007, were identified at DGMH.
Eight patients’ survival data were unknown.  The survival outcome with each variable could not be determined in these eight patients. 

Clinical features

Gender



29 patients:  female : 12 patients


                   male    : 17 patients
Statistical analysis of gender is shown in Table 8.
Age


The age range of the patients was 2 - 12 years.


    1 -  9 years : 20 patients



≥   - 10 years :   9 patients
The mean age of all patients was 7.2 years.  Statistical analysis of age is shown in 

Table 9.
Race

28 Patients were black, and one patient was white.
Laboratory findings


White blood cell count (WBC)


WBC
< 50 x10 9/
[image: image22.wmf]l

  :  18 patients



≥50 x 10 9/
[image: image23.wmf]l

 :  11 patients

The WBC range was 1,8  to 325 x10 9/
[image: image24.wmf]l

.  Statistical analysis of WBC is shown in 

Table 10.
Although the difference in survival time between WBC <50 and WBC ≥50 in this study appears to be clinically significant (525 ± 128,3 days vs. 256 ± 129,5 days respectively), this difference was not statistically significant (p-value = 0,2).
The p-value was consistently > 0,05 in ALL statistical analysis of gender, age and WBC, further confirming that these results were not statistically significant.
The correlation between survival outcome with gender, age and WBC respectively, could not be demonstrated in this study.
Immunophenotyping

B-cell ALL   :  17 patients  (58,6%)

T-cell ALL   :
10 patients   (34,5%)

Unknown    :
  2 patients   (6,9%)
Statistical analysis of immunophenotyping is shown in Table 12.
It was difficult to classify B-cell ALL cases into pro-B, common-B or pre-B ALL  due to the lack of monoclonal antibody markers (e.g. Tdt, cy Ig, s Ig) in immunophenotyping results in this study.

The mean survival time of:


B-cell ALL   :
639 ± 138,9 days


T-cell ALL   :
164 ± 67,6 days

The mean survival time between B and T-cell ALL was statistically significant in this study (p-value = 0,01).
B cell ALL cases included 27,6% of females and 31% of males, while T- cell ALL cases included 10,3% of females and 24,1% of male patients.                             
According to the literature (Rooney & Czepulkowski, 1989) , T-cell ALL is more common in males than females with an aggressive course and short survival. These patients  therefore need more intensive therapy (NCI, 2008).                

Cytogenetic studies

Results of three patients (no. 8, 15, 16) were available (see Table 13).  
According to the literature (NCI, 2008), these genetic abnormalities were unfavourable prognostic factors.
Patient no.8 survived longer (1270 days)  than patient no.15 (268 days) and patient no.16 (162 days). Other available prognostic factors of patient no.8  were favourable - female, 1-9 years ,WBC <50 x 10 9/l  and B cell phenotype.
t(1;19) (Patient no.8) and  t(9;22) (patient no.15)  are primarily  associated with B-

lineage ALL (NCI,2008).

Second Objective
To determine duration of survival of a patient since the diagnosis of ALL.
Table 14 shows the survival time (in days) of each patient.  The first eight patients’ survival data/outcome were not known as these patients have been lost to follow-up.  The survival outcome data have been generated from the 21 known patients.
Patient no. 7 had the worst survival outcome (0 days) – he died on the same day of diagnosis.
The prognostic factors available for this patient were all unfavourable – male, ≥ 10 years,  WBC ≥50 x 10 9/
[image: image25.wmf]l

 and T-cell phenotype.

Patient no. 6 had the best survival outcome (survival time was:  1340 days = 44,6 months = 3,7 years).
The prognostic factors available for this patient were all favourable – female, 1-9 years, WBC <50 x 10 9/
[image: image26.wmf]l

  and B-cell phenotype.
7.   Conclusion and Recommendations
7.1   Conclusion
The correlation between survival outcome with gender, age and WBC respectively, could not be demonstrated in this study. The mean survival time between B and T-cell ALL was statistically significant in this study, showing B-cell ALL with a better survival outcome than T-cell ALL.
7.2   Recommendations

Based on the findings of the current study, a common set of prognostic factors should be uniformly obtained.
(
Immunophenotyping should differentiate between pro-B, common-B,


pre-B, mature-B.
(
Genetic studies should be performed in each newly diagnosed case of 

paediatric ALL.
The above recommendations would be important for diagnosis, prognosis and management.
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