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Introduction: The BCR-ABL fusion gene [t(9;22) (q34;q11)] occurs in 3–5% of pediatric acute lymphoblastic leukemia (ALL) and predicts a 
very poor prognosis. 
Material and methods: 2 ml samples of bone marrow (BM) and peripheral blood (PB) in EDTA tubes from 24 ALL patients were examined 
in the molecular biology laboratory of our university with quantitative real-time PCR (qRT-PCR) method for BCR-ABL gene expression. Prog-
nostic factors, like age, leucocyte count, lymphoblast morphology and immunology, absolute lymphoblast count on day 8, remission status 
on day 33 as well as treatment results were recorded from every patient. 
Results: All 24 qRT-PCR analysis for major and minor BCR-ABL gene expression from BM and PB were negative. Immunophenotyping 
performed in 25 patients revealed common B ALL in 12 patients, T-cell immunology in 3 and pre-B immunophenotype with aberrant myeloid 
marker expression and/or CD10 negativity in 11 patients. L1 morphology appeared in 85.7% of the pre-B ALL cases, while other immuno-
phenotypes were more likely associated with L2 cytology (62.5%) (p=0.033). Early cortisone response was favourable in 22 patients, all 26 
patients achieved complete remission on day 33. Common B immunophenotype was associated with lower WBC (mean 37,770, median 
8,200) than other immunophenotypes (WBC mean 63,783, median 50,680). 
Conclusions: A new method, the qRT-PCR test was introduced in the investigation of pediatric ALL in our university from 2010. We found a 
statistically significant correlation between L1 blast morphology and common B immunophenotype. Poor cortisone response was found more 
frequently in T-cell ALL and pre-B ALL with aberrant myeloid markers or CD10 negativity. All our patients achieved complete remission on day 
33. Lower WBC count at presentation was associated with L1 morphology and pre-B immunophenotype. 
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Introduction
Acute lymphoblastic leukemia (ALL) is a clonal expan-
sion and maturation arrest of lymphoid hematopoiesis, 
which accounts for 25–30% of childhood cancers. The 
hallmark of diagnosis in ALL is the lymphoblast in the 
BM. Histochemistry, immunophenotyping, cytogenetics 
and molecular biology of the blast cells are able to iden-
tify different types of ALL. Age, gender, white blood cell 
(WBC) count, cytogenetics, immunophenotype and mo-
lecular characteristics of the blast cells, central nervous 
system (CNS) disease, early response to corticosteroid 
therapy, bone marrow (BM) response to chemotherapy 
on the 15th and 33rd days, are the basic prognostic fac-
tors in ALL. Patients are stratified into standard, medium 
and high risk groups. The 4-year event-free survival (EFS) 
varies from 80% in most favourable cases to 65% in high 
risk patients. 

Two specific gene rearrangements or the correspond-
ing cytogenetic translocations, namely the BCR-ABL gene 
rearrangement t(9;22) (q34;q11) and the MLL-AF4 gene 
rearrangement t(4;11) (q21;q23) when present, place pa-
tients into the high risk group. A realistic risk stratification 
is crucial to obtain optimal results because treatment-in-
tensity varies among risk groups. 

The aim of this study is to perform a screening for 
BCR-ABL gene expression level in the bone marrow and 
peripheral blood of the ALL patients treated in our center 
in order to identify these very high risk patients.

Material and methods
We studied 26 pediatric ALL patients treated at the Pedi-
atric Clinic I from Tîrgu Mureș between October 2010 
– February 2011. We collected prognostic data such as 
age at diagnosis, gender, year of diagnosis, WBC count at 
presentation, absolute lymphoblast count in the peripheral 
blood on the 8th day of corticotherapy, BM remission sta-
tus on the 33rd day of chemotherapy, CNS involvement, 
lymphoblast morphology and immunology. Informations 
about treatment, cranial radiotherapy and outcome were 
also recorded. Seventeen bone marrow samples and 24 pe-
ripheral blood samples were tested for major and minor 
BCR-ABL gene expression with the qRT-PCR technique. 
BM samples were obtained from the anterior or posterior 
iliac crista, after previous sedation with 0.1 mg/kg intra-
venous midazolam and local anaesthesia with 1% lido-
cain. We collected 2 × 2 ml bone marrow in EDTA tubes 
for molecular testing and immunophenotyping, and 6–8 
smears for morphology. Quantitative RT-PCR analysis was 
performed in the Molecular Biology Laboratory of our 
university: RNA extraction was performed using QIAmp 
RNA Blood Mini Kit 50 (QIAGEN cat.no. 52304) and 
cDNA transcription with High Capacity cDNA Reverse 
Transcription Kit (Applied Biosystems cat.no 4374966) 
according to the supplier’s instructions. We studied the 
b3-a2 and b2-a2 BCR/ABL fusion gene using the primers 
and protocols recommended by the Europe Against Can-
cer Program [1]. The RQ-PCR reaction was performed 



643Improvement of Risk Stratification in Acute Lymphoblastic Leukemia Patients

on an ABI 7500 Real Time PCR instrument (Applied 
Biosystem), using 5 µlcDNA and TaqMan® Universal PCR 
Master Mix (Applied Biosystem) in 25 µl end volume. All 
reactions were made in triplicate. The ABL gene was used 
as endogenous control and known positive and negative 
control samples were also used. We performed relative 
quantification. Data was statistically processed with Chi-
square test and descriptive analysis. 

Results
Between January 2007 – February 2011, 26 patients were 
diagnosed with ALL, two of them with early CNS involve-
ment. The mean age at diagnosis was 5.52 years (4 months 
– 17 years). In the favourable age group of 1–6 years there 
were 15 patients, while one patient was a 4 months old 
infant and the other 10 patients had ages above 6 years. 
There was a male predominance with a ratio of boys ver-
sus girls of 1.6:1. The initial WBC count ranked between 
1,500 and 239,460/mm3 with a median of 14,800/mm3 
and mean of 50,378/mm3. Twenty-three bone marrows 
were evaluable for blast morphology, out of which L1 type 
lymphoblast was found in 7 cases and L2 type in 16 cases. 
Immunophenotyping was performed on 25 bone marrow 
samples, 3 of them were of T-cell, 12 were of pre-B cell 
morphology and 11 samples were of pre-B morphology but 
with CD10 negativity or they expressed additional aberrant 
myeloid markers (CD13, CD33). Seventeen BM samples 
were screened for BCR-ABL gene expression (p201) and 
all were negative. Major (p210) and minor (p190) BCR-
ABL gene expression was tested in the peripheral blood of 
24 patients and all test results were negative. Four patients 
had an absolute lymphoblast count above 1000/mm3 in 
the peripheral blood on the 8th day of corticotherapy. All 
bone marrows showed complete remission on the 33rd day 
of chemotherapy (< 5% lymphoblasts). Four patients were 
stratified into high risk leukemia and 22 into the medium 
risk group. Seven patients were given cranial radiothera-
py. None of the patients experienced bone marrow or ex-
tramedullary relapses. One two year old patient died of 
severe pneumonia. 

A strong, however statistically not significant relation-
ship (Chi-square test, p=0.273) was found between early 
cortisone response and the immunophenotype of lympho-
blasts. Poor cortisone response appeared in only 25% of 
common B ALL, but in 75% of patients with T-cell ALL 

and pre-B ALLs which expressed aberrant myeloid markers 
or were CD10 negative. 

L1 morphology appeared in 85.7% of the pre-B ALL 
cases, while other immunophenotypes were more likely as-
sociated with L2 cytology (62.5%). This association was 
significant with Chi-square test (p=0.033) (Table II). 

L1 morphology was associated with lower WBC count 
at diagnosis (mean 28,131.25/mm3; median 10,700/mm3) 
compared to the L2 morphology of the blasts (mean WBC 
60,136.67/mm3; median 38,900/mm3).

Common B immunophenotype appeared more like-
ly with lower WBC (mean 37,770, median 8,200) than 
other immunophenotypes (WBC mean 63,783, median 
50,680). 

Discussion
ALL patients are stratified into risk groups, based on prog-
nostic factors, which predict the outcome and define the 
intensity of the treatment [2]. 

Seventy five percent of childhood ALL cases have chro-
mosomal abnormalities and consecutive molecular rear-
rangements. Novel therapies targeting aberrant cytokine 
receptor signalling may have therapeutic benefits in high-
risk ALL [3].

The TEL-AML1 fusion gene [t(12;21)] which predicts 
excellent prognosis, can be detected in 1/1000 cases by 
cytogenetics and up to 25% of pre-B ALL by molecular 
techniques [4]. 

The BCR-ABL fusion gene [t(9;22) (q34;q11)] occurs 
in 3–5% of pediatric ALL cases where the ABL translocates 
to the minor breakpoint cluster region on chromosome 22, 
resulting a 190 kd protein (p190) in contrast to chronic 
myeloid leukemia (CML) where a different breakpoint 
produces a 210 kd protein (p210). Philadelphia chromo-
some positive ALL appears at older age, with higher WBC 
count, CNS involvement at diagnosis and a very poor 
prognosis with a 5-year event-free survival (EFS) of only 
14% [4]. A large study enrolling 326 patients showed that 
despite good cortisone response in 72% and complete 
postinduction remission in 82% of the patients, the 5-year 

Table I. Relationship between blast immunophenotype and early 
cortisone response (Chi-square test, p=0.273)

Absolute blast count 
in peripheral blood 
on day 8

Blast immunophyenotype Total

Common B Other  
(T-immunology, pre-B plus 
CD10 neg, CD13, CD33)

<1000/mm3 11 (55.0%) 9 (45.0%) 20 (100.0%)

>1000/mm3 1 (25.0%) 3 (75.0%) 4 (100.0%)

Total 12 (50.0%) 12 (50.0%) 24 (100.0%)

Table II. Significant statistical relationship between other than 
common B immunology of the blasts and L2 cell morphology (Chi- 
square test, p=0.033)

Blast morphology Blast immunophyenotype Total

Common B Other  
(T-immunology, 
pre-B plus CD10 

neg, CD13, CD33)

L1 Count
% within BM morphology
% within blast immunophenotype

6
85.7%
50.0%

1
14.3%
9.1%

7
100.0%
30.4%

L2 Count
% within BM morphology
% within blast immunophenotype

6
37.5%
50.0%

10
62.5%
90.9%

16
100.0%
69.6%

Total Count
% within BM morphology
% within blast immunophenotype

12
52.2%

100.0%)

11
47.8%

100.0%

23
100.0%
100.0%
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EFS did not exceed 25% [5]. They may benefit from treat-
ment with tyrosine kinase inhibitors, intensive chemother-
apy and bone marrow transplantation in their first remissio 
n[6,2]. Our 24 patients tested negative for BCR-ABL gene 
expression, which is a realistic result as soon, as only 3–5% 
of pediatric ALL patients are Philadelphia chromosome 
positive, in contrast with adults.

MLL rearrangement appears in 80% of infant ALL 
and 3–8% of ALL in older children. It corresponds to 
the t(4;11), t(11;19) and (9;11), and hyperleucocytosis, 
CD10 negativ immunophenotype and dismal outcome 
with chemotherapy are its main features. Better results 
(EFS 43.6%) were achieved with early bone marrow trans-
plantation [7,8]. We had one single patient with infant 
leukemia, diagnosed at the age of 4 months with hyper-
leucocytosis, yet she achieved good cortisone response and 
complete remission with the Interfant 99 protocol. She is 
being currently under maintenance therapy. 

Four of our patients had poor cortisone response but 
their bone marrow was free of blasts on the 33rd day of 
chemotherapy. In a large trial 2–23% of the patients did 
not achieved complete remission after one month of treat-
ment, and they were 1.5–6.1 × more likely to have adverse 
events than patients with more rapid treatment response. 
The slow 33-day response is an independent poor prognos-
tic factor in ALL [9]. 

Conclusions
1. The diagnosis of childhood ALL has become more pre-

cise by introducing the quantitative real-time PCR exa-
mination for the detection of BCR-ABL gene rearran-
gements from bone marrow and peripheral blood. We 
performed this test on 17 BM and on 24 PB samples, 
all tests were negative. 

2. We performed immunophenotyping on 25 BM out of 
26, common B ALL was diagnosed in 12 patients, T-
cell ALL in 3 and pre-B with aberrant myeloid markers 
or CD10 negativity in 11 patients. 

3. We found a statistically significant correlation between L1 
blast morphology and common B immunophenotype.

4. Poor cortisone response (n=4) was found more 
frequently in T-cell ALL and pre-B ALL with aberrant 
myeloid markers or CD10 negativity.

5. All our patients achieved complete remission on day 
33. 

6. Lower WBC count at presentation was associated with 
L1 morphology and pre-B immunophenotype. 
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