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Abstract  

Background:  Approximately one-fourth of adult Acute  
Lymphoblastic Leukemia (ALL) expresses the oncogenic  
protein BCR-ABL1 that results from the  t (9;22) chromosome  
translocation known as the Philadelphia (Ph) chromosome.  
Formerly seen as a poorly tractable therapeutic problem; Ph-
positive (Ph+) ALL is associated with at least a 10% lower  
chance of Complete Remission (CR) than Ph-negative (Ph–)  
disease and with an extremely poor prognosis overall. However,  

multiple clinical trials of BCR-ABL-specific Tyrosine Kinase  

Inhibitors (TKIs) have conclusively demonstrated significantly  
superior initial responses resulting in higher CR rates without  
additional toxicity.  

Purpose: Little evidence exists regarding the prevalence,  
clinical outcomes and molecular response of adult patients  
with Ph+ versus Ph– B-ALL in our country. The aim of our  
study was to explore the presence of minor BCR-ABL (P190)  
gene in Egyptian B-ALL patients and correlate it with treatment  
outcome.  

Patients and Methods: Quantitative assessment of minor  
BCR-ABL gene expression was performed by quantitative  
Real-Time Polymerase Chain Reaction (qRT-PCR) in 48  
Egyptian B-ALL patients. All patients received classic ALL  

treatment in addition to TKI (Imatinib) in the minor BCR-
ABL +ve patients.  

Results: Only Ten patients (21%) were positive for minor  
BCR-ABL. Concerning molecular response, minor BCR-ABL  
fusion gene was expressed in mRNA of patient leukocytes  
(Mean ±  SD=0.006±0.006), with a 3 log reduction from  
baseline ratio after receiving treatment. Disease Free Survival  
(DFS) was significantly higher among Ph+ve patients than  
Ph-ve patients (p=0.049).  
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Conclusion:  In conclusion, the TKIs have significantly  
improved outcomes for adult patients with Ph-positive ALL,  
with the use of imatinib in combination with intensive che-
motherapy early in the treatment course. Over the coming  
years, the treatment of adult ALL will certainly change from  
disease-type to molecular-target type and from risk-stratified  
treatment schedules to more personalised therapies. More  
specific therapies and new immunotherapy-based approaches  
are the most promising advances for improving prognosis and  
reducing treatment-related morbidity.  
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Introduction  

THE  genetics of ALL are becoming well under-
stood and the incidence of individual chromosomal  
abnormalities varies considerably with age [1] .  
ALL has a bimodal age distribution, being most  
commonly seen in children with a subsequent  
decline in incidence in middle age and a subsequent  
increase in older individuals [2] . In Egypt, the  
annual incidence is approximately four cases per  
100 000 children per year in the National Cancer  
Institute (NCI) Cairo University.  

ALL constitute 30% of all pediatric malignan-
cies and 70% of pediatric leukemias. Cases show  
a male to female ratio of 2.3:1. The 2-10 years age  
group constitutes 68.5% [3] . In the last decade,  
microarray and sequencing analysis of large ALL  

cohorts has revolutionized our understanding of  
the genetic basis of this disease. These studies have  
identified new ALL subtypes, each characterized  
by constellations of structural and sequence alter-
ations that perturb key cellular pathways, including  
lymphoid development, cell-cycle regulation, and  
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tumor suppression; cytokine receptor, kinase, and  
Ras signaling; and chromatin modifications. Several  
of these pathways, particularly kinase-activating  

lesions and epigenetic alterations, are logical targets  
for new precision medicine therapies [4] . The Ph  
chromosome reflects a balanced reciprocal trans-
location between the long arms of chromosome 9  

and 22 [ t  (9;22) (q34;q11)] involving the BCR and  
ABL genes. At present, detection of BCR/ABL  
gene rearrangement is mandatory in B-ALL patients  

at diagnosis for prognostic stratification and treat-
ment decision [5] . Significant advances in treatment  

of Ph-positive ALL have been made since the  
discovery of Imatinib which is a selective ABL  
tyrosine kinase inhibitor. Whereas the outcome  

with standard chemotherapy was previously poor,  

incorporation of Imatinib into treatment protocol  

has improved survival [6] . Recently, Ph-like ALL  
cases have been identified which lack BCR-ABL,  

exhibit a gene expression profile similar to BCR-
ABL positive ALL, harbor alterations of B-lym-
phoid transcription factor genes, and have poor  

outcome [7,8] . The prevalence of Ph-like ALL  
increases with age and varies according to ethnicity,  

in part because CRLF2 (cYtokine Receptor Like  

Factor 2) alterations are associated with Hispanic  

ethnicity and native American genetic ancestry [9] .  
Ph-like ALL is associated with high-risk clinical  

features, a poor response to induction chemother-
apy, elevated Minimal Residual Disease (MRD)  
levels, and/or poor survival. Several observations  

indicate that Tyrosine Kinase Inhibitors (TKIs)  

may be effective in Ph-like ALL [10,11] .  

As, little evidence exists regarding the preva-
lence, clinical outcomes and molecular response  
of adult patients with Ph+ versus Ph-B-ALL in our  

country. The current study aimed to investigate  
the prognostic significance of minor BCR-ABL  

(P190) gene expression and correlate it with treat-
ment outcome.  

Material and Methods  

After informed patient consent and approval  

by the Institutional Review Board (IRB), 48 newly  
diagnosed B-ALL patients referred to Kasr Al-
Ainy Centre of Clinical Oncology and Nuclear  

Medicine in the period from January 2013 to De-
cember 2015 were enrolled in our study. Twenty  
age and sex matched healthy controls were also  

enrolled. All patients were diagnosed and treated  

at Clinical Oncology Department, Kasr Al-Ainy,  
Cairo University.  

Treatment regimen and response to therapy:  

All patients were treated using standard induc-
tion regimen: Phase I (weeks 1-4), consisted of  

doxorubicin 25 mg/m2  administered intravenously  
on days 1, 8, 15, and 22; vincristine 1.4mg/m2 

 

administered intravenously on days 1, 8, 15, and  

22; L-asparaginase 10000IU administered intra-
muscularly on days 17 to 28 and prednisone  
60mg/m2  administered orally in divided doses on  
days 1 to 28; and methotrexate 12.5mg administered  

intrathecally on day 15.  

Patients with Ph+ ALL received Imatinib 400mg  

daily all through the induction. Bone marrow  
assessment at end of induction is done and patient  

is considered in complete remission if his marrow  

blasts <5%. Patients went on to phase II of induc-
tion regardless of whether residual leukemia was  

in their marrow at the end of phase I. Phase II  

therapy (weeks 5-8) consisted of cyclophosphamide  

650mg/m2  intravenously on days 1, 15, and 29 and  

cytarabine 75mg/m2  intravenously on days 1 to 4,  
8 to 11, 15 to 18, and 22 to 25. 6-Mercaptopurine  

(60mg/m2) was administered orally on days 1 to  
28, and methotrexate 12.5mg was administered  
intrathecally on days 1, 8, 15, and 22. Patients  
were evaluated for response at the end of each of  

the 2 phases of induction using bone marrow aspi-
ration and BCR-ABL assessment by qRT-PCR for  

those with Ph+ ALL. The patient is considered in  
complete remission if his marrow blasts <5%.  
Those who achieved CR went on to the intensifi-
cation/CNS prophylaxis phase using 3 cycles of  

high-dose methotrexate, 3g/m 2  intravenously given  
on days 1, 8, and 22, followed by L-asparaginase  
10 000IU on days 2, 9, and 23 and standard leuco-
vorin rescue. This is followed by 4 cycles of con-
solidation phase: Cycle 1 consisted of cytarabine  

75mg/m2  intravenously on days 1 to 5; etoposide  

100mg/m2  intravenously on days 1 to 5; vincristine  

1.4mg/m2  intravenously on days 1, 8, 15, and 22;  
and dexamethasone 10mg/m2  orally on days 1 to  
28. Cycle 2 was started 4 weeks after cycle 1 and  
consisted of cytarabine 75mg/m 2  intravenously on  
days 1 to 5 and etoposide 100mg/m 2  intravenously  
on days 1 to 5. Cycle 3 was started 4 weeks after  
cycle 2.  

It consisted of doxorubicin 25mg/m 2  intrave-
nously on days 1, 8, 15, and 22, cyclophosphamide  
650mg/m2  intravenously on day 29, cytarabine 75  
mg/m2  intravenously on days 31 to 34 and 38 to  
41, and 6-Mercaptopurine 75mg/m2  orally on days  
29 to 42. Cycle 4 of consolidation therapy was  
identical to cycle 2 and was to begin 8 weeks after  

the end of cycle 3.  
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Maintenance therapy consisted of monthly  
treatment of vincristine 1.4mg/m 2  intravenously,  
prednisone 60mg/m2  orally for 5 days, 6-merca-
ptopurine 75mg/m2  orally daily, and methotrexate  
20mg/m2  orally once a week. Maintenance therapy  

was to continue for a total of 2.5 years from the  

start of intensification therapy.  

Endpoints:  

The Overall Survival (OS) rate was defined  
from the date of the first visit till the last follow-
up or death, while the Disease Free Survival (DFS)  
rate was defined from the date of CR achievement  

till the date the patient relapsed.  

Quantitative assessment of minor BCR-ABL  

gene expression:  

Total RNA was extracted from peripheral blood  
or bone marrow blast cells using commercially  
available extraction kits (Qiagen, Germany). The  

amount of RNA was measured spectrophotometri-
cally. The RNA integrity was tested on the Nano-
drop. All samples had an OD 260/280nm ratio  
>1.8, indicating high purity. For the generation of  

first strand cDNA, 10 11 l of total RNA was reversed  
transcribed in a final volume of 20 11 l with the high  
capacity cDNA Archive Kit (Applied Biosystems,  

Netherlands). cDNA specific mbcr-abl Taqman  
primers and probe sets were used. Minor BCR-
ABL was detected by complete Kit (ipsogen BCR-
ABL P190 mbcr e1a2 transcripts-ref no. 670023,  
lot no. 9480942), according to manufacture proto-
col.  

All PCR reactions were performed on the Step  

one Sequence Detection System (Applied Biosys-
tems) using the fluorescent Taqman methodology.  

The PCR cycle at which the fluorescence arises  

above the background signal is called the Cycle  

threshold (Ct) and it is inversely proportional to  
the log of the initial copy number. In total 10 11 l  
of the reverse transcription volume (cDNA) was  

used for each PCR reaction in a total volume of  

25 11 l. A real time PCR reaction was carried out.  
One primer pair amplified the target gene and the  

other amplified the endogenous reference gene.  

Primer and probe concentrations for the target  

gene were optimized according to the manufactur-
er's procedure. The thermal cycling conditions  
comprised 10min at 95ºC, 120s at 50ºC (40 cycles  
of 15s denaturation at 95ºC) and 60s annealing at  
60ºC.  

Data analysis:  

All data were tabulated and statistically studied  

by descriptive analysis as well as survival analysis  

in relation to BCR-ABL expression. Comparison  

between the two groups was done using Student t  
test for continuous data and Chi square ( x 2) test  
for categorical data. Survival analysis was done  

according to Kaplan-Meier method and compared  

by log-rank test for significance. Univariate analysis  

using Cox regression module was performed to  
test the power of relation between the independent  

variables and survival differences were considered  

significant if p-value was less than 0.05. All statis-
tical calculations, data management and analysis  

were performed using computer programs Mi-
crosoft Excel Version 7 (Microsoft Corporation,  

NY, USA) and SPSS Version 20 (Statistical Pack-
age for the Social Science; SPSS Inc., Chicago,  

IL, USA).  

Results  

Forty eight patients with diagnosis of acute  

lymphoblastic leukemia were included, 29 (60.4%)  
were males and 19 (39.6%) were females with a  

male to female ratio 1.5: 1 . The median age 29  
years (range: 18-57). The most common primary  
clinical presentations in our study group were:  
Fever in 27 patients (65.3%), easy fatigability in  
22 patients (48.5%), bleeding tendency in 13 pa-
tients (27.1%), hepatomegaly in 10 patients  

(20.8%), splenomegaly in 15 patients (31 .3%) and  

lymphadenopathy in 18 patients (37.5%). Philadel-
phia chromosome was present in 10 patients (21%).  

By comparing patients with positive and negative  
minor BCR-ABL expression, there was no statis-
tical significant difference between both groups in  

relation to age and gender (p=0. 169 and 0.164)  
respectively. Regarding the clinical data, also there  

was no statistical significant difference between  

both groups. Hematological response in Ph+ve  

patients achieved within 12 months showed signif-
icant difference (pD0.005). In respect of response  
to treatment and survival, complete remission was  
achieved in 71% of Ph-ve cases compared to 100%  

in Ph+ve. Disease free survival Fig. (1) was sig-
nificantly higher among Ph+ve patients than Ph-
ve patients (p=0.049). Before treatment, minor  
BCR-ABL fusion gene was expressed in mRNA  

of Ph+ve patients leukocyte at ratio of (0.05 t0  

1.45), while after receiving chemotherapy accom-
panied with Imatinib, there was a Major Molecular  
Response (MMR), where minor BCR-ABL fusion  
gene was expressed with 3 log reduction at a ratio  

of (0.02 to 0.0003) after 12 months.  



C
um

 s
ur

vi
va

l 

0.8  

0.6  

0.4  

0.2  

0.0  

1.0  
Log Rank  p=0.049  

mbcr-abl expression  
Positive  

Negative  

Positive-censored  

Negative-censored  

C
um

 s
ur

vi
va

l 

0.8  

0.6  

0.4  

0.2  

0.0  

1.0  
Log Rank  p=0.151  

mbcr-abl expression  
Positive  

Negative  

Positive-censored  

Negative-censored  

1978 Philadelphia-Positive B-ALL: Does it Differ from Philadelphia-Negative One?  

Table (1): Clinicopathological parameters according to Ph status.  

Parameter  Ph positive  Ph negative  p - 
Number  10 patients  38 patients  value  

Age:  
Median  42.5  26  0.169  
Range  
Mean  37.9  31.2  
SD  12  13.5  

Gender:  
Male  4  25  0.164  
Female  6  13  

Presentation:  
Fever  7 (70%)  20 (30%)  0.478  
Easy fatigability  7 (70%)  15 (39.5%)  0.152  
Bleeding tendency  4 (40%)  9 (23.7%)  0.425  
Hepatomegaly  1 (10%)  9 (23.7%)  0.664  
Splenomegaly  1 (10%)  14 (36.8%)  0.140  
Lymphadenopathy  3  (30%)  15 (39.5%)  0.722  

Laboratory parameters (Mean ±  SD):  
WBCs (X10

3
/mm

3
)  58.8±72.8  1.0±52.5  0.203  

Hb (g/dl)  7.9± 1.8  8.5±2.1  0.458  
Platelets (X1 0

3
/mm

3
)  55.2±27.3  58.0±47.6  0.611  

P.B blasts (%)  62.1 ±22.8  64.1±26.6  0.816  
B.M blasts (%)  94.7±3.7  82.8±23.5  0.483  
CD 10  54.0±33.1  60.6±29.6  0.594  
CD 19  83.6± 17.7  80.3± 15.6  0.341  
CD22  67.5± 15.8  61.8±20.8  0.509  
CD97a  71.6±27.1  60.6±29.6  0.594  

Disease free survival  

0.00 10.00 20.00 30.00 40.00  
Disease free duration (months)  

Fig. (1): Disease free survival according to Ph chromosome  
status.  

Discussion  

Among 48 patients of newly diagnosed B-acute  
lymphoblastic leukemia, 21% of all patients possess  
Ph chromosome. Patients presenting with Ph+ve  
ALL differed from those with Ph-ve ALL at some  

aspects, firstly regarding the clinical data, the  

Overall survival  

0.00 10.00 20.00 30.00 40.00  
Over all duration of follow-up (months)  

Fig. (2): Overall survival according to Ph chromosome status.  

present study showed that median age is slightly  
higher; also the most presenting symptoms in  
Ph+ve patients were easy fatigability and fever  
while bleeding, hepatomegaly and seplenomegaly  
were only 10%. These findings were different from  
Ph-ve patients although the difference was some-
times not significant. Our data compared to study  
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from Pakistan and Singapore showed similarity  
regarding incidence, age and presentation [12,13] .  
Regarding laboratory data, many studies including  

ours showed that Ph+ve is associated with higher  
initial leukocyte counts and more blasts in the  

peripheral blood and bone marrow [12,13] . In respect  
of immunophenotyping, similar to western data  
[14] , the present study showed that CD 19, CD22  

and CD79a % were higher in the Ph+ve, while  
data from Asian study reported that CD 10 expres-
sion had significant difference [15] . In the matter  
of treatment outcome, in the present study, the  
disease free survival was significantly higher among  

Ph+ve patients than Ph-ve patients ( p=0.049). This  
finding compared to older studies prior to use of  

Imatinib in Ph+ ALL showed that Ph+ patients had  
poorer outcome [15-17] . Concerning Molecular  
Response (MR), in the present study after receiving  
chemotherapy accompanied with Imatinib, minor  
BCR-ABL fusion gene was expressed in mRNA  
of patient leukocyte (mean ±  SD = 0.006±0.006),  
with a 3 log reduction from baseline ratio. This is  

in accordance with the results previously reported  

that when Imatinib is added to induction therapy,  
minor BCR-ABL, mRNA was reduced at least 1  
log from baseline after the first induction therapy.  

In conclusion the TKIs have significantly improved  
outcomes for adult patients with Ph-positive ALL,  

with the use of imatinib in combination with inten-
sive chemotherapy early in the treatment course,  
and continuing through consolidation and mainte-
nance considered as the current standard of care.  

The second-generation TKIs, such as dasatinib,  

are likely to yield better results and ongoing trials  

are evaluating them in combination with chemo-
therapy.  

Monotherapy with TKIs should be reserved for  
the elderly and those unable to tolerate intensive  

chemotherapy. Monitoring MRD should be part of  

standard care of all patients with Ph-positive leu-
kemias. Although high initial response rates are  

seen with the incorporation of TKIs, disease relapse  

remains a major cause of mortality. There is further  

need for incorporating newer agents, like ponatinib,  

which overcomes resistance related to the T3 15I  

mutation, a frequent cause of Ph positive ALL  

resistance, to potentially achieve more durable  
responses. Over the coming years, the treatment  

of adult ALL will certainly change from disease-
type to molecular-target type and from risk-
stratified treatment schedules to more personalised  

therapies. More specific therapies and new immu-
notherapy-based approaches are the most promising  

advances for improving prognosis and reducing  

treatment-related morbidity.  
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