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Abstract

Background: Chromosomal abnormalities in childhood acute lymphoblastic leukemia (ALL) are well-established
prognostic markers and useful tools for minimal residual disease (MRD) assessment. This study aimed to stratify
high-risk precursor B-childhood ALL (pre-B-ALL) patients according to standard prognostic factors (age and total
leucocytic count), fluorescence in situ hybridization (FISH) analysis for these cytogenetic abnormalities [t (9;22) BCR/
ABL, t(1;19)TCF3/PBX1, and 11q23 MLL gene rearrangement], and MRD status at day 15. Besides, we aimed to
demonstrate the relation of these prognostic factors (standard and cytogenetic risk groups) to patients’ outcome at
day 15 of induction therapy as well as exploring the impact of early MRD assessment during remission induction
compared to other prognostic factors together with the ability to tailor investigations as needed especially in places
with limited health resources without compromising the outcome. Seventy-two newly-diagnosed Egyptian children
with pre-B-ALL, aged 6months to 15.5 years, registered from February 2016 to February 2018 were included. They
were treated according to the modified Children’s Oncology Group (COG) protocol. Patients were classified into (a)
standard and high-risk groups according to standard prognostic factors. (b) Patients with the studied cytogenetic
abnormalities and patients without the studied cytogenetic abnormalities. (c) Good outcome (negative MRD) and
bad outcome (positive MRD) groups according to day 15 MRD status.

Results: The studied cytogenetic abnormalities were identified in 22.2% of patients, all of them were in the high-
risk group, and 75% of them had a bad outcome (positive MRD) at day 15 of induction therapy.

Conclusion: Patients with favorable presenting features (standard risk) and undetectable MRD after 2 weeks
remission induction therapy would not be in need to advanced molecular studies, while these studies should be
considered for patients with high-risk presenting features and high levels of MRD after 2 weeks remission induction
therapy. Therefore, this could provide a cost-effective guideline in countries suffering from financial challenges
without affecting the outcome
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Background
The outcome of childhood acute lymphoblastic leukemia
(ALL) has dramatically improved over the last 50 years
with current cure rates approaching 90%, and this is at-
tributable to the introduction and gradual intensification
of combination chemotherapy, with contemporary regi-
mens involving the use of 7–8 drugs, along with im-
provement of prognostic factors [1].
However, with current therapeutic regimens, a propor-

tion of children are likely to be over-treated while a pro-
portion may benefit from more intensive therapy. Thus,
it remains challenging to make this balance to achieve a
cure with minimal chemotherapy to avoid unnecessary
toxicities. This goal could be achievable by tailoring
therapy to each patient’s prognostic profile [2].
Several studies have shown that minimal residual dis-

ease (MRD) status, which signifies leukemic cells un-
detectable by morphologic examination of bone marrow
smears, during the early stages of therapy, provides
prognostic information independent of more classic
prognostic markers such as presenting white blood cell
count, age, cytogenetic analyses, and the immunopheno-
type. In many ALL protocols, days 8 and 15 of induction
therapy are considered the first checkpoints to test the
in vivo sensitivity of leukemia in the individual patient;
thus, enabling risk-directed therapy [3].
Individual chromosomal abnormalities remain strong in-

dependent indicators of ALL outcomes, especially to show
the risk of relapse [4]. Among these abnormalities, those
with the most significant impact of risk stratification for
treatment are t (9; 22) (q34; q11)/BCR-ABL1, 11q23(Mixed
lineage leukemia) (MLL) gene rearrangements, and t (1; 19)
(q23; p13.3)/TCF3-PBX1 fusion [5, 6]. However, in coun-
tries with limited health resources and financial challenges,
there is a great difficulty to perform all required investiga-
tions. This study aimed to stratify high-risk precursor B-
childhood ALL patients according to standard prognostic
factors (age and total leucocytic count), fluorescence in situ
hybridization (FISH) analysis for these cytogenetic abnor-
malities [t (9; 22) BCR/ABL, t (1; 19) TCF3/PBX1, and
11q23 MLL gene rearrangement] and MRD status at day
15. Also, we worked towards showing the relation of these
prognostic factors (standard and cytogenetic risk groups) to
patients’ outcome at day15 of induction therapy moreover
assessing the impact of early MRD assessment during re-
mission induction compared to other prognostic factors to-
gether with the ability to tailor investigations as needed
especially in places with limited health resources without
compromising the outcome.

Methods
Patients
From February 2016 to February 2018, seventy-two
newly diagnosed Egyptian children with precursor B

ALL (pre-B-ALL) (6 months to 15.5 years old with a
mean of 5.37 + 4.09 years) were enrolled. The institu-
tional review board approved the protocol, and the pro-
cedures respected the ethical standards in the Helsinki
declaration of 1964. We obtained written informed con-
sents from patients’ guardians to use their samples in
this study.

Sampling
Peripheral blood (PB) and bone marrow (BM) aspiration
samples were collected under complete aseptic condi-
tions into ethylene diamine tetra-acetic acid, potassium
salt (K2-EDTA) vacutainer for complete blood count
(CBC) and immunophenotyping (IPT). For cytogenetic
analysis 1 ml of BM aspirate was collected into lithium
heparin vacutainer, besides 1 ml PB in patients with PB
blasts > 10%. We collected samples with special em-
phasis on pre-analytical precaution guidelines.

Diagnosis and MRD measurement
We based diagnosis on standard morphologic, cyto-
chemical, immunophenotypic, and genetic features of
the leukemic cells [7]. At diagnosis, all patients were
subjected to complete history taking; data about the clin-
ical examination were obtained from patients’ medical
records, laboratory investigations including complete
blood count using LH750 (Beckman Coulter, Electron-
ics, Hialeah, FL, USA), an examination of Leishman’s
stained peripheral blood films, bone marrow aspiration
and examination of Leishman’s stained bone marrow
smears, and cytochemical studies using myeloperoxidase
stain. Immunophenotyping of bone marrow or
peripheral blood samples using Navios Flow cytometer
(Beckman Coulter, Electronics, Hialeah, FL, USA). Fluor-
escence in situ hybridization (FISH) analysis was per-
formed according to Campbell [8], following practice
cytogenetic guidelines 2007 and 2010, Quality Assurance
Guidelines 2013 [9], and analyzed by at least two of the
trained team of specialists using Cyto Vision Leica
Microsystem using the following probes: Locus specific
identifier (LSI) dual-color single fusion (SF) and/or
double fusion (DF) BCR/ABL probe for t(9; 22) (q34;
q11) (Vysis), LSI DF TCF3/PBX1 probe for t(1; 19)
(q23; p13), and LSI Mixed Lineage Leukemia (MLL)
Dual Color, Break Apart Rearrangement Probe de-
signed to detect the 11q23 rearrangement associated
with various translocations involving region 2 band 3
of chromosome 11.
Day 15 MRD status was determined by the morpho-

logical examination of Leishman’s stained bone marrow
smears, FISH for t (1; 19) (q23; p13) and MLL rear-
rangements and polymerase chain reaction (PCR) ana-
lysis for t (9; 22) (q34; q11).

Farweez et al. Egyptian Journal of Medical Human Genetics           (2020) 21:28 Page 2 of 11



Cytogenetic analysis by FISH technique
The culture conditions were optimized; blocking agent
(N-Deacetyl-N-methylcolchicine) was added to the
culture medium before harvest. Slides were prepared
from material fixed in methanol-acetic acid. All probes
were set up (according to manufacturer guidelines/Vysis)
separately on different slides for each patient.
Hybridization and detection of hybridization signals
were performed according to the manufacturer’s proto-
cols. To maximize the likelihood of detecting a neoplas-
tic clone, 200 interphase cells were evaluated for each
case using the CytoVision Leica Microsystem to detect
the target abnormalities. Images of FISH were captured
through the program Mac Probe 4.4 of Power Gene Sys-
tem (Applied Imaging Corporation, USA). Thresholds
and the confidence limit were established for all FISH
probes and probe sets in the cytogenetic lab, where the
variation of aberrant signal patterns was documented for
a number of 10 normal and 20 abnormal samples for
each probe to give the false positive/negative ranges and
to check the intensity of the signals of the probes used.
The cutoff for LSI dual-color SF and DF BCR/ABL
probe for t (9; 22) (q34; q11) was > 10% and > 1.3% of
examined cells, respectively. The cutoff for MLL dual-
color break apart rearrangements probe was > 6% of ex-
amined cells and for LSI DF TCF3/PBX1 was > 1.3% of
examined cells. Interpretation of FISH probes was done
according to manufacturer documentation. The limita-
tions of the test were documented in the report.

Risk stratification
Risk stratification was based on clinical data and labora-
tory data [10]. Standard-risk ALL group involved pa-
tients with age 1–9.99 years and white blood cell count
(WBC) count < 50 × 109/L. The high-risk group in-
volved patients with age < 1 year or ≥ 10 years and/or
WBC ≥ 50 × 109/L [11].

The protocol of therapy (adopted from and under the
supervision of Pediatric Hematology department
clinicians)
Standard-risk ALL patients were treated according to
the Children’s Oncology Group (COG) 1991 protocol
[12] using a single delayed intensification (DI) arm. The
COG 1961 protocol [13] was adopted for the treatment
of high-risk ALL patients. The NCI high risk and rapid
early responder (RER) (< 5% BM blast at day 15) patients
received the standard regimen of COG-1961 (standard
arm of high-risk protocol, HRSA), while patients who
were slow early responders (SER) (> 5% BM blast at day
15) and patients with initial central nervous system
(CNS) disease received the augmented regimen of COG-
1961 (augmented arm of high-risk protocol, HR-AA).

All three groups used dexamethasone as the sole ster-
oid, single intrathecal therapy (IT), L-asparaginase
(Escherichia coli) doses of 6000 IU/m2 with no high-
dose methotrexate (MTX), and monthly pulses of vin-
cristine (VCR) and dexamethasone during maintenance
phases. Standard risk therapy consisted of 3 drugs induc-
tion without anthracyclines; consolidation involved 6-
mercaptopurine, VCR with IT monotherapy, and one
DI. High-risk standard arm therapy involved 4 drugs in-
duction with anthracylines added and one DI. Both
groups should have day 15 BM blasts < 5% (RER). The
high-risk augmented arm therapy involved 4 drugs in-
duction, with anthracylines added, cranial irradiation
during the consolidation phase, and escalating IV MTX
followed by E. coli asparaginase at 15,000 IU/m2 with
Capizzi regimen during the interim maintenance phase
and double delayed intensification (DDI).

Data management and analysis
Data were analyzed using the SPSS software (Statistical
Package for the Social Sciences, Version 20.0, SPSS Inc.
Chicago, IL, USA). Quantitative data were expressed as
mean ± standard deviation (SD) and minimum and max-
imum values (range). Qualitative data were expressed as
frequency and percentage.
Independent samples t test of significance was used

when comparing two means, and Fisher exact test was
used to compare proportions between two qualitative
variables.
• P value: level of significance, P > 0.05: non-

significant (NS), P ≤ 0.05: significant (S), and P ≤ 0.001:
highly significant (HS)

Results
The baseline characteristics of the studied patients’
group are shown in Table 1.
According to risk classification, we had 32 (44.4%) pa-

tients in the standard risk and 40 (55.6%) patients in the
high-risk group. On comparing both groups, they
showed a significant difference regarding BM blast per-
centage at day 15 (mean 2.0 vs.7.20, respectively) (P =
0.007) and the outcome at day 15 where the majority of
the high-risk group (60% of them) had a poor outcome
in terms of no achievement of remission either morpho-
logical (SER) or molecular, while 87% of standard risk
group had a good outcome (P = 0.005). However, there
was no significant difference as regards other studied pa-
rameters. It was noted that all patients identified with
the studied cytogenetic abnormalities at diagnosis were
in the high-risk group.
Patients identified with the studied cytogenetic abnor-

malities at diagnosis were 16/72 (22.2%) (Fig. 1); they
were as follows: 4 (5.6%) had t (9; 22) BCR/ABL, 8
(11.1%) had t (1; 19) TCF3/PBX1, and 4 (5.6%) had
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11q23 rearrangement (Table 2) (Figs. 2, 3, 4 and 5). On
comparing patients identified with the studied cytogen-
etic abnormalities to the group of patients without these
abnormalities, there were significant differences between
both groups regarding risk classification, TLC and PLTs
at diagnosis, BM blast cells percentage at day 15, and
outcome (Table 3).
According to day 15 MRD status [14], patients were

classified into good and bad outcome groups where good
outcome meant both morphologically remitted (BM
blasts < 5%) and molecularly remitted (MRD negative),
while bad outcome meant no achievement of remission
either morphologically (BM blasts > 5%) or molecularly
(MRD positive) (Fig. 6). Comparison between both
groups is shown in Table 4.

Characteristics of good outcome patients at day 15
Two of t (9; 22) BCR/ABL positive patients had a good
outcome. Their ages were 3.5 and 5.0 years, they had no
CNS infiltration, at diagnosis TLC was (51.4 × 109/L and
55.0 × 109/L), and PLTs was (70 × 109/L and 55 × 109/L)
compared to the other two patients who had a bad out-
come. Their ages were 11 and 10 years old, both had CNS
infiltration, at diagnosis their TLC was higher (120 ×
109/L and 118 × 109/L), and PLTs were lower (23 × 109/L
and 36 × 109/L).
Two of t (1; 19) TCF3/PBX1 positive patients had a

good outcome. They had the lowest TLC at diagnosis
(42.5 × 109/L and 52.0 × 109/L) compared to the other 6
patients, one was 9 months and the other was 5 years
old.

Table 1 Baseline characteristics of studied patients at diagnosis

Parameter Number n = (72) %

Sex

Male 42 58.3%

Female 30 41.7%

Clinical data

Hepatomegaly 40 55.6%

Splenomegaly 36 50%

Lymphadenopathy 56 77.8%

CNS infiltration 8 11.1%

Laboratory data Range Mean (± SD)

TLC (× 109/L) 2.9–150 47.59(34.91)

Hb (gm/dl) 3.4–11.7 7.69(1.78)

Platelets(× 109/L) 12–132 72.42(30.35)

Peripheral blood blasts (%) 6–80 32.17(23.83)

Blasts in B.M (%) 36–98 71.39(18.57)

Immunophenotyping (n) (%)
- CD19 (72/72) (100%)
- HLA-Dr (72/72) (100%)
- CD10 (68/72) (94.4%)
- CD34 (66/72) (91.6%)
- CD20 (10/72) (13.8%)
- Aberrant expression (20/72) (27.7%)
• Myeloid markers (8/72) (11.1%)
• T cell marker (12/72) (16.6%)

Cytogenetics (n = 16/72) (22.2%)
- t (9;22)(BCR/ABL) (4/72) (5.6%)
- t (1;19)(TCF3/PBX1) (8/72) (11.1%)
- 11q23 rearrangement (4/72) (5.6%)

TLC total leukocytic count, Hb hemoglobin, IPT immunophenotyping, PB
peripheral blood, BM bone marrow

Fig. 1 Percentage of each cytogenetic abnormality
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None of the patients’ group with 11q23 rearrangement
had a good outcome. One patient had morphological re-
mission but was not molecularly remitted (11q23 re-
arrangement still positive by FISH analysis), so he was
also considered to have a bad outcome. His age was 3
years and had TLC of 72.2 × 109/L.

Discussion
Acute lymphoblastic leukemia (ALL) is the most com-
mon cancer diagnosed in children constituting about
30% of cancers diagnosed in children younger than 15
years of age, with peak prevalence during 2–5 years of
life [15]. Risk stratification allows the physician to deter-
mine the most appropriate initial treatment regimen as
well as when to consider allogeneic stem cell transplant-
ation [16].
Age and white blood cell count at the time of diagno-

sis have been used to risk-stratify patients [10]. More-
over, TLC at time of diagnosis is one of the most
important determinates of MRD, remission induction,

Table 2 Clinical and laboratory characteristics of the studied cytogenetic groups

Parameter t (9;22) n = (4) t(1;19) n = (8) 11q23 rearrangement n = (4)

Age

<1 year- 0 4 2

1–9 years 2 4 2

> 10 years 2 0 0

Sex

Male 4 6 2

Female 0 2 2

Clinical data

Hepatomegaly 4 8 2

Splenomegaly 4 4 4

Lymphadenopathy 4 8 0

CNS infiltration 2 0 2

Laboratory data (at diagnosis) Mean (± SD) Mean (± SD) Mean (± SD)

TLC (× 109/L) 86.1 ± 48.9 87.4 ± 44.81 89.25 ± 17.04

Hb (gm/dl) 6.7 ± 1.1 7.93 ± 2.12 9.05 ± 1.63

Platelets(× 109/L) 46.5 ± 7.7 49.75 ± 34.07 55.50 ± 13.44

Peripheral blood blasts (%) 29.0 ± 4.2 28.0 ± 28.93 18.50 ± 3.54

Blasts in B.M (%) 68.5 ± 3.5 58.5 ± 18.27 63.5 ± 38.89

Laboratory data (at day 15 of induction) Mean (± SD) Mean (± SD) Mean (± SD)

TLC (× 109/L) 1.8 ± 1.4 1.25 ± 0.45 1.80 ± 1.41

Hb (gm/dl) 7.7 ± 0.4 7.8 ± 1.14 7.85 ± 0.49

Platelets(× 109/L) 110.5 ± 27.6 51.0 ± 29.46 69.5 ± 23.33

Blasts in B.M (%) 12.5 ± 13.4 10.25 ± 7.5 13.50 ± 7.78

MRD status at day 15

Good outcome 2 2 0

Bad outcome 2 6 4

TLC total leukocytic count, Hb hemoglobin, PB peripheral blood, BM bone marrow, SD standard deviation, n number

Fig. 2 An interphase FISH analysis applied at diagnosis using LSI
single fusion (SF) probe BCR/ABL positive for t(9;22) (q34;q11), I
yellow signal represents the typical fusion signal of translocation in
addition to one green signal (BCR) and one red signal (ABL)
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and duration [17]. Patients with higher counts TLC > 50
× 109/L have a high risk for treatment failure than the
lower counts [18]. Increasing age > 10 years and/or TLC
> 50 × 109/L portends a worsening prognosis, and
patients are categorized as high-risk group [19].
Although clinical factors play an important role in

guiding therapy, cytogenetic changes have a significant
role in risk determination. From the cytogenetic aberra-
tions with the greatest impact on prognosis and treat-
ment is the presence of the Philadelphia chromosome t
(9; 22), t (1; 19), and MLL rearrangements [20].

In our study, the group of patients identified with the
studied cytogenetic abnormalities at diagnosis had
higher mean TLC than patients without these abnormal-
ities (most of them had TLC > 50 × 109/L), and so they
were categorized in the high-risk group. These results
were in agreement with Al-Kzayer et al. [21] in their
group of patients with t (9; 22) and 11q23 rearrange-
ment. Also, Jeha et al. stated that patients with t (1; 19)
were associated with higher TLC [22]. In contrast, Kager
et al. reported a lower mean (TLC ˂ 50 × 109/L) among
patients with t (1; 19) [5], and Schultz et al. reported that
their patients with 11q23 rearrangement did not
meet the criteria of high-risk group with the mean of
TLC < 50 × 109/L [14].
Besides disease characteristics at diagnosis, it has long

been recognized that response to initial therapy predicts
outcome. Historically, treatment response was evaluated
morphologically. Recently, it has become standard prac-
tice to evaluate patients for minimal residual disease
(MRD) using molecular techniques such as flow cytome-
try, FISH, and PCR [23]. The ultimate goal of MRD as-
says is to guide therapeutic decisions by distinguishing
patients in whom therapy must be continued or intensi-
fied to minimize the likelihood of clinical relapse [24].
In our cohort, MRD study of patients at day 15 of in-

duction therapy showed that 61% had a good outcome
(MRD negative) with the majority of them being in the
age group 1–9 years, while the majority of a bad out-
come (MRD positive) were in the age group > 10 years.
This was in agreement with Harvey et al. [25] who re-
ported that most of his patients’ group of > 10 years had
a bad outcome with positive MRD at the end of induc-
tion. Cooper and Brown explained that the higher rate

Fig. 3 An interphase FISH analysis applied for follow-up using LSI
double fusion (DF) probe BCR/ABL positive for t(9;22) (q34;q11), 2
yellow signal represents the typical fusion signal of translocation in
addition to one green signal (BCR) and one red signal (ABL)

Fig. 4 An interphase FISH analysis applied at diagnosis using LSI DF
TCF3/PBX1 Dual Color Probe positive for t(1;19) (q23;p13), 2 yellow
signals (juxtaposed red and green) represent the typical fusion signal
of translocation in addition to one green signal and one red signal

Fig. 5 An interphase FISH analysis applied at diagnosis using LSI
break apart MLL probe positive for 11q23 rearrangements, 1 yellow
signal (juxtaposed red and green) represents the normal copy of
MLL gene in addition to one green signal and one red signal
represent the rearranged copy of MLL (11q23 rearrangement)
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of treatment-related morbidity and mortality are particu-
larly secondary to infection, osteonecrosis, and throm-
bosis in this age group [26].
A significant association between the presence of the

studied cytogenetic aberrations and MRD results at day
15 was found where 75% of patients with the studied
cytogenetic abnormalities had positive MRD results at
day 15 of induction therapy. Juárez-Velázquez et al. ex-
plained the bad outcome associated with the studied
cytogenetic abnormalities in childhood B-ALL that these
cytogenetic abnormalities influence the aggressive

behavior of leukemic cells and resist the response to
treatment by altering signaling pathways and gene ex-
pression patterns in the leukemic blasts; these genes lead
to incomplete remission and MRD positivity [27].
Two of our patients with BCR/ABL did not achieve re-

mission despite receiving tyrosine kinase inhibitors
(TKI) (Imatinib) in induction. Schultz et al. reported that
mostly these patients had resistance to TKI due to muta-
tions in the nucleotide sequence of the ABL kinase do-
main encoding the ATP-binding [14]. Additional
mechanisms leading to TKI resistance include gene

Table 3 Comparative analysis between patients’ groups with and without studied cytogenetic abnormalities regarding different
parameters

Parameters Cytogenetic abnormalities Fisher exact
test

Patients without the studied cytogenetic
abnormalities (56)

Patients with the studied cytogenetic
abnormalities (16)

P value Sig.

N % N %

Age (years) < 1 4 7.1% 4 25.0% 0.335 NS

1–9 38 67.9% 8 50.0%

> 10 14 25.0% 4 25.0%

Sex Male 30 53.6% 12 75.0% 0.424 NS

Female 26 46.4% 4 25.0%

Hepatomegaly Absent 30 53.6% 2 12.5% 0.053 NS

Present 26 46.4% 14 87.5%

Splenomegaly Absent 32 57.1% 4 25.0% 0.228 NS

Present 24 42.9% 12 75.0%

Lymphadenopathy Absent 12 21.4% 4 25.0% 1.000 NS

Present 44 78.6% 12 75.0%

CNS infiltration Absent 52 92.9% 12 75.0% 0.207 NS

Present 4 7.1% 4 25.0%

Aberrant expression in (IPT) Negative 40 71.4% 12 75.0% 1 NS

Positive 16 28.5.% 4 25.0%

Risk classification Standard risk 32 57.2% 0 0% 0.009 S

High risk 24 42.8% 16 100%

Outcome Good 40 71.4% 4 25.0% < 0.001 S

Bad 16 28.5% 12 75.0%

Laboratory parameters

Parameters t test

Mean SD Mean SD P value Sig

Hb (gm/dL) 7.63 1.91 7.90 1.81 0.722 NS

TLC (× 109/L) 36.18 25.48 87.54 35.29 < 0.001 S

Platelets (× 109/L) 78.71 29.46 50.38 23.32 0.017 S

PB blasts (%) 34.68 24.62 23.38 19.68 0.198 NS

BM blasts (%) 74.00 17.80 62.25 19.51 0.116 NS

BM blasts at day 15(%) 2.96 4.09 11.63 7.80 0.016 S

No./n number, NS non-significant, Sig significance. P ≥ 0.05 = NS; P < 0.05 = S; P ˂ 0.01 = HS; SD standard deviation, TLC total leukocytic count, Hb hemoglobin, IPT
immunophenotyping, PB peripheral blood, BM bone marrow
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amplification of BCR-ABL and overexpression of the
protein which plays a role in leukemic transformation by
BCR-ABL in positive BCR/ABL ALL [28].
Moreover, six patients out of our eight patients with t

(1; 19) had a bad outcome (positive MRD) at day 15.
This was in alignment with Harvey et al. who reported
that 80% of their patients with t (1; 19) had a bad out-
come [25]. Shiozawa et al. explained that this bad out-
come is due to treatment resistance which may be due
to the presence of Mer-Tyrosine Kinase (Mer-TK), a re-
ceptor of tyrosine kinase which is overexpressed in t (1;
19) and has a role in oncogenesis. This receptor is acti-
vated by GAS6 (growth arrest-specific 6) produced in
bone marrow by mesenchymal cells causing the blast
cells to be resistant to chemotherapy. So GAS6-MerTK
interaction might be an important target for directed
therapy in t (1; 19) [29]. However, Moorman et al. re-
ported 88% of his patients with t (1; 19) had a good out-
come with negative MRD due to high intensive therapy
which improved their outcome [4]. Likewise, Pui et al.
[30] found that patients with t (1; 19)/(TCF3-PBX1) ALL
had an intermediate outcome in terms of event-free sur-
vival (89.3%) because of their increased risk of isolated
CNS relapse, which intensified triple intrathecal therapy
resulted in overall survival of 100% among these patients.
Patients with 11q23 rearrangement in our study had a

bad outcome (positive MRD), three of them did not
achieve morphological or molecular remission, and one
patient was morphologically remitted but not molecu-
larly remitted by FISH; this highlights the importance of
molecular study for follow-up of patients. This result
matched with Harvey et al. who reported that their pa-
tients with 11q23 rearrangement had a bad outcome

[25]. Woo et al. [31] explained that the poor response of
11q23 rearrangement (MLL) gene during the induction
therapy may be due to overexpression of Fms-like tyro-
sine kinase 3(FLT3) oncogene and Homeobox (HOX)
genes in association with 11q23 rearrangement; these
genes cause chemotherapeutic resistance. Besides, these
patients have a high risk of treatment-related mortality,
and thus induction should include 1-week prophase of
single-agent steroid to “debulk” the initial leukemic bur-
den before initiation of multi-agent chemotherapy [32].
This was also proven by Tamai and Inokuchi who re-
ported that 80% of their patients achieved remission
with new molecular therapeutic drugs of anti FLT3
which improved the outcome of patients with 11q23
rearrangement [33].
Thus, patients with positive MRD at day 15 of induc-

tion require intensification therapy and addition of spe-
cific drugs according to their cytogenetic abnormality
present and are later offered a bone marrow transplant.
While patients with negative MRD at day 15 of induc-
tion may be candidates for less intensive treatment regi-
mens, thus avoiding unnecessary toxic effects [30].
Several published data on MRD assessment in pediatric
ALL have shown a strong correlation between MRD re-
sponse and outcome as well as the prognostic value of
MRD reappearance for hematologic relapse. MRD has
also been considered as a quantitative and objective
extension of established endpoints of hematologic
remission and relapse more than a substitute for pre-
therapeutic risk factors [34].
It was noticeable that all patients with the studied

cytogenetic abnormalities were in the high-risk group of
COG risk stratification approach, which intensifies

Fig. 6 The outcome at day 15 in each cytogenetic abnormality group
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treatment in patients with a high risk of relapse and re-
duces toxicity on those with a greater probability of cure
(standard risk). Thus, based on the findings of this study
and those reported in the literature [35, 36], we would
recommend that patients with favorable presenting fea-
tures (standard risk group) and undetectable MRD after
2 weeks remission induction therapy (morphologically
and by flow cytometry) would not be in need to ad-
vanced molecular studies, while these approaches should
be considered for patients with high risk presenting fea-
tures and high levels of MRD after 2 weeks remission in-
duction therapy. Therefore, this could provide a cost-
effective guideline in countries suffering from financial
challenges without affecting the outcome. The high-risk
patient from the start is molecularly evaluated and mon-
itored, while the standard-risk patient is monitored, and
early at day 15 of induction if the response is not what

was anticipated, molecular studies should be done to
investigate the unfavorable outcome and if in need for
individualized therapy. Therefore, risk stratification
continues to be the mainstay for initial therapy and
investigation guidance for ALL patients.

Conclusion
We are aware of the limitations of our study being a single-
center study, the small number of participants, and no
longer follow-up period, which may be inadequate to
determine and explain potentially unique influences on
treatment outcomes tailored to genetic and environmental
influences in a region. Despite these limitations, our study
tries to apply an appropriate application of resources and to
be useful in the design of future, increasingly personalized
investigation protocols and still highlight the importance of
early MRD assessment.

Table 4 MRD study of all patients on day 15 regarding studied parameters

Parameters MRD result (Outcome at day 15) Fisher exact test

Good outcome, negative MRD
(n = 44) 61.1%

Bad outcome, positive MRD
(n = 28) 38.8%

P value Sig.

N % N %

Studied cytogenetics at diagnosis Positive 4 8.1% 12 42.8% < 0.001 S

Negative 40 90.9% 16 57.2%

Risk classification High risk 16 36.4% 24 85.7% < 0.001 S

Standard risk 28 63.6% 4 14.3%

Age < 1 2 4.5% 6 21.4% 0.036 S

1–9 40 91.0% 6 21.4%

> 10 2 4.5% 16 57.2%

Sex Male 16 36.4% 18 64.2% 0.104 NS

Female 28 63.6% 10 35.8%

Hepatomegaly Absent 20 45.4% 12 42.8% 0.257 NS

Present 24 54.5% 16 57.2%

Splenomegaly Absent 22 50.0% 14 50.0% 0.228 NS

Present 22 50.0% 14 50.0%

Lymphadenopathy Absent 4 8.1% 12 42.8% 1.000 NS

Present 40 90.9% 16 57.2%

CNS infiltration Absent 42 95.5% 22 78.6% 0.207 NS

Present 2 4.5% 6 21.4%

Laboratory parameters

Parameters t test

Mean SD Mean SD P value Sig

Hb (gm/dL) 8.32 1.44 7.55 0.91 0.178 NS

TLC (× 109/L) 1.79 0.76 1.13 0.51 0.027 S

Platelets (× 109/L) 102.32 56.74 61.75 23.12 0.014 S

BM blasts (%) 1.93 0.86 15.25 5.6 < 0.001 S

N number, NS non-significant, S significance. P ≥ 0.05 = NS; P < 0.05 = S; P ˂ 0.01 = HS; SD standard deviation, TLC total leukocytic count, Hb hemoglobin, BM
bone marrow
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