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Background
Acute lymphoblastic leukemia (ALL) is the most common 
malignancy of childhood, occurring in ~77% of childhood leu-
kemias and ~25% of all childhood cancers.1 Childhood ALL 
is characterized by recurrent clonal chromosomal abnormali-
ties in ~80% of ALL. These recurrent clonal chromosomal 
abnormalities include both numerical and structural changes.2 
The identification of these chromosomal aberrations is clini-
cally important because they are considered significant risk-
stratifying markers, predictors of clinical prognosis, and 
essential for therapeutic planning, implementation of targeted 
therapy, and sensitive monitoring of treatment response.3 

Recent studies have helped to understand the genetic basis of 
clonal evolution and relapse and the role of genetic variants in 
leukemogenesis.3

Fluorescence in situ hybridization (FISH) studies comple-
ment the diagnostic karyotype by providing a higher resolution 
of analysis with clarification of rearrangements observed by 
G-banding and identification of cryptic abnormalities not 
observed by karyotyping.4,5 Although many chromosomal 
abnormalities have been described in ALL, approximately 30% 
of pediatric patients with ALL do not have cytogenetic abnor-
malities of clinical significance.6
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ABSTRACT

BACkGRound: Childhood acute lymphoblastic leukemia (ALL) is characterized by recurrent genetic aberrations. The identification of 
those abnormalities is clinically important because they are considered significant risk-stratifying markers.

AiMS: There are insufficient data of cytogenetic profiles in Saudi Arabian patients with childhood ALL leukemia. We have examined a cohort 
of 110 cases of ALL to determine the cytogenetic profiles and prevalence of FLT3 mutations and analysis of the more frequently observed 
abnormalities and its correlations to other biologic factors and patient outcomes and to compare our results with previously published 
results.

MATeRiALS And MeThodS: Patients—We reviewed all cases from 2007 to 2016 with an established diagnosis of childhood ALL. Of the 
110 patients, 98 were B-lineage ALL and 12 T-cell ALL. All the patients were treated by UKALL 2003 protocol and risk stratified according 
previously published criteria. Cytogenetic analysis—Chromosome banding analysis and fluorescence in situ hybridization were used to 
detect genetic aberrations. Analysis of FLT3 mutations—Bone marrow or blood samples were screened for FLT3 mutations (internal tandem 
duplications, and point mutations, D835) using polymerase chain reaction methods.

ReSuLT: Cytogenetic analysis showed chromosomal anomalies in 68 out of 102 cases with an overall incidence 66.7%. The most frequent 
chromosomal anomalies in ALL were hyperdiploidy, t(9;22), t(12;21), and MLL gene rearrangements. Our data are in accordance with those 
published previously and showed that FLT3 mutations are not common in patients with ALL (4.7%) and have no prognostic relevance in pedi-
atric patients with ALL. On the contrary, t(9;22), MLL gene rearrangements and hypodiploidy were signs of a bad prognosis in childhood 
ALL with high rate of relapse and shorter overall survival compared with the standard-risk group (P = .031).The event-free survival was also 
found to be worse (P = .040).

ConCLuSionS: Our data are in accordance with those published previously, confirming the overall frequency of cytogenetic abnormalities 
and their prognostic relevance.
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UKALL is a chemotherapy protocol for children diagnosed 
with ALL above 1 year of age. The chemotherapy starts with 
induction, central nervous system (CNS)–directed consolida-
tion, intermaintenance, delayed intensification, and mainte-
nance.7 Initially, eligible patients will be stratified into 3 risk 
groups: standard risk, intermediate risk, and high risk, based on 
published criteria in the UKALL 2003 protocol.8 Currently, 
there are significant improvements in outcome for pediatric 
ALL; however, therapy fails in ~25% of patients. These failures 
often occur unpredictably in patients with a favorable progno-
sis and good cytogenetics at diagnosis.6,9

Thus far, insufficient data exist regarding the cytogenetic 
profile and FLT3 mutational analysis in childhood patients 
with ALL from Saudi Arabia.

In this retrospective study, we have examined a cohort of 
110 patients with ALL to determine cytogenetic profile and 
FLT3 mutational analysis as well as the analysis of the more 
frequently observed abnormalities associated with ALL with 
biological and clinical correlations to assess patient outcome.

Material and Methods
Patients

We reviewed all cases from 2007 to 2016 with a confirmed 
diagnosis of childhood ALL. The diagnosis in all cases was 
established based on morphology, flow cytometric analysis, 
immunohistochemistry, and genetic studies. This study included 
patients between 1 and 14 years of age as this is considered as 
the pediatric age group in Saudi Arabia. Patients were excluded 
if they were under 1 year of age or had insufficient data or 
because cytogenetic studies were not performed in some cases. 
The medical records were reviewed for epidemiologic, demo-
graphic, and laboratory data including immunophenotype, 
cytogenetic, and molecular analysis in addition to patient out-
come variables such as remission status or relapsed disease, 
chemotherapeutic responses, follow-up, and morbidity.

The patients with ALL were treated according to UKALL 
2003 protocol. Patients were classified into 3 risk groups based 
on prognostic factors such as age, sex, white blood cell count at 
diagnosis, immunophenotype, and cytogenetic findings accord-
ing to published criteria.8

At the end of induction, the bone marrow (BM) aspirate 
was assessed for remission status. Patients were considered to 
be in remission if there were <5% blasts in the BM with evi-
dence of trilineage recovery in addition to resolution of all sites 
of extramedullary disease. The Departmental Research Ethics 
Committee has approved this study.

Cytogenetic analysis

Standard cytogenetic preparations were made from BM and/or 
peripheral blood (PB). Briefly, BM aspirate and PB were mixed 
with specific complete medium for BM supplied in ready-to-
use test tubes (Chromosome Kit M; Euroclone, Pero, Italy) 

with a final concentration of 2 × 106 to 4 × 106 nucleated cells 
per milliliter. The culture was incubated overnight at 37°C. 
Standard harvesting procedures were used: colcemid (0.1-mL 
Kmax Colcemid Solution, Gibco, Grand Island, NY, USA) was 
added to the culture for 20 minutes, followed by a 0.075-mol/L 
concentration of potassium chloride for 30 minutes at 37°C. 
The fixation procedure consisted of 3 changes of methanol/
glacial acetic acid (3:1). After slide preparation, slides were 
placed in a 60°C oven overnight, followed by GTG banding. 
At least 20 metaphases were analyzed using Giemsa-trypsin 
staining. Karyotypes were interpreted and reported according 
to the International System for Cytogenetic Nomenclature.10 
Fluorescence in situ hybridization was performed according to 
the manufacturer’s instructions. At least 100 interphase nuclei 
were analyzed for each case, and if needed, the metaphases 
were also analyzed. The probes used to detect ALL-specific 
abnormalities in our institute are BCR-ABL translocation 
t(9;22), RUNX1-ETV6 translocationt(12;21), MLL gene 
rearrangements (11q23) and MYC (8q24), TCF3/PBX1 
t(1;19), and p16 deletions.

Analysis of FLT3 mutations

Analysis of FLT3-ITD mutation. DNA was extracted using 
QIAamp DNA Kit (Qiagen, Hilden, Germany) according to 
the manufacturer’s instruction. Polymerase chain reaction 
(PCR) reaction was composed of 200 ng of DNA, 50-mM 
KCL, 10-mMTris-HCL, pH: 8.3, 1.5-mM MgCL2, 0.001% 
(wt/vol) gelatin, 200-μM deoxynucleotide triphosphates, 0.4-
μM of each published primer,11 and 1 U of gold Taq polymer-
ase, in a volume of 50 μL. The PCR consisted of an initial 
incubation step at 95°C for 10 minutes followed by 35 cycles 
at 94°C for 30 seconds, 57°C for 60 seconds, and 72°C for 
90 seconds and final extension step at 72°C for 10 minutes.

Analysis of the FLT3-D835 mutation. Polymerase chain reac-
tion was set up as above using published primers.12 Polymerase 
chain reaction product was digested with EcoRV (Promega, 
Madison, USA) at 37°C for 2 hours. The digestion products 
were separated on a 3% agarose gel. Incomplete digestion indi-
cated the presence of a mutant gene.

Statistical Analysis
The Kaplan-Meier technique was used to analyze the proba-
bility of overall survival (OS) and event-free survival (EFS). 
Overall survival was calculated from time of diagnosis to death, 
and EFS was calculated from time of diagnosis to death. 
Relapse was indicated by the presence of disease at any site or 
evidence of persistent leukemia (morphologically persistent 
BM disease as greater than or equal to 5% lymphoblasts or 
molecular evidence of minimal residual disease at the end of 
induction). Continuous variables, such as white blood cell 
count and hemoglobin, were compared using t test. Differences 
between mean values were considered as significant at P < .05. 
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Complete remission was defined as restoration of normal 
hematopoiesis with less than 5% blast cells in the BM and PB 
neutrophil count equal to or greater than 1.5 × 109/L with a 
platelet count of more than 100 × 109/L.

Results
The patient characteristics included in the study are summa-
rized in Table 1. Of the 110 patients, 98 were B-lineage ALL 
(89%), and 12 were T-cell ALL (11%). The range of age was 1 
to 14 years with median of 5.9 years. In total, 66 of the patients 
were men (60%) and 44 were women (40%). Five patients 
(4.5%) had CNS disease documented at diagnosis. Most of the 
patients (80%) were within good-risk age category (<10 years). 
In all, 2 patients (2/66) had testicular relapse only without BM 
relapse, and 5 patients (4.5%) had isolated CNS relapse, 
whereas 3 patients (2.7%) had both CNS and BM relapses.

The cytogenetic abnormalities detected in our study are 
summarized in Table 2.

Fluorescence in situ hybridization was available in 100 of 
110 cases (90.9%), whereas karyotype was available in only 53 
of all cases (48.2%) because of various reasons such as a low 
number of analyzed metaphases, failed cytogenetic studies, 
lack of vital cells in the sample (necrotic cells), clotting of the 
sample, or the use of an unsuitable anticoagulant. Two cases 
had karyotype results only without FISH results. A high-
hyperdiploid karyotype was defined as the presence of 51 to 67 
chromosomes.

Cytogenetic analysis showed chromosomal anomalies 
including numerical and/or structural changes in 68 out of 102 
cases available with overall incidence 66.7%.

The most frequent chromosomal anomalies in patients 
tested were hyperdiploidy, t(9;22), and t(12;21). Cytogenetic 
studies detected hyperdiploidy, BCR-ABL1 translocation, 
RUNX1-ETV6 translocation, and MLL gene rearrangements 
in 16%, 10%, 10%, and 5% of the patients tested, respectively. 
Gain of chromosome 21 frequently occurred (8%). Additional 
common chromosomal abnormalities which were observed 
included the following: chromosome 9 (4%), del 12p (4%), and 
X chromosome (3%).

Gene rearrangements were identified by FISH in 13 (39.4%) 
patients with normal karyotype. Rare chromosomal abnormal-
ities detected included a patient with B-ALL and eosinophilia 
which was found positive for t(5;14). Another case of T-ALL 
was positive for t(9;22) confirmed by both FISH and PCR. 
Infrequent aberrations such as MLL deletion, ABL deletion, 
and TEL/AML1 fusion with AML1 deletion were also 
observed.

Conventional cytogenetic study was available in a limited 
number of cases (53 cases), and thus, the correlation with FISH 
analysis and other factors was not possible. Due to the presence 
of multiple cytogenetic abnormalities resident in a particular 
patient, the patient was enumerated multiple times. We were 
also unable to analyze the relationship between the outcomes 

of each genetic subgroup due to the limited number of patients 
in each genetic subgroup. The estimated OS at 5 years was 
83.4%, and disease-free survival (DFS) was 80.1% with EFS of 
71.5% (Figure 1). There was a significantly worse OS for the 
high-risk (HR) patients (70.3%) compared with 90.4% for 
standard-risk (SR) patients at 5 years (P < .001) (Figure 2A and 
B). The OS for patients with B-ALL was significantly higher 
than for T-ALL (86.0% vs 67.6%; P = .017) (Figure 3).

Discussion
Acute lymphoblastic leukemia is the most common childhood 
cancer, and despite cure rates exceeding 90% in children, it 
remains an important cause of mortality in children. Recent 
studies have helped to understand the genetic basis of clonal 
evolution and relapse in both T-ALL and B-ALL. Accurate, 
comprehensive identification of the full range of genetic alter-
ations in ALL is important for diagnosis, risk stratification, 

Table 1. Patient characteristics and outcome and FLT3 mutations.

PARAMETER ALL (N = 110)

Male:female 66:44

Median age, y 5.9

Median WBC count (×109/L) 9800

Median BM blasts, % 70

Risk groups

 High 28

 Intermediate 35

 Standard 57

Remission status

 CR1 81

 CR2 8

 CR3 5

 Refractory 6

Outcome

 Alive 90

 Died 16

 Lost follow-up 4

 5-y overall survival rate, % 83.4

FLT3 mutation rate (n = 64)

 Flt3-ITD 1/64 (1.6 %)

 Flt3-D835 2/64 (3.1 %)

 Total 3/64 (4.7 %)

Abbreviations: ALL, acute lymphoblastic leukemia; BM, bone marrow; ITD, 
internal tandem duplication; WBC, white blood cell.
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implementation of targeted therapy, sensitive monitoring of 
treatment response, and monitoring of minimal residual dis-
ease in childhood ALL.2 Many chromosomal rearrangements 
have been described, and their associations with clinical, bio-
logic, and prognostic features are well-documented. It is 
known that t(9;22), 11q23 abnormalities, and hypodiploidy 
confer a poor prognosis, and t(12;21) and hyperdiploidy are 
associated with a favorable outcome.13

In this study, we established the approximate incidences of 
gene rearrangements in childhood ALL in the Saudi Arabian 

population. The t(9;22) (q34;q11) (BCR/ABL1) also known 
as the Philadelphia chromosome (PH positive) was observed in 
10% of patients in our cohort. This incidence is considered 
high when compared with those reported by others (reference 
of the others) who observed t(9;22) in about 2% to 5% of chil-
dren with ALL.3,14–16 This result also differs from a local 
study17 which reported 4.2% BCR-ABL1 positivity among 
429 childhood ALL. The difference may be attributed to geo-
graphic, ethnic, and socioeconomic differences within the 
region which have been shown to impact on genetic and phe-
notypic subtypes of ALL. The limited patient numbers in our 
study may also be contributing to the differences in data. An 
interesting finding was the detection of t(9;22) in a case of de 
novo T-ALL without history of previous chronic myeloid leu-
kemia. This rare observation was confirmed by PCR to be 
consistent with the BCR/ABL p190 kD mutation which is 

Table 2. Cytogenetic abnormalities detected in the study.

KARYOTYPE 33 NORMAL AND 20 ABNORMAL

Available for FISH n = 100

t(9;22) 10 (10%)

t(12;21) 10 (10%)

MLL (5%)

MYC 3 (3%)

t(1;19) 2 (2%)

+21 8 (8 %)

del 12p 4 (4%)

+9 4 (4%)

+8 2 (2%)

+19 2 (2%)

+11 2 (2%)

del(6) del(6)(q21q26) 2 (2%)

+X 3 (3%)

Hyperdiploid 16 (16%)

Other abnormalities 19 (19%)

Abbreviation: FISH, fluorescence in situ hybridization.

Figure 1. Survival estimates for patients with acute lymphoblastic 

leukemia (ALL): overall survival (OS), disease-free survival (DFS), and 

event-free survival (EFS); OS at 5 years was 83.4%, and DFS was 80.1% 

with EFS of 71.5%.

Figure 2. Comparisons of the overall survival between the high-risk (HR) 

and standard-risk (SR) patients with B-ALL (70.3% for HR vs 90.4% for 

SR, P < .001). ALL indicates acute lymphoblastic leukemia.

Figure 3. Comparisons of the overall survival (OS) between B-ALL and 

T-ALL: the OS for patients with B-ALL was significantly higher than for 

T-ALL (86.0% vs 67.6%; P = .017). ALL indicates acute lymphoblastic 

leukemia.
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common in ALL. To our knowledge, this observation has not 
been widely reported in the literature.18 The presence of the Ph 
chromosome has been linked to an inferior outcome in pediat-
ric ALL and an increased risk of relapse.19 Allogeneic BM 
transplantation is considered a curative therapy for this group 
of patients.20

The t(12;21) (p13;q22) [ETV6-RUNX1] which is detect-
able only by FISH was observed in 10% in our cohort study 
and is low compared with those reported by international and 
local studies who detected this abnormality in ~25% and ~21% 
of children with B-lineage leukemia, respectively.2,17,21 A 
regional study which included 300 children with ALL, how-
ever, reported an incidence of 12% of this tranlocation22 reflect-
ing the findings in our study. The difference in the results 
detected between our study and national and regional studies is 
most likely due to the limited quantity of patients in our cohort 
(110 cases compared with 214 and 300 cases in other studies, 
respectively).

Children with high-hyperdiploid ALL respond well to 
standard chemotherapy regimens and show a superior outcome 
when compared with their nonhyperdiploid patients.7,23 A 
hyperdiploid karyotype is detected in 16% of our patients, 
which is low compared with those reported by international 
and local studies who reported about 30% to 40% and 24% of 
children with B-ALL, respectively.2,17,21 The gain of chromo-
some 21 detected in 8% of our patients as well as detection of 
chromosomes 9 (4%) and X chromosome (3%) is similar to 
that reported in other studies.24,25

The presence of MLL gene rearrangements signifies a bad 
prognosis in childhood ALL. Translocations of MLL are the 
most common rearrangements detected, whereas deletions are 
rarely seen.26 The frequency of 11q23/MLL gene rearrange-
ment in this study was 5%, and this finding is similar to previ-
ously published studies.26,27 However, it is increased compared 
with some international and national studies.17,28 Of note, all 
cases of MLL gene rearrangement were detected by FISH and 
not by conventional G-banding analysis.

The chromosomal translocation t(1;19)(q23;p13) (TCF3/
PBX1) and its variant form der(19) t(1;19) found in 3-5% of 
ALL results in the expression of the E2A-PBX1 fusion tran-
script.29 In our study, the frequency of this cytogenetic abnor-
mality was 2% among tested patients which is similar to results 
published in Western and local studies.17,28,29

Hypodiploidy has unfavorable prognostic implications in 
patients with B-ALL, and therefore, identification of hypodip-
loidy is important.28 In our study, we detect 2 cases with hypo-
diploidy, both were women with B-ALL, one case was a 
4-year-old with a hypodiploid karyotype (44,XX,−4,−8) where 
the other case was a 10-year-old with normal karyotype 
(46,XX) and detected only by FISH.

Although the overall frequency of prognostically relevant, 
common genetic lesions (RUNX1-ETV6, E2A-PBX1, BCR-
ABL1, MLL rearrangements, and hyperdiploidy) in our study 

is different from international, regional, and national studies, it 
has been found to be similar to those reported from most 
Western, regional, and local studies17,22,30,31 regarding its impact 
on patient outcome. This is evident by a significantly worse 
survival outcome for the HR patients (71.3%) compared with 
(92.4%) for SR patients at 5 years (P < .001).

The survival outcomes of our patients were comparable 
with those reported by local, regional, and Western stud-
ies.17,22,30–33 At the national level, 2 large studies from Saudi 
Arabia were published: one study reported 5-year OS, EFS, 
and DFS rates of 86.9%, 73.1%, and 79.1%, respectively17 and 
other study reported 5-year OS, EFS, and DFS at 84.7%, 
77.0%, and 81.4%, respectively.30 Both these results compared 
well with our own estimates. Similarly, at the regional level, 2 
studies have reported survival outcomes similar to those 
observed in our study. The first one reported 5-year OS and 
EFS rates of 85% and 73%,32 whereas the other study reported 
rates of 89% and 80%, respectively.22 Our results are compara-
ble with most of the published studies with the OS rate remain-
ing inferior to those reported by the leading leukemia 
cooperative groups reporting survival rates exceeding 90%.31,33

FLT3 gene mutations, particularly internal tandem duplica-
tion (ITD) in AML, are well established as the most frequent 
somatic alterations in AML. A poor prognosis is associated 
with FTL3 gene mutations in AML and they are found in 
approximately 5% to 15% of children and 25% to 35% of adults 
with AML.34,35 As expected, both FLT3 mutations (ITDs and 
point mutations, D835) not common among patients with 
ALL in Saudi Arabia occurring with a low overall incidence at 
4.7% (3/64, 4.7%). In addition, this abnormality has no prog-
nostic relevance and does not affect clinical outcome in these 
patients with ALL. These findings concur with previously 
published international and local reports.36–38 This preliminary 
study, although limited sample size of our cohort, suggested 
that the incidence of FLT3 gene mutations most probably is 
low in Saudi pediatric patients with ALL. A further study with 
larger number of patient samples is necessary to confirm the 
findings and assessment of the prognostic value of FLT3 muta-
tions among pediatric patients with ALL.

Conclusions
We established the incidences of gene rearrangements in 
patients with childhood ALL from Saudi Arabia. Cytogenetic 
abnormalities occur commonly. The combination of conven-
tional cytogenetic and FISH methods improves the detection 
rate of genetic abnormalities in childhood ALL. Our data are 
in accordance with those published and confirm that the over-
all frequency of cytogenetic abnormalities and their prognostic 
relevance were comparable with those reported in the litera-
ture. FLT3 mutations not common among Saudi ALL the data 
derived from this study have shown that the clinical character-
istics and treatment outcome of our patients are similar to 
results published in Western, regional, and national studies.
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