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Translocation t(1;19) in acute precursor B-cell lymphoblastic Leukaemia
in paediatric patients- Pakistani population
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Abstract
Objective: To determine the impact of translocation t(1;19) in paediatric patients diagnosed with precursor B-cell
acute lymphoblastic leukaemia.
Methods: The retrospective study was conducted at the Shaukat Khanum Memorial Cancer Hospital and Research
Centre, Lahore, Pakistan, and comprised data from January 2012 to January 2018 of paediatric patients diagnosed
with precursor B-cell acute lymphoblastic leukaemia. Data of patients having t(1;19) translocation with or without
complex karyotype formed group A, while data of patients without any cytogenetic abnormality formed the control
group B. Relapse and event-free survival were calculated and the outcomes were compared between the groups. Data
was analysed using SPSS 20.
Results: Of the 450 subjects whose data was analysed, 84(18.7%) were included; 25(30%) in group A and 59(70%)
were in group B. There were 21(84%) males and 4(16%) females in group A with mean age on presentation 3.68±0.6
years compared to 41(69.4%) males and 18(30.5%) females with mean age on presentation 4.0±0.92 (p>0.05). There
were no diﬀerences between the groups in terms of baseline markers (p>0.05). The relapse and event-free survival
rates were also not significantly diﬀerent between the groups (p>0.05).
Conclusion: There was no significant diﬀerence related to outcomes of precursor B-cell acute lymphoblastic leukaemia
patients having t(1;19) translocation with or without complex karyotype and those without any cytogenetic
abnormality, indicating that translocation t(1;19)-positive patients do not need treatment intensification.
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Introduction
Acute lymphoblastic leukaemia (ALL) is one of the most
common childhood cancers, and over the years, ALL
outcomes have improved manifold due to the introduction
of intensive chemotherapy regimen.1 This success has only
been possible due to the better understanding of the
nature of paediatric ALL and modification of therapy as per
the cytogenetics. Numerous chromosomal aberrations,
cytogenetic abnormalities have been identified in
precursor B and T cell lymphoblastic leukaemia, that have
special correlation with the clinical presentation and
treatment outcomes , hence chromosomal analysis are
routinely performed as cytogenetic abnormalities play an
important role in risk stratification and treatment of
choice.2 Precursor B-cell (Pre-B) ALL is associated with many
cytogenetic abnormalities that are important prognostic
factors.3 The common chromosomal translocations seen in
paediatric Pre-B ALL are t(8;21) TEL-AML1, t(1;19)(q23; p13)
E2A-PBX1, t(9;22) BCR-ABL, t(15;17), t(4;11) MLL-AF4.4
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Translocation t(1;19) (q23; p13) is the second most
commonly seen chromosomal translocation, and it fuses
the gene coding the basic helix-loop-helix transcription
factor TCF3 with the gene coding the homeodomain
protein PBX1.5 It aﬀects the cellular diﬀerentiation and
results in malignancies.6 It was once considered a high-risk
chromosomal abnormality associated with poor prognosis,
but with better understanding and modification of
chemotherapy protocols, it is no longer considered as one,
and does not require intensified therapy.7 Fewer studies
regarding cytogenetic variations have been reported from
Pakistan. MS Shaikh et al. reported the incidence of
translocation t (1;19) about 1.4% among children
diagnosed with Pre-B ALL.8 The current study was planned
to evaluate the impact of translocation t (1;19) in paediatric
Pre-B ALL cases in terms of outcomes in a Pakistan
population.

Materials and Methods
The retrospective study was conducted at the Shaukat
Khanum Memorial Cancer Hospital and Research Centre
(SKMCH&RC), Lahore, Pakistan, and comprised data from
January 2012 to January 2018. SKMCH&RC is a trust
organisation where oncology patients get treatment from
all over Pakistan.
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After exemption from the institutional ethics review board,
patient data was retrieved from the institutional electronic
medical records database. Total 450 patients from January
2012 to January 2018 were diagnosed with Pre-B ALL.
Twenty-five patients with translocation t (1;19) and 59
patients without any translocations or abnormality were
included in the study. Patients with other chromosomal
translocations besides t (1;19) or abnormality and those in
which cytogenetic analysis was not done were excluded
from the study. Data of patients having translocation t
(1:19) with or without complex karyotype formed group A,
while data of patients without any cytogenetic abnormality
formed the control group B.

reported as frequencies and percentages for quantitative
data, like age, WBC count at presentation, and qualitative
data, like gender. Chi-square test was applied to assess the
relationship between disease parameters and outcomes.
Survival analysis was done using the Kaplan-Meir curve
method. Event-free survival (EFS) was calculated from the
date of diagnosis till death due to disease, progression of
disease, relapse, and abandonment of treatment. Log-rank
test was applied on the survival curves. P ≤ 0.05 was
deemed significant.

Results
Of the 450 subjects whose data was analysed, 84(18.7%)
were included; 25(30%) in group A and 59(70%) were in
group B. There were 21(84%) males and 4(16%) females in
group A with mean age on presentation 3.68±0.6 years

Flowcytometry or immunohistochemistry (IHC) were used
to determine the blast cells immunophenotype using
either peripheral blood or bone marrow samples. Surface
Table-1: Patient characteristics.
staining was tested with antibodies against, cluster of
Patient
t(1;19)
diﬀerentiation (CD) 3, CD4, CD5, CD7, CD8, CD10, CD13,
characteristics
(n=25)
CD16, CD19, CD20, CD33, CD79a, CD11b, CD38, CD14,
Gender
myeloperoxidase (MPO), terminal deoxynucleotidyl
Male
21 (84%)
transferase (Tdt), and human leukocyte antigen-DR isotope
Female
4 (16%)
(HLA-DR).9 At least 15-20 metaphases were analysed and
Age on presentation (years)
3.68 ± 0.6
chromosome identification and karyotyping was based on
WBC on diagnosis
19.7±14.05
the International System for Human Cytogenetic
Haemoglobin
78±1.9
Platelet count
39.5±35.1
Nomenclature (ISCN) guidelines.10 Patients with t(1;19)
No. relapse patients
4 (16%)
(q23;p13) were classified as having balanced or unbalanced
3-year-EFS
62.8%
11
translocation. Since the E2A-PBX1 fusion gene is not
measured at the study site, it is not Table-2: Cytogenetic characteristics of translocation t(1;19)-positive patients.
a part of the current study.
No.
Cytogenetic findings
The initial risk stratification of
patients was based on age and
white blood cell (WBC) counts as
per the National Cancer Institute
(NCI); age 1-10 years and WBC
<50x109/L were stratified as
standard risk, while age ≥10 years
and WBC >50x109/L indicated
high risk.12 Treatment was given
as per the United Kingdom Acute
Lymphoblastic leukaemia (UKALL)
2011 guidelines.13 Cytogenetics
were reported 2 weeks after the
initiation of induction therapy, but
treatment was not intensified for
patients with t(1;19). End-ofinduction assessment was based
on minimal residual disease (MRD)
or the blast count in bone marrow
where MRD was not available.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
Data was analysed using SPSS 20. 24
Descriptive
statistics
were 25

Comparison
Group (n=59)

p-value

41 (69.4%)
18(30.5%)
4.0± 0.92
15.1 ± 14.2
87 ± 2.5
38.3 ± 40.8
12 (20.3%)
69%

0.2

0.6
0.3
0.7
0.4
0.8

46,XY,der(19)t(1;19)(q23;p13)[03]/46,idem,i(9)(q10)[02]/46,XY[15]
46,XY,der(19)t(1;19)(q23;p13)[01]/47,idem,+8[03]/46,XY[16]
46,XY,der(19)t(1;19)(q23;p13)[04]/51,idem,+4,+add(4)(q31),del(6)(q21),+7,del(8)(q22),add(9)(p13),+10,+14[07]/46,XY[09]
47~50,XY,+4,i(7)(q10),+8,+18,der(19)t(1;19)(q23;p13),+21[cp14]/46,XY[06]
46,XY,add(5)(q21),der(19)t(1;19)(q23;p13)[03]/46,XY[17]
46,XY,der(19)t(1;19)(q21;p13)[10]/46,XY[10]
46,XY,der(19)t(1;19)(q23;p13)[04]/46,XY[16]
46,XX,del(X)(q25),add(9)(p23),der(19)t(1;19)(q21;p13)[cp07]/46,XX[13]
46,XY,der(19)t(1;19)(q21;p13)[08]/47~52,idem,+5,+8,+18,+21,+22[cp04]/46,idem,t(1;2)(q21;q36)[03]/46,XY[06]
45,XY,der(13;14)(q10;q10)[6]/53~55,idem,+X,+4,+6,+10,+13,+14,+17,+18,der(19)t(1;19)(q22;p13),+21,+21[cp13]
46,XY,der(19)t(1;19)(q23;p13)[12]/46,XY[8]
46,XY,t(1;19)(q23;p13)[04]/46,XY[16]
46,XY,t(1;19)(q21;p13),del(13)(q12)[19]/46,XY[01]
46,XY,t(1;19)(q23;p13),i(9)(q10)[07]/46,XY[13]
46,XY,t(1;19)(q23;p13)[02]/46,XY[18]
46,XX,add(1)(p36),t(1;19)(q21;p13)[03]/46,idem,del(13)(q12q22)[03]/46,XX[14]
46,XY,t(1;19)(q23;p13)[04]/46,XY[16]
46,XX,t(1;19)(q21;p13)[07]/46,XX[13]
42~50,XY,+X,der(X;1)(p10;q10),+1,t(1;19)(q21;p13),+5,+8,+mar[cp10]/46,XY[10]
46,XY,t(1;19)(q23;p13)[04]/46,idem,del(13)(q14)[12]/46,XY[04]
46,XY,t(1;19)(q23;p13),add(7)(p22)[04]/46,XY[16]
46,XX,t(1;19)(q21;p13)[03]/50~51,idem,+X,+8,+14,+21,+21[cp03]/46,XX[14]
46,XX,t(1;19)(q23;p13),add(6)(q25)[06]/46,XX[12]
46,XY,t(1;19)(q23;p13)[6]/46,idem,+1,der(1;15)(q10;q10)[3]/46,XY[11]
46,XY,t(1;19)(q23;p13)[14]/46,XY[6]
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translocation t (1;19) (Figure 2).

p-value 0.81

In group A, 4(16%) patients had disease relapse. Among
them, 2(50%) patients had late central nervous system
(CNS) relapse, and they were on treatment with relapse
chemotherapy protocol, 1(25%) had a second relapse while
on treatment and was oﬀered palliation, and 1(25%)
patient died secondary to sepsis. Also, 2(50%) of those
patients had very early relapse, at 12 months and 7 months,
respectively; 1(35%) had combined orbital and CNS relapse,
and 1(25%) had bone marrow relapse. The latter 2(50%)
opted for palliative treatment.

Discussion

Figure-1: Event-free survival of translocation t (1;19) group and the control group.

p-value 0.21

Figure-2: Outcomes of balanced and unbalanced translocation.

compared to 41(69.4%) males and 18(30.5%) females in
group B with mean age on presentation 4.0±0.92 (p>0.05).
There were no diﬀerences between the groups in terms of
baseline markers or outcomes (p>0.05) (Table 1). Overall,
1(1.2%) patient had baseline WBC >50x 109/L.
In group A, 14(56%) cases had balanced t (1;19)
translocation, while 11(44%) had unbalanced t (1;19) der
(19) translocation (Table 2).
MRD, assessed at day 30, was negative in 17(%) cases in
group A, whereas in 8(%) cases, bone marrow trephine
examination was used to measure the disease status which
was in remission. The median follow-up time was 43
months (SD±30.5) (interquartile range-(IQR)60). The 3-year
EFS had no significant diﬀerence between the two groups
(p>0.05) (Figure 1). Also, no significant diﬀerence was seen
in EFS between cases of balanced and unbalanced
Vol. 72, No. 9, September 2022

Translocation t(1;19), both balanced and unbalanced, cases
are commonly seen in paediatric Pre-B ALL. The present
study reported the incidence of t(1;19) of almost 25 (5.5%)
(n=450) compared to 65 of 1004 patients reported in
another Asian study which reported the incidence of E2APBX1, and it was not measured in the current study.14 A
study reported the incidence of translocation t(1;19) in
children aged >10 years, while the current study the age
range was 2-5 years.15
Translocation t(1;19) (q23; p13) results in the chimeric
protein E2A-PBX1(TCF3-PBX1) are no longer considered a
prognostic factor.6 The outcomes of t(1;19) translocation
used to be controversial in the past because due to less
intensive chemotherapy regimen there were increased risk
of relapse, especially CNS. With the introduction of
intensified chemotherapy protocol, the overall survival has
improved over the years.16 However limited data is
available on the Pre-B ALL cytogenetics from Pakistan and
data from western world cannot be generalised.
Four patients in the current study had disease relapse; 2
had isolated CNS relapse, 1 had both ocular and CNS
relapse, and 1 had medullary relapse. S. Jeha et al. also
reported similar results.17 Due to low number of patients
with translocation t(1;19) and inability to detect TCF3-PBX1
fusion gene, the current results would be skewed. Both
forms of translocation t(1;19) (q23; p13), balanced and
unbalanced, were included, and EFS with unbalanced
translocation was 81.8% compared to balanced
translocation (64.3%) (p=0.217), Anderson et al. reported
similar results.18
The critical prognostic factor in pre-B ALL is the response
to therapy.19 MRD measurement at the study site was
available from 2015 onwards. Before that, treatment was
stratified as per bone marrow trephine results. Overall, 17
of the 25 patients with t(1;19) in whom MRD was measured
at the end of induction, the value was <10-1 which is the
institutional cut-oﬀ limit, suggesting that patients treated
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with UKALL guidelines do not need risk stratification based
on t(1;19).
The SKMCH&RC has modified treatment protocol based on
UKALL 2019 guidelines, but, due to limited resources and
expertise, stem cell transplant (SCT) and other salvage
therapies in relapsed patients are not employed.20

Conclusion
There was no significant diﬀerence related to outcomes of
Pre-B ALL patients having t(1;19) translocation with or
without complex karyotype and those without any
cytogenetic abnormality, indicating that translocation
t(1;19)-positive patients do not need treatment
intensification.
Limitations: Patients aged 2-5 years were included.
Sample size was not calculated as study was duration
dependent and all patients diagnosed with translocation t
(1;19) and without any chromosomal translocation were
included. This can cause a decrease in the power of the
study.
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