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ABSTRACT

Purpose: To find the frequency of any of these t(12;21)/ETV6-RUNX1, t(1;19)/TCF3-PBX1, t(4;11)/MLL-AF4 in pediatric
Acute Lymphoblastic Leukemia by Fluorescence-In-Situ-Hybridization (FISH) and their prognostic implications. Multiple
studies have been performed across the world for its detection through various techniques.But there is a paucity of literature
available for detecting this cytogenetic aberration by FISH technique in India and so as to correlate the association of these
genetic translocations with clinicohaematological parameters.

Methods: A hospital- based descriptive observational study was performed in forty-five newly diagnosed paediatric ALL cases
after bilingual written informed consent and detailed history. 1ml sample(peripheral blood/bone marrow) of the cases was
collected in a heparinised vial(before the commencement of induction therapy)and was subjected to FISH analysis.Vysis LSI
dual colour dual fusion translocation probe for ETV6-RUNX1,TCF3-PBX1 and Vysis split signal apart probe for MLL
rearrangements were used and the signals were interpreted in interphase nuclei.

Result: The study showed that four out of the forty five paediatric ALL cases (8.8%) showed ETV6-RUNX1 fusion signals
with classic 2F1R1G pattern. 75% of cases had hepatosplenomegaly, lymphadenopathy (50%),high total leucocyte count and
high tumorburden. All the four positive cases were CALLA positive B cell ALLimmunophenotypically and went into remission
and was found to be disease free for 6 months follow up in the time periodof study. A single case (2.2%) of MLL split signal
detected was also a female child had hepatosplenomegaly and lymphadenopathy. This case had anaemia, thrombocytopenia and
blast percentage was more than 50%.Immunophenotypically it was a case of Pro B cell ALL. The typical pattern of 1G1R1F
was obtained. This child had succumbed to death and associated with poor prognosis. No comment can be made regarding
TCF3-PBX1 fusion as no case was found to be positive.

Conclusion: The study find a lower percentage (8.8%) of ETV6-RUNX1 fusion protein in Indian paediatric leukemic patients
compared to Western literature. No statistical significance was established between the translocations and clinicohematological
parameters. Thus,bigger sample size should be more representative for a definitive conclusion. The study couldsuggest
incorporating FISH as a mandatory diagnostic tool in paediatric ALL workup for prognostic implications and risk
stratifications.

Keywords: Genetic Abberations,t(12;21)/ETV6-RUNX1, t(1;19)/TCF3-PBX1, t(4;11)/MLL-AF4, Acute Lymphoblastic
Leukemia, Fluorescence In Situ Hybridisation.
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INTRODUCTION
Acute Lymphoblastic Leukemia (ALL) is a neoplastic
disease characterized by clonal expansion of leukemic
cells in blood, bone marrow, thymus, spleen or lymph
nodes. It is most common malignancy of childhood.!
In the pediatric population, ALL alone accounts for
81% of childhood leukemias. Global incidence of
ALL is 4,37,033 cases per year. In India,
approximately 42,055 cases per year are reported,
accounting for 10% of global burden (IACR 2019).2
Cytogenetics is essential for prognostication & risk
stratification in ALL. Chromosomal analysis still has
an important role in the initial cytogenetic
workup.3Cytogenetic aberrations are seen in upto 75%
cases of pediatric ALL. These not only initiate
leukemogenesis but are also used to predict
prognosis.* The WHO Classification of Tumors of
Haematopoietic and Lymphoid Tissues 2017 classifies
cytogenetic abnormalities further into low risk
t(12;21), intermediate risk t(1;19) , and high risk
t(4;11), 1(9;22) to emphasize their impact on response
to treatment and survival® The cytogenetic
abnormalities can be assessed by using techniques
such as karyotyping, reverse transcriptase-polymerase
chain reaction (RT-PCR) and fluorescence-in-situ-
hybridization (FISH).® FISH is a sensitive and specific
technique for accurate detection of all clinically
relevant translocations. The detection of translocations
is essential for risk stratification and in planning the
treatment protocols in children.” The risk stratification
according to the National Cancer Institute (NCI)
criterion is®
A. Standard Risk (SR)

Age >1 and <10 years

Non-T-cell

Prednisolone Good Responder

No high-risk cytogenetics

WBC <50,000/mm3

MRD <10-4 after induction

Complete Remission after induction
No CNS disease

B. Intermediate Risk (IR)

e  Good risk features but age >10 years

e Good risk features but WBC >50,000/mm3

e Good risk features but bulky lymph nodes (>5 cm
in peripheral region and in chest >5 cm onCT
scan or occupying >1/3 diameter on chest x-ray)
and/or bulky liver/spleen reaching beyond
midway to umbilicus and/or presence of testicular
disease

MRD is less than 0.01%

No High-Risk criteria

High Risk (HR)

All prednisolone poor responders, irrespective of

.O..
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D. High Risk (HR)

e All prednisolone poor responders, irrespective of
age and presenting WBC count

e High risk cytogenetics

e CNS disease

e MRD >10-4 after induction

The study included 45 newly diagnosed paediatric

ALL patients in which t(12;21), t(1;19), t(4;11) fusion

gene analysis was done by FISH.

MATERIALS AND METHODS

Inclusion and exclusion criteria: This is ahospital
based descriptive observational study was conducted
on all newly diagnosed cases of paediatric ALL
below18 years of age presenting to theKalawati Saran
Children’s Hospital (KSCH), over a period of 1 year 4
months (Nov 2018- March 2020) at Department of
Pathology in Lady Hardinge Medical College and
Kalawati Saran Children’s Hospital (KSCH), New
Delhi. The diagnosis of ALL was made on bone
marrow morphology and flow cytometry.All cases of
ALL already on chemotherapy and patients with
relapse of ALL were excluded from the study.

Methodology: The cases at the time of diagnosis (day
0) were subjected to complete hemogram with
peripheral ~smear, bone marrow aspiration,
cytochemistry, immunophenotyping followed by
FISH.As a part of FISH analysis, 1mlheparinised
blood/bone marrow sample was taken and converted
to a pellet which was preserved in Carnoy’ s fixative.
Once completed with the pellet wash, it was subjected
to pre-treatment denaturation, hybridisation with
probe (Vysis LSI dual colour dual translocation probe
and Vysis break apart probe) followed by washing and
interpretation of signals. Slides viewed under Nikon
80i fluorescence microscope equipped with DAPI,
fluorescein isothiocyanate (FITC) and tetramethy
Irhodamine B is othiocyanate (TRITC) fluorescence
filters. 200 interphase nuclei were observed. If no
fusion had occurred, the signal pattern obtained is
2R2G (R-red,G- green) for t(12;21), t(1;19) and 2F for
MLL aberration. If t(12;21) , t(1;19) fusion and MLL
aberrationwere present, then the signal pattern
obtained was 1R1G2F& 1F1R1G (R-red,G-green,F-
fusion)typically. Atypical patterns like
1R1G1F,1F2R1G,1F1R2G and 1F2R2G were also
seen.

Statistical Analysis: Data was entered and analysed
in SPSS version 20.Qualitative data was expressed in
proportions. For quantitative data mean, range and
standard deviation were calculated. Chi-square test
was applied. P value of <0.05 were considered as
significant.
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RESULTS

The presence of ETV6-RUNX1 fusion gene was
studied in relation to all the clinico-hematological
parameters. However, only one parameter i.e BMA
blast percentage was statistically significant parameter
(<0.006). (Table 1) The presence of MLL split signals
gene was studied in relation to all the clinico
hematological parameters. However, only
immunophenotyping parameters were only
statistically significant (p < 0.048). (Table 2) There
was no positive case of t (1;19)/ TCF3-PBX1 fusion
detected in our study. So, no clinic-hematological
correlation was done for TCF3-PBX1 fusion gene.On
Day 0, FISH for ETV6-RUNX1 was put up in 45
newly diagnosed cases of ALL and signals were
analysed. The fusion gene was detected in 4/45 cases
(8.8%). All the cases were co-related to the clinic-
haematological parameters. (Table 3) Though, there
was no significant correlation between clinico-
hematologial parameters and the detection of fusion
gene. Among the 04 cases, there were 3 female and 1
male patient. 02 cases were of more than 10 years of
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age. 03 cases showed features of hepatosplenomegaly
and 02 cases had lymphadenopathy. Only 01 case had
TLC > 50,000/microliter. All the 04 cases had
thrombocytopenia. All were CALLA+ B cell ALL.
All were negative for minimal residual disease on day
35. All patients are alive and in remission. At Day 0,
FISH for MLL aberrations was put up in 45 newly
diagnosed cases of ALL and signals were analysed.
The fusion gene was detected in 1/45 cases (2.2%%).
(Table 4) Though, there was no significant correlation
between clinico-hematologial parameters and the
detection of fusion gene. 01 case of MLL split signal
positive was a 4-month female child, had
hepatosplenomegaly and lymphadenopathy. Patients
had no genetic predisposition like ataxia telangiectasia
and Down syndrome.TLC count was < 50,000/
microliter. Patient had thrombocytopenia. On flow
cytometry, it was ProB cell ALL and negative for
minimal residual disease at day 35. Child succumbed
to death after threemonths of initial diagnosis.

Table 1: Association between patient characteristic and presence of t(12:21)

Characteristics 1(12;21) Total Chi square p value
Present Absent n (%)
n (%) n (%)
Age
0-5 1(25.0) 18(43.9) 19(42.2) 3.119 0.210
5-10 1(25.0) 17(41.5) 18(40.0)
10-15 2(50.0) 6(14.6) 8(17.8)
Gender
Male 1(25.0) 29(70.7) 30(66.7) 3.43 0.101
Female 3(75.0) 12 (29.3) 15(33.3)
Clinical features
Abdominal distension 0(0.0) 06(14.6) 06 (13.5) 1.752 0.816
Fever 02 (50) 22(53.6) 24(53.3)
Bone pain 0(0.0) 02(4.8) 02(4.4)
Pallor 03(75) 04(9.7) 07(15.6)
Petechiae 0 (0.0) 03(7.3) 03(6.6)
Weight loss 0(0.0) 03(7.3) 03(6.6)
HSM
Present 3(75.0) 36(87.8) 39(86.7) 0.472 0.448
Absent 1(25.0) 5(12.2) 6(13.3)
LN
Present 2(50.0) 29(70.7) 31(68.9) 0.393 0.578
Absent 2(50.0) 12(29.3) 14(31.1)
TLC
<4000 0(0.0) 3(7.3) 3(6.7) 1.564 0.815
4000-11000 0(0.0) 4(9.7) 4(8.8)
11000-50000 3(75.0) 20(48.8) 23(51.1)
50000-100000 1(25.0) 10(24.4) 11(24.4)
>100000 0(0.0) 4(9.7) 4(8.9)
Hb
<7 | 2(50.0) 18(43.9) | 20(44.4) 0.549 | 0.760
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7-10 2(50.0) 18(43.9) 20(44.4)
>10 0(0.0) 5(12.2) 5(11.1)
Types of anemia
MCHC 0 (0.0 04(8.8) 04(8.8) 513 .680
NCNC 04 (100) 37(90.2) 41 (91.2)
Platelet
<20000 1(25.0) 14(34.1) 15(33.3) 1.989 0.575
20000-50000 3(75.0) 17(41.5) 20(44.4)
50000-100000 0(0.0) 8(19.5) 8(17.8)
>150000 0(0.0) 2(4.9) 2(4.4)
PS
0-25 01 (25.0) 13 (31.7) 14 (31.1) 1.637 .802
26-50 0(0.0) 3(7.3) 3(6.7)
51-100 3(75.0) 25(61.0) 28(62.2)
BMA
0-25 0 (0.0) 0 (0.0 0 (0.0 14.588 0.006
26- 50 0(0.0) 1(2.4) 1(2.20)
51-75 0(0.0) 8(19.5) 8(17.8)
76 — 100 02 (50.0) 26(63.4) 28(62.2)
Diluted 02 (50.0) 06 (14.6) 08(17.8)
Immunopheno typing
CALLA +B-ALL 04 (100) 30(73.1) 34 (75.5) 1.596 .809
ProB- ALL 0(0.0) 01(2.4) 01(2.2)
T-ALL (early) 0(0.0) 05(12.1) 05(11.1)
T-ALL (cortical) 0(0.0) 05(12.1) 05 (11.1)
Total 4(100.0) 41(100.0) 45(100.0)
Table 2: Relation Between MLL Aberration Signals with Clinicohema to logical Parameters at Day-0
Clinico - hematological MLL split signal Total Test of significance
Parameters number
Positive | Negative Chi square | Pvalue
Sex
Male 0(0.0) 30(68.2) 30(66.7) 0.153 0.33
Female 1(100) 14(31.8) 15(33.3)
Age
1-5 1 (100) 18(40.9) 19(42.2) 1.400 0.497
5-10 0 (0.0) 18(40.9) 18(40.0)
10-16 0 (0.0) 8(18.2) 8(17.8)
Clinical features
Abdominal distension 0 (0.0) 06(13.6) 1.567 0.563
Fever 1(100) 23(52.2)
Bone pain 0(0.0) 02(4.5)
Pallor 0(0.0) 07(15.9)
Petechiae 0(0.0) 03(6.8)
Weight loss 0(0.0) 03(6.8)
Hepatosplenomegaly
Present 1(100.0) 38(86.4) 39(86.7) 0.692 1.00
Absent 0(0.0) 6(13.6) 6(13.3)
Lymphadenopathy
Present 1(100) 30(68.2) 31(68.9) 0.497 1.00
Absent 0(0.0) 14(31.8) 14(31.1)
TLC
<4,000 0(0.0) 3(6.8) 3(6.7) 0.978 0.913
4,000-11,000 0(0.0) 4(9.1) 4(8.9)
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11,000-50,000 1(100) 22(50.0) 23(51.1)
50,000-1,00,000 0(0.00) 11(26.8) 11(24.4)
>1,00,000 0(0.0) 4(9.7) 4(8.9)
Hemoglobin
<7 0 (0.0 20(48.7) 20(44.4) 0.564 754
7-10 01(100) 19(46.3) 20(44.4)
>10 0(0.0) 05(12.1) 05(11.1)
Types of anemia
MCHC 0(0.0) 4(9.7) 4(8.8) 0.752 0.911
NCNC 1(100) 40(97.2) 41(91.2)
Platelet count
<20,000 0(0.0) 15(34.1) 15(33.3) 1.278 734
20,000-50,000 1(100) 19(43.2) 20(44.4)
50,000-1,00,000 0(0.0) 8(18.2) 8(17.8)
>1,50,000 0(0.0) 2(4.5) 2(4.4)
PS Blast count
0-25 0(0.0) 14 (31.8) 14(31.1) 0.621 .961
26-50 0(0.0) 3(6.7) 3(6.7)
51-100 1(100) 27(61.4) 28(62.2)
BMA blast count
0-25 0(0.0) 0 (0.0 0 (0.0
26- 50 0(0.0) 1(2.2) 1(2.2) .682 .954
51- 75 0(0.0) 8(17.8) 8(17.8)
76 — 100 1(100) 27 (61.3) 28 (62.2)
Diluted 0(0.0) 8(17.8) 8(17.8)
Immunophe no typing
ProB- ALL 1(100) 0 (0.0 0 (0.0 45.0 .048
CALLA +B-ALL 0 (0.0 34(77.2) 34 (75.5)
T-ALL (early) 0(0.0) 05(11.3) 05(11.1)
T-ALL (Cortical) 0(0.0) 05(11.3) 05(11.1)
TOTAL 01 (100) 44(100) 45(100)

Table 3: Correlation of clinico-hematological parameters in ETV6-RUNX1 positive cases and their outcome
Age | Sex | HSM LAP TLC Hb Platelets Blast IPT MRD Outc
(Yr) (X1000/ul) | (g/dl) | (x1000/ul) (%) ome

09 F | Present | Absent 84.06 4.9 24 Diluted | CALLA+ | Negative | Alive

12 F | Present | Absent 43.80 7.4 30 95 CALLA+ | Negative | Alive

14 F | Present | Present 14.16 6.4 5 Diluted | CALLA+ | Negative | Alive

05 M | Absent | Present 23.20 7.2 21 90 CALLA+ | Negative | Alive

Table 4: Correlation of clinico-hematological parameters in MLL positive case and their outcome
Age | Sex | HSM LAP TLC Hb Platelets | Blast IPT MRD Outcome
(Yn) (X1000/ul) | (g/dl) | (x2000/ul) | (%)
04 F | Present | Present 11.9 7.9 31 82 Pro B- | Negative Died

month ALL

DISCUSSION identified genetic syndromes that predispose to a

Acute lymphoblastic leukemia (ALL) is a malignant
neoplasm characterized by the clonal accumulation of
immature blood cells in the bone marrow. ALL
comprises of heterogeneous group of diseases with
different morphologic, cytogenetic, and molecular
subgroups, which carry significant therapeutic
implications.® Studies in the pediatric population have
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minority of cases of ALL, such as Down syndrome,
Fanconi anemia, Bloom syndrome, ataxia
telangiectasia and Nijmegen breakdown
syndrome.Other predisposing factors include exposure
to ionizing radiation, pesticides, certain viruses such
as Epstein-Barr Virus and Human Immunodeficiency
Virus. However, in the majority of cases, it appears as
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a de novo malignancy in previously healthy
individuals.’® Chromosomal aberrations are the
hallmark of ALL. Characteristic translocations include
t(12;21) [ETV6-RUNX1], t(1;19) [TCF3-PBX1],
t(9;22) [BCR-ABL1] and rearrangement of MLL.!!
The cryptic t(12;21) (p13;22) is the most frequent
translocation in  B-lineage  childhood acute
lymphoblastic leukemia, results in a fusion transcript
of the TEL gene on 12p13 and the AML1 gene on
21g22.12 The t(1;19) (g23;p13) fusion protein is
comprised of the transactivation domains of TCF3 and
a DNA binding domain of the homebox protein PBX1
, converting PBX1 into a transactivating factor and
reducing expression of the TCF3 encoded
transcription factors E12 and E47, required for the
early lymphoid development.t®

MLL gene rearrangements MLL (mixed-lineage-
leukemia) gene rearrangements at 11923 are present in
80% of all infant B-ALL cases. The MLL gene
encodes for a protein with histone methyltransferase
activity, which is essential for hematopoietic
regulation of HOXA and MEIS1gene expression.The
most common gene rearrangements include
t(4;11)(921;q23) encoding MLL-AFF1(AF4),
t(9;11)(p22;g23) encoding ML L-MLLT3(AF9),
t(11;19)(923;p13.3) encoding MLL-ENL, and
t(10;11)(p13-14;0q14-21) encoding MLL-
MLLT10(AF10).** In the present study, the presence
of cytogenetic abnormality, ETV6-RUNX1, TCF3-
PBX1, MLL rearrangements were studied in 45 newly
diagnosed paediatric ALL cases prior to any treatment
by Fluorescence in situ hybridisation. The study also
evaluated the correlation of this translocation with
clinico-haematological ~ parameters. The  study
population included both males and females with the
age-group ranging from 1 year to 18 years with a
mean age of presentation being 6.8 years. The
majority (82%) of the children fell in the age group
ranging from 1-10 years with 66.6% male
predominance. Findings in our study are similar to
study by PBiswas et al*®and Mazlomi SH et al®® in
India.The common clinical presentations of the 45
cases in the study were fever, abdominal distention,
lymphadenopathy, pallor and weight loss, bone pain
and petechiae. In a study by Ajuba et al*’conducted in
Africa in 2016, showed that the cases of interest had
clinical presentations like fever, weakness, weight
loss, abdominal distention, bleeding etc in which fever
was the most common presenting symptom among
their cases (100%) and appears similar to our
study.All the cases had either hepatosplenomegaly,
lymphadenopathy or both, which is similar to study by
Ajuba et al*’and Pandita et al.'®Hepatosplenomegaly
and lymphadenopathy is a reflection of tumour burden
and is developed due to infiltration of leukemic
cells.’®No single child presented with CNS &
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testicularmani  festation.  The  haematological
parameters included were total leucocyte count,
haemoglobin, platelet count, type of anemiaand blasts
percentage. The total leucocyte count ranged from
2,000 cells/uL to 3,00,000 cells/ul with mean value of
46,784 cells/ul. Majority of the cases (51.1%) of cases
showed moderate elevation of leucocytes (10,000-
50,000/ul). A few cases (8.9%) showed hyperleu
kocytosis. The haemoglobin values ranged from
2.8g/dl to 12.2¢g/dl with a mean value of 7.2 g/dl.The
platelet count ranged from 5,000 to 3,70,000/ul with a
mean platelet count of 40,980/ ul. 77.7 % cases had
low platelet count (<50000/ul). The typeo fanae miap
resent included bothnor mocyticnormochromic and
micr ocytic hypochro micanemia. 91.2% of children
had normocyticnormochromicanemia.There is a
paucity of literatures available correlating totype of
anaemia developed in ALL children.The blast
percentage in peripheral smear showed a mean of
61.6%. All the cases showed blast in peripheral smear
and majority of the cases (62.2%) showed blast
percentage of more than 50%. This shows that most of
the children had increased tumour burden. In our
study,48.8%showed moderately elevated leucocyte
count, low haemoglobin and low platelet counts. The
haematological parameters were similar to the
findings reported in thestudy by Hutspardol et al.Z° All
cases analysed, showed 78% were precursor- B cell
ALL and 22%were T cell ALL. Among the precursor
B cell ALL, 99% were CALLA positive B cell ALL.
Study conducted by Khalid et al?*,Siddhaiahgari et
al??and Aydin et al?®shows CALLA positive B cell as
the predominant immunotype, which is in line with
our study. Presence of CD10 marker decides the
prognosis and treatment response.

Cytogenetic Analysis by FISH To Detect ETV6-
RUNX1 Fusion: In our study,8.8% had shown ETV6-
RUNX1 fusion pattern. This percentage is similar to
the study by Goud et al?* in Oman. However, it is
lower compared to other studies i.e. Amare et al?®and
Igbal Z et al. 2® This shows that variations exist in the
frequencies of ETV6-RUNX1 fusion oncogenes
among different geographic regions/ racial groups.

Cytogenetic Analysis by FISH To Detect MLL
Split Signal: In our study 2.2% case was positive for
MLL split signal. Our result was similar tothe findings
of Jarosova et al ?7in 2016 in Czech Republic which
shows 2.3% cases of MLL aberrations and in Amare
et al®®in 2016 in India shows 1.3% positive cases for
MLL aberration.

Cytogenetic Analysis by FISH To Detect TCF3-

PBX1 Fusion: No case was found positive for TCF3-
PBX1 fusion in our study. This may be due to the
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small sample size and this limits conclusions about the
frequency of this translocation. A study conducted by
Anderson et al 2in 2011 in Denmark showed 1.8%
cases of TCF3-PBX1 fusion, representing a very low
frequency of this translocation.

Correlation Of ETV6-RUNX1 Status with Clinico-
Hematological Parameters: The mean age group of
children with ETV6-RUNX1 positive was 6.8 years.
Among the four positive cases, three were female
children  (75%) which showed a female
preponderance. It shows its association with good
prognostic factor. Fever and pallor were the
commonest symptom in children who were positive
for ETV6-RUNX1 fusion and it may be attributed to
the release of inflammatory cytokines to the tumour
antigen and infiltration of bone marrow or
extramedullary sites by blasts. As a result, initial
symptoms may be due to the presence of anemia,
neutropenia, or thrombocytopenia. Among the four
cases which were positive for ETV6-RUNX1
translocation, 3/4 (75%) had hepatosplenomegaly and
214 (50%) had lymphadenopathy.
Hepatosplenomegaly and lymphadenopathy are the
poor prognostic factors whereas this translocation is
associated with good prognosis. The variation may be
because of less number of cases in our study which
would then not be truly representative of its frequency.
All the cases had low hemoglobin level (< 7g/dl)
associated with good prognosis. This shows ETV6-
RUNX1 positivity is associated with good prognostic
factor. Thrombocytopenia was seen in all the four
cases i.e. platelet count < 50,000/uL is a poor
prognostic marker. This may be due to presentation as
splenic sequestration in cases with splenomegaly. All
the four cases (100%) had blasts percentage greater
than 50%. No case had a subleukemic picture in
relation to ETV6-RUNX1 positivity. We were unable
to find a study to correlate with blast percentage in
case of ALL despite extensive review. All the four
cases (100%) were CALLA positive B cell ALL
immunophenotypically. The study by Hustpadrol et
al?in Thailand also showed similar findings in which
predominant immunophenotype was B cell ALL in all
the cases (100%) of ETV6-RUNX1 fusion. In the
study by Ramirez et al?® in 2001 in Spain also showed
all the cases (100%) positive for ETV6-RUNX1
fusion were predominantly B cell ALL. On follow up,
all the four cases were MRD negative. Study by Aydin
et al 2%and Guru et al * also reported similar type of
pattern where all the positive cases (8/42) for ETV6-
RUNX1 fusion, were MRD negative at day 35 andin
remission.

Correlation of MLL Split Signal Status with
Clinico-Hematological Parameters: One case which
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was positive for MLL split signal was4 month year
old. Study by Caranza et al *' also reported
approximately 75% patients associated with MLL split
signal were younger than 1 year age.The common
clinical manifestations at admission were fever, pallor,
bleeding manifestations. There is paucity of literatures
available in correlating the clinical features with MLL
split signal cases though pallor and easy fatiguability
is mentioned as the common symptom in general in
ALL cases.®? The positive case of MLL split signal
had hepatosplenomegaly and lymphadenopathy
(100%) similar to the study conducted by Marchesi et
al.®® The positive case of MLL split signal had total
leucocyte count of 11,900 cells/ul, platelet count
31,000/ul and low haemoglobin level (7.9g/dl) which
was similar to the findings present in a study
conducted by Pandita et al in 2015 in Jammu and
Kashmir'® reported 10% cases of MLL split apart
signal had platelet count < 20,000/cu.mm, hemoglobin
level < 6g/dl and TLC of 60,000/cu.mm. This case
was Pro B cell ALL immunophenotypically and was
MRD negative. The study conducted by Poppe et
al*in Belgium in 2005 also showed similar findings in
which the single case of MLL split signal had
immunophenotype of Pro B cell ALL. In the study by
Woo Y H et al in Korea reported 71.4% cases of MLL
split apart signal were MRD negative.®® Gao et al in
China also reported 66.6 % cases of MLL split apart
signal were MRD negative.®® No case was found
positive for TCF3-PBX1 translocation and hence
statistically significant data could not be studied. It
may be attributed to limited sample size and study
time. Bigger sample size may be more representative
to assess frequency of TCF3-PBX1 fusion in pediatric
age group.

CONCLUSION

The observations and results showed that the lower
frequency of ETV6-RUNXL fusion gene was seen in
our study as compared to other studies could be
because of female predominance. The presence of
ETV6-RUNX1 fusion gene associated with good
prognostic factors like female predominance, age >
lyear, total leukocyte count <50,000/ul, low
hemoglobin level < 7g/dl. Although we could not find
the statistical significance between the clinico -
haematological parameters and presence of fusion
gene. Thus, bigger sample size and longer follow up
period actually helpful in assessing its prognostic
impact. The MLL split signal gene was present in a
single case (2.2%), a 4 month old female child. This
case was associated with  lymphadenopathy,
hepatosplenomegaly, mild elevation of TLC (11.9
x103/ul), low haemoglobin (7.9%) and low platelet
count (31,000/ul). The child did not survive after the
three months of initial diagnosis. The MLL signal was
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thus associated with poor prognostic parameters like
age < lyear, systemic involvement, low hemoglobin
and low platelet count. The frequency of detection of
MLL split apart signal was similar to reported in other
studies. No statistical significance is established
regarding MLL because a single case was positive for
MLL split apart gene. A bigger sample size should be
more representative for a definitive conclusion. No
comment can be made regarding TCF3-PBX1 fusion
as no case was found to be positive. The technique
FISH (Fluorescence in situ hybridisation) used in the
study was relatively simple to perform, signals were
easily visible and readily readable. It allowed direct
visualisation of genetic mutation in tumour cells/blasts
as well as easy identification of signal pattern
associated with underlying aberration. We recommend
that FISH technique should be used for detection of
clinically relevant cytogenetic abnormalities such as
ETV6-RUNX1 translocations, TCF3-PBX1
translocations and MLL split apart signals as a
mandatory investigation in the diagnostic workup of
newly detected paediatric ALL cases. This will help in
Risk stratification, prognostication and modifying
treatment protocols in these patients.
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