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Abstract

Background: Acute leukemias of ambiguous lineage (ALABye incompletely characterized and are very rare,
accounts< 4% of acute leukemias . In most leukaethi@ cytogenetic and molecular genetic changes émerged to

be diagnostic as well as prognostic importance. @ueack of diagnostic criterias, it is difficuld testablish cytogenetic
features in ALAL. In present study we reviewed chosomal aberrations, their molecular backgrourely orognostic
relevance of ALAL & summarized some new chromosaherrations along with probable mechanism of corple
variant translocatiorDesign and Methods: Present study from Kidwai state cancer institiiecentrated on cytogenetic
findings of ALAL, especially B+Myeloid MPAL casespore so regarding complex variant phildelphia chwsame
translocations summarised diagnostic criteria basedNVHO 2008 classification, clinical, immunopheymitg and
molecular features, along with treatment & folloyw. lResults: Among 32 cases of ALAL cases, 28 MPAL cases
reported in the present study 13 cases were B/Midiollowed by B+T MPAL, T+Myeloid. 4 cases of uffdrentiated
and unclassifiable leukemias were reported. B/mgelPAL were in majority, 13 cases. Cytogenetica@imality was
detected in 4 cases of B/myeloid MPAL. 3 cases Wiadrer, another case was hyperdiploid, surprisiogityof 3 Ph+
cases, 2 cases (66.6%) showed complex variantdistiied chromosomeConclusion: B+MYELOID MPAL revealed
significant cytogenetic abnormalities. Although Plst+reported in MPAL, complex variant Ph with 4 8rway
translocations are not reported in ALAL especiaiyB/Myeloid MPAL. Immunophenotyping & cytogenetias ALAL
should be mandatory. Multiple levels of geneticehegeneity exist in these leukemias with variantti@hslocations.
Prognosis improves when treated with Imatinib
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I ntroduction

The cytogenetic testing of MPAL is of paramount
importance as it can confirm the diagnosis, deteemi
treatment options and provide prognostic informatio
when specific chromosomal abnormalities is known.
Initial karyotype at presentation involving either
chromosomal rearrangement with known prognosis or
unknown prognosis constitutes an independent
determinant for complete remission & risk of relaps
[1]. Present article focuses on ALAL, the importerodf
cytogenetic analysis, especially in B/Myeloid MPAL,
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supporting the importance of karyotyping in thesdise
pathogenesis, diagnosis, prognosis, treatment Kol
up. Present article reviews in detail the types of
chromosomal aberrations, their molecular background
probable mechanism of complex translocation & their
prognostic relevance. It also summarizes some new
chromosome aberrations that have been reported only
once, it also highlights the future research asperct
ALAL in the branch of cytogenetics. t (9;22), (q§41)
leading to formation of BCR-ABL1 fusion gene,
accounts for <1% of acute leukemias [2], however
occurs frequently in MPAL. About 5-10% of CML
patients have complex variant translocations inngha

Available online at: www.ijmrr.in 861 | Page



May, 2016/ Vol 4/Issue 5

ISSN-2321-127X

third chromosome in addition to chromosome 9 & 22
(3,4].

To best of our knowledge complex variant
translocations involving Ph chromosome in MPAL
especially in B/Myeloid MPAL have not been reported
in detail & Impact of these variant translocations,
prognosis has not elucidated. More studies in ALAL
with variant Phildelphia might further clarify our
findings

Material & Methods

Our laboratory received 1855 acute leukemias, duain
period of 4 years from January 2012 to march 2016,
where diagnostic flow cytometric analysis was dane
leukemias were classified based on WHO 2008
criteria’s.

Results

Research Article

ALAL was diagnosed in 32 patients. Out of these, 28
cases were MPAL. Study concentrated mainly on
cytogenetic findings in13 cases of B+Myeloid MPAL
cases.

G banding was done on over night-unstimulated
cultures of bone marrow &were analysed. Conventiona
cytogenetic analysis was performed on BMA according
to the standard cytogenetic methods. Unstimulated
BMA was cultured for 24 and 48 hours in RPMI-1640
media supplemented with 15% Fetal bovin serum at
37C. The cells were exposed to colcemid (0.10 mg/ml
for 30 minutes after incubation, later treated by
hypotonic treatment (0.075 M KCI) for 20 minutesian
fixed by methanol and glacial acetic acid (3:1)eTh
chromosomes were G- banded with trypsin, Giemsa
stain and the karyotype was analysed.

Among 32 ALAL cases diagnosed in 4 years in outitune®, MPAL was diagnosed using WHO criteria in @&tients
(1.4 %). 4 cases were acute undifferentiated leid&mmclassifiable leukemias. Among 28 MPAL cad@&scases were
B+Myeloid MPAL (46%). Surprisingly only B+Myeloid RIAL showed most abnormal cytogenetic findings.

Baseline investigations revealed leucopenia in roases of B/myeloid MPAL, 3 cases had increasea tmunt (TC).
All 3Ph+ MPAL were B/Myeloid MPAL cases and hadriemsed total count, 2 cases had very high Totaltca®0x16
/L. All B/Myeloid MPAL cases had Thrombocytopenigiuding Ph +cases,Mean platelet count was 4841 0neanHb

was 8g/dI

Mean serum lactate dehydrogenase (LDH) was 941, llwlall cases, serum alkaline phosphatase wasnwiibrmal
range and liver enzymes were found to be elevatedsingle case. Serological studies for HIV, HBsfg HCV were

negative. Blasts percentage varied from 20% to {@igp4).

Fig- 1:P h + MPAL presenting with orbital mass.
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Fig-2: Ph + MPAL ,Resolved orbital mass,post treatment
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Fig-3: MRI plain showing Bilateral Orbital iso-intense lesions.

Fig-4: B/Myeloid MPAL showing blasts
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Fig- 5: Flow Scatterogram of B/MYEL OID MPAL.
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FIG-6: Flow Scatterogram of BIMYELOID MPAL
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Fig-7: Complex Variant Phildelphia Chromosome Translocation 46XY ,t(9;9;17;22)(g34;022,q22,q11).

Marker of early hematopoietic cells, CD34, wasmsgitg positive in 70 % cases. All cases were positor both Myeloid
& lymphoid markers, MPO, CD19 and CD 79a. CD13 & B@®was positive. CD117 & CD 10 was positive in%8%f
cases. (Fig 5 & 6) cytogenetic data was availablalli 28 MPAL cases. Among 13 cases of B/myeloidARases, 4
case showed abnormal karyotype, one was hyperdifBocases revealed Ph chromosome, First caseomasrtional
Ph chromosome who presented as orbital mass (&@J). MRI Bilateral Orbital iso-intense lesionsndt€Fig 3) & 2
otherPh + cases had complex variant Phildelphimmbsome, t (7;9;22) (q11;934;q11), and another 4&X¥, t
(9;9;17;22) (934,922,922,911 (Fig 7). Single catdyperdiploidy in B/T MPAL was noted. single adAJL case

revealed del (9) (922).

RT PCR showed increased ABL/BCR, P210 fusion pnateill 3 Ph+cases, however none of the patiethtshéeen nor

antecedent history of CML.

Discussion

In the majority of patients with acute leukemiaadl
cells can be assigned to specific lineage, Myel@&id,
Lymphoid or T-lymphoid. However, in 2-5% of
patients, after immunophenotyping by flow cytometry
(FCM), lineage of leukemias remains ambiguous [2].

When the blasts express more than one lineageesastig

it is not possible to assign to any particulardige, it is
called MPAL. Immunophenotypically Mixed phenotype
acute leukemia can be further sub classified as
B/Myeloid, T/Myeloid, B/T, or trilineage based on
immunophenotypic findings [2] .

The t(9;22), (g34;911) resulting in the BCR-ABL1

fusion gene [2], accounts for <1% of acute leukemia

Ph + MPAL are very few, detailed study of these
cytogenetic abnormalities especially complex vdrian
Phildelphia chromosome in MPAL are unreported so
far. Using the WHO 2008 criteria, MPAL shows a

decreased frequency (0.5-2.8%) compared to EGIL
system (2-5%). MPAL affects both adults and chitdre

International Journal of Medical Research and Review

& shows a male predominance. Reports on the outcome
of patients with MPAL are few but it is believedath
MPAL has poor prognosis, especially in adults and
those with a Ph chromosome [5 & 6}. In most
leukaemias the cytogenetic and molecular genetic
changes have emerged to be of the greatest, inaliey

and prognosis. However, the clinical, biological,
prognostic factors and treatment stratification8i\L
especially B/Myeloid MPAL have remained elusive due
to its rarity and the lack of uniform diagnostidteria

[1].

Clonal chromosome abnormalities can be numerical
(involving changes in chromosome number), or
structural (including mainly translocations /debets) or

both. Cytogenetic analysis reveals clonal chrom@om
abnormalities in 59-90% of MPAL patients .80-90% of
patients with AUL also reveals clonal chromosomal
abnormalities [1]. In present study ¥z case of AUL
revealed cytogentic abnormality in the form del (9)

(922).
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Cytogenetic analysis can detect chromosomal
rearrangements across the whole genome.lnitial
karyotype at diagnosis involving, chromosomal

rearrangement with known prognosis or unknown
prognosis, is an independent determinant for atteit

& duration of Complete Remission, risk of relapse a
survival. New chromosome aberrations during the
course of the disease could predict a upcomingpsela

[1].

Immunophenotyping data showed, the predominant
type of MPAL was B+MyeloidMPAL comprising 13
cases (46%), This is similarto the majority of
thepublished studies where B+ Myeloid constitutes t
predominating type of MPAL [2] however our study
had majority 8 cases children, adults were only 5.

In MPAL, specific cytogenetic rearrangements have
been identified and associated with distinct
immunophenotypes, however (8;21)(g22;q22) is
excluded from MPAL according to WHO 2008 criteria
[2].

Cytogenetic studies are absolutely essential in
characterizing MPAL as they disclose poor
prognosis.Ph + is the most frequent chromosomal
aberration in MPAL, Prateek et al found incidende o
MPAL cases was 6% & the BCR —ABL + was 40%.
Studies from Asia by Xu et al, Lee et al & Mi et al
found MPAL as 4.6%,2.1%, & 3.4% and BCR-ABL +
as 25%, 36.8% and 16.7% respectively. Studies
regarding the incidence of MPAL in West, by Killiek

al, Legrend et al, carbonellaetal & Owaidah etoalnd
1.3%,3.6%,8%&4%.BCR-ABL+WAS18.8%),38%),35%,
30.8% &9% [9].

Commonly described cytogenetic groups in MPAL are,
compelx karyotypes, t(9;22), (9q34;911) and t(v;13)g2
Complex karyotype with 3 or more clonal chromosome
abnormalities are observed in MPAL. Most common ly
involved are del(7q),del (6q),del(5q),and del (17q)
present study did not have any of these deletidhs [
1(9;22), (q34;911) resulting in the BCR-ABL1 fusion
gene, accounts for <1% of acute leukemias, however
occurs frequently in MPAL. The great importance of
cytogenetic abnormalities in MPAL was revealed sy t
fact the 1(9;22) (g34;911.2) and t(v;11923) are
considered as separate entities of MPAL as perHOW
2008. Studies have also shown that Ph positivity an
MLL gene rearrangement is an paramount risk factor
for the survival and has a very bad prognosis [2].
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Significant lower Incidence of Ph chromosome was
noted in Paediatric MPAL (0-16%) [5,8 & 9}. Present
study a single case of complex variant Ph withvea§
translocation, was noted in a child & was B/Myeloid
MPAL. In adults the Incidence of Ph chromosome is
higher [1,10 & 11], we had 2 adults with Ph+, ongsw
conventional Ph chromosome, who presented as brbita
mas, other was a complex variant of
Phchromosome,with a 4 way translocation. Complex
Variant Phildelphia in CML have been described, but
never ever in MPAL Similar to Atfy et al &Wang in
2011; Patients with Ph+ were predominantly male,we
also had 2/3 (66%) Ph +cases in men. Total WBC tcoun
was high in these studies, In present study all+3Ph
cases, including 2 complex variant Ph had highl tota
count, 2 cases had very high Total count,108x10

All 3 cases had Thrombocytopenia.

Study by Wang et al showed Ph + in most cases of
B/myeloid MPAL[12], similar to his study Ph posiiv
was seen exclusively in B/myeloid MPAL.All cases
reported either the 1(9;22), that is Phildelphia
chromosome positive, is detected by karyotype,er th
BCR-ABL1 fusion gene detected by Fish or PCR.
Present study all 3 cases had Ph on conventional
karyotype, also Abl/Bcr ( p210) transcripts werdeab

on RT PCR, however had none of these had prior
history of CML, nor a huge spleen, had very short
history.

Variant phildelphia translocations in CML accouaot f

up to 10%. By conventional cytogenetic analysis two
variant sub groups have been recognized:complex, t
(9:22:v), third translocation partner chromosome is
represented as V;andsimple, t(9:v) or t(22v) [3,4].

The BCR-ABL fusion is detectable in both these
groups,on the Ph chromosome or occasionally on the
additional translocation partner [13,14,15]. vatri&h
translocations can involve any chromosome,
however,marked clustering has been observed to some
bands, notably 3p21, 3921, 6p21, 11913, 12p13,1,792
17925 & 2213 [3,4]. Some reports have observed tha
most recurring breakpoints occur in the region of
recognized oncogenes,fragile sites or typical sgaon
breakpoints in other malignancies [16,17], no sthaly
been published in which molecular methods have
confirmed these speculations.

The mechanism by which variant Phildelphia
translocation takes its origin is controversialuess
fitzgerald and morris as proposed two possible
mechanism: the first is a single event rearrangémwian
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the simultaneous breakage of many chromosomes
followed by joining of mismatched portions of
chromosomes. The second involves two serial
translocations;a conventional Ph, later followed ey
translocation between chromosome 9 & 22 and a third
chromosome.evidence in support of the two step
mechanism includes reports of a few patients, where
cytogenetic evolution from a classical Ph to variaas
noted [18]. Calabrese et al claimed to have found
evidence of this two step process by identifyingtipo

of chromosome 22 present on the der (9) chromosome,
which was detectable by FISH, in 9/10 variant CML.
other studies however have failed to support these
findings [19,20,21].

We had for the first time complex variant transtima
a 3 way translocation, t(7;9;22) (q11;934;911) iad
year girl. Similar translocation is earlier repairtgy reid
et al, but that was in CML. A conventional Ph +ai23
year old male and a complex variant translocatio#,
way translocation, for the first time in MPAL
1(9;9;17;22) (934;922;92911) in a35 year old male.

Reid et al in 2003 has studied extensively 54 ca$es
variant phildelphia translocation, however it was i
CML[20]. Ph + MPAL either can have p190 transcript
or p210 transcripts [1,7], in present study we Bk
cases with b3a2 (p210) transcript. Recurrent cytetije
abnormalities observed in MPAL are trisomies 19, 21
and hyperdiploidy. We had 2 cases with hyperdiploid
one case was B/T MPAL & Other was B/Myeloid
MPAL.

The mechanism of formation of a variant Ph
translocation may have clinical relevance;a twonéve
mechanism may represent clonal evolution,where as a
variant translocation via a single genomic
rearrangement may confer a similar prognosis to the
conventional Ph translocation. Previous analysis of
variant Ph positive CML, however have yielded
contradictory results. Many reports have noted wors
prognosis in variant Ph-positive cases than inghagh
conventional t (9;22), but other studies have thile
support this theory. few studies have establishedtsr
survival due to increased frequency of derivative
chromosome 9 deletion [20].

Decreased survival was noted in variant Ph patients
than in those with the classical Ph translocatiomprie
imatinib era, due to deletion of the derivative
chromosome 9 were found in higher frequency in
patients with variant translocations than with the
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conventional t(9;22) (g34;922) translocation [22,23
Acute undifferentiated leukemia are diagnosed when
the blasts exhibit no lineage-specific antigens fgte
undifferentiated leukaemia seems to be more common
in older adults [1], we had 4cases of AUL, 2 inlat@n,

one was 2 yr old & other was 14 year old. singleltad
case revealed del (9) (g22) .

Cytogenetic analysis reveals clonal chromosomal
abnormalities in 80-90% of patients with AUL.AUL
shows a high frequency of del (5g) and trisomy 13
[10,11]. The prognosis of AUL patients is poor it of

4 cases of AUL in present study, had cytogenetic
abnormalities on conventional karyotyping.

Incidence of a complex variant of Ph chromosome in
MPAL is not described. In present study variantis
much more frequently seen than conventional PHt3 2/
cases B/Myeloid MPAL (15 %), this could be attrigmiit

to small number of Ph + patients in the study. rent
studies are essential in this rare disease, tafyclar
whether complex variant translocations common in
B/Myeloid MPAL. Few frequently seen cytogenetic
abnormalities in MPAL, especially in B/Myeloid
MPAL are Del(1)(p32); Deletion of chromosome |
involving the p32 locus (del(1) (p32) affecting &T1
TAL1 fusion gene,Trisomy 8, Trisomy 4, Deletion of
16q, abn (7p); abnormalities of 7p including dé&p)(
del5q etc [1,6]

Although the prognostic importance of few
chromosome abnormalities has been established,
majority of chromosomal abnormalities has not been
determined, this could be due to relative raritytlod
disease, the different scoring systems proposedhand
different treatment protocols used in many study
groups. In a recent study of 21 Ph+ patients treatm
outcome was poor with a year survival of 28%, &
relapse free survival of 18% [1].

Our patients were treated with Imatinib&
chemotherapy. Though all our Ph + cases includimg P
variant chromosome attained remission, one adult
patient who presented as orbital mass ,relapsed Ht
months and did not survive. Paediatric variant Ethitd
was referred to higher center for BMT after renaasj
adult Ph+variant patient is in remission and cutyam
follow up. It has been observed that patients with
variant translocations have similar prognosis toséh
with classical t(9;22) (934;922) when treated with
Imatinib [22,23,24]. All Ph+, whether conventiora
variant Ph, responds well for Imatinib and
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chemotherapy. More studies in variant Ph+ B/Myeloid
MPAL might further clarify our findings

Novel genomic technologies, such as next-generation
sequencing, may help to define the leukemogenic
mechanisms in B/Myeloid MPAL cases and to
determine a standardized treatment for these rare
leukemias. Analysis of cytogenetics should be
mandatory in these leukemias as they are incrdgsing
important as potential targets for therapy in fatur
Presence of the Phildelphia chromosome should be
checked always as it affects the treatment.

Moreover, molecular studies of structural chromoalom
abnormalities, identified by karyotype may aid het
cloning of genes situated at chromosomal breakpoint
and aid in characterizing the proteins involvedhe
genesis of leukemia[l]. Knowledge of these proteins
may open new therapeutic ways in ALAL.

To best of our knowledge complex variant
translocations involving Ph chromosome in MPAL
especially in B/Myeloid MPAL have not been reported
in detail so far& prognostic impact of these varian
translocations has not been fully elucidated in
B/Myeloid MPAL.More studies in variant Ph+
B/Myeloid MP AL might further clarify our findings
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