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A B S T R A C T

Philadelphia (Ph) chromosome is a cytogenetic hallmark of chronic myeloid leukemia (CML). Most patients
with CML harbor either the e13a2 or e14a2 BCR-ABL fusion product, while a small subset of the cases expresses
e1a2 or e19a2 transcripts. We report a patient with chronic myelomonocytic leukemia (CMML), initially Ph
chromosome negative at presentation, with rapid disease progression to acute myeloid leukemia (AML) and
appearance of Ph chromosome and BCR-ABL e6a2, a very uncommon fusion transcript. The AML was
refractory to treatment with subsequent emergence and dominance of a Ph negative leukemic clone. The patient
expired shortly after disease progression.

Philadelphia (Ph) chromosome results from the reciprocal translo-
cation t(9;22)(q34.1;q11.2), and is a diagnostic feature for chronic
myeloid leukemia (CML). In most cases, the breakpoint in BCR occurs
in M-bcr region, leading to production of e13a2 and/or e14a2 fusion
transcripts. The breakpoints infrequently occur in either m-bcr or μ-
bcr, producing e1a2 or long e19a2 fusion transcripts. Several other
variant transcripts, such as e8a2, e13a3, e14a3, and e6a2 have also
been identified and account for < 1% of CML cases. Late appearing Ph
chromosome may be acquired over the course of myelodysplastic/
myeloproliferative neoplasm (MDS/MPN) or MDS, representing dis-
ease progression and often signifying poor prognosis. In this report we
describe a patient with chronic myelomonocytic leukemia (CMML), a

subtype of MDS/MPN, which progressed to AML with gain of the rare
BCR-ABL1 fusion transcript e6a2 and died shortly of tumor lysis
syndrome.

The patient is a 58 year old man who presented on 9/2012 at an
outside institution with WBC 24.3 K/ul, Hgb 7.6 g/dl, and Platelets
56.0 K/ul; differential: neutrophils 53%, lymphocytes 10%, monocytes
35%, eosinophils 2%, and blasts 0%. The aspirate smear was hemodi-
lute and inadequate for differential, but showed dysgranulopoiesis. The
bone marrow (BM) biopsy was markedly hypercellular (approximately
100%) with hyperplastic granulopoiesis and dysplastic megakaryocytes
(monolobation, widely separated nuclei). Immunohistochemistry re-
vealed 5-10% blasts expressing CD34 and CD117, which by flow

Fig. 1. A; larger BCR-ABL1 fusion product is amplified by multiplex PCR, which is confirmed to be e6a2 by Sanger sequencing. B; Sanger sequencing (reverse read) showed the fusion is
between BCR exon 6 and ABL1 exon 2 (corresponding forward read is illustrated under the sequence graph).

http://dx.doi.org/10.1016/j.lrr.2017.01.003
Received 4 August 2015; Accepted 15 January 2017

⁎ Corresponding author.
E-mail addresses: yaoj1@mskcc.org (J. Yao), Chiu.April@mayo.edu (A. Chiu).

Leukemia Research Reports 7 (2017) 17–19

Available online 31 January 2017
2213-0489/ © 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/BY-NC-ND/4.0/).

MARK

http://www.sciencedirect.com/science/journal/22130489
http://www.elsevier.com/locate/lrr
http://dx.doi.org/10.1016/j.lrr.2017.01.003
http://dx.doi.org/10.1016/j.lrr.2017.01.003
http://dx.doi.org/10.1016/j.lrr.2017.01.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lrr.2017.01.003&domain=pdf


T
a
b
le

1
C
li
n
ic
op

at
h
ol
og

ic
fe
at
u
re
s
of

re
p
or
te
d
ch

ro
n
ic

m
ye
lo
id

n
eo

p
la
sm

ca
se
s
h
ar
bo

ri
n
g
e6

a2
fu
si
on

tr
an

sc
ri
p
t.

C
a
se

N
o
.

R
e
fe
re

n
ce

(y
e
a
r)

A
g
e
/S

e
x

D
ia
g
n
o
si
s

B
C
R
/A

B
L

T
ra

n
sc

ri
p
t(
s)

T
re

a
tm

e
n
ta

R
e
sp

o
n
se

to
T
K
I

C
li
n
ic
a
l
co

u
rs

e
/o

u
tc
o
m

e
S
u
rv

iv
a
l

1
H
oc
h
h
au

s
[3
]

41
/M

C
M
L
-C

P
e6

a2
H
U
,
al
lo
-B

M
T

N
A

A
P
af
te
r
19

m
on

th
s
D
ea
th

fr
om

se
p
si
s

16
d
ay
s
af
te
r
B
M
T

33
m
o.

2
D
u
p
on

t
[4
]

50
/M

C
M
L
-C

P
e6

a2
A
SC

T
,
α
IF
N
+
ar
a-
C

N
A

N
R

N
R

3
Sc

h
u
lt
h
ei
s
[5
]

65
/M

C
M
L
-B

P
e6

a2
H
U
,
Im

at
in
ib

R
ed

u
ct
io
n
of

W
B
C
af
te
r
30

d
ay
s

D
ea
th

fr
om

p
n
eu

m
on

ia
42

d
4

C
ol
la

[2
]

76
/M

C
M
L
-C

P
e6

a2
H
U
,
α
IF
N

N
A

R
el
ap

se
d
an

d
d
ea
th

fr
om

ce
re
br
al

ic
tu
s

64
d

5
P
op

ov
ic
i
[6
]

67
/M

C
M
L
-C

P
e6

a2
Im

at
in
ib

C
om

p
le
te

h
em

at
ol
og

ic
an

d
cy
to
ge
n
et
ic

re
sp

on
se

H
em

at
ol
og

ic
re
m
is
si
on

A
li
ve

at
18

m
o.

6
R
ot
i
[1
0]

37
/M

C
M
L
-C

P
e6

a2
,
e1

a2
Im

at
in
ib

P
ar
ti
al

m
ol
ec
u
la
r
re
sp

on
se

D
is
ea
se

st
ab

il
iz
ed

on
im

at
in
ib

A
li
ve

at
21

m
o.

7
Sc

h
n
it
tg
er

[1
]

48
/M

C
M
L
-C

P
e6

a2
Im

at
in
ib
,
H
U
,
d
as
at
in
ib

Im
at
in
ib
:
d
is
ea
se

p
ro
gr
es
si
on

w
it
h
cl
on

al
ev
ol
u
ti
on

an
d

re
si
st
en

ce
m
u
ta
ti
on

s
D
ea
th

fr
om

bl
as
t
cr
is
is

10
m
o.

D
as
at
in
ib
:
In
it
ia
l
h
em

at
ol
og

ic
an

d
cy
to
ge
n
et
ic

re
m
is
si
on

fo
ll
ow

ed
by

bl
as
t
cr
is
is

an
d
n
ew

re
si
st
an

ce
m
u
ta
ti
on

8
V
ef
ri
n
g
[7
]

42
/M

C
M
L
-A

P
e6

a2
Im

at
in
ib
,
A
SC

T
,
d
as
at
in
ib

Im
at
in
ib
:
p
er
si
st
en

t
d
is
ea
se

D
ev
el
op

ed
m
ye
lo
id

sa
rc
om

a
(C

M
L
-B

P
)

af
te
r
A
SC

T
45

m
o.

D
as
at
in
ib
:
eff

ec
ti
ve

on
su

bs
eq

u
en

t
m
ye
lo
id

sa
rc
om

a
D
ea
th

fr
om

h
em

at
em

es
is

9
V
ef
ri
n
g
[7
]

48
/M

C
M
L
-C

P
e6

a2
Im

at
in
ib
,
C
D
A
,
α
IF
N
,
A
SC

T
D
is
ea
se

p
ro
gr
es
si
on

H
em

at
ol
og

ic
re
m
is
si
on

af
te
r
A
SC

T
A
li
ve

at
62

m
o.

10
L
an

ga
be

er
[8
]

36
/M

C
M
L
-C

P
e6

a2
,
e1

a2
Im

at
in
ib
,
n
il
ot
in
ib
,
A
SC

T
Im

at
in
ib
:
p
ro
gr
es
si
on

to
A
P
w
it
h
cl
on

al
ev
ol
u
ti
on

C
om

p
le
te

m
ol
ec
u
la
r
re
m
is
si
on

A
li
ve

at
28

m
o.

N
il
ot
in
ib
:
co
m
p
le
te

cy
to
ge
n
et
ic

re
m
is
si
on

11
H
ay
et
te

[9
]

64
/F

C
M
M
L

e6
a2

(a
cq

u
ir
ed

)
Im

at
in
ib

R
ed

u
ct
io
n
of

B
C
R
/A

B
L
tr
an

sc
ri
p
t
af
te
r
3
m
on

th
s

N
R

A
li
ve

at
3
m
o.

12
P
re
se
n
t
ca
se

58
/M

C
M
M
L

e6
a2

(a
cq

u
ir
ed

)
In
d
u
ct
io
n
ch

em
ot
h
er
ap

y,
d
as
at
in
ib
,
n
il
ot
in
ib

D
as
at
in
ib
:
re
ce
iv
ed

on
ly

3
d
os
es

d
u
e
to

p
n
eu

m
on

it
is

D
is
ea
se

p
ro
gr
es
si
on

to
A
M
L
af
te
r
on

e
m
on

th
15

m
o.

N
il
ot
in
ib
:
d
is
ea
se

p
ro
gr
es
si
on

d
es
p
it
e
d
ra
st
ic

re
d
u
ct
io
n

of
P
h
+
cl
on

e
D
ea
th

d
u
e
to

ra
p
id

d
is
ea
se

p
ro
gr
es
si
on

an
d
tu
m
or

ly
si
s
sy
n
d
ro
m
e

a
L
is
te
d
te
m
p
or
al
ly
.
M
,
m
al
e;

F
,
fe
m
al
e;

C
M
L
,
ch

ro
n
ic

m
ye
lo
ge
n
ou

s
le
u
ke

m
ia
;
C
P
,
ch

ro
n
ic

p
h
as
e;

A
P
,
ac
ce
le
ra
te
d
p
h
as
e;

B
P
,
bl
as
t
p
h
as
e;

A
M
L
,
ac
u
te

m
ye
lo
id

le
u
ke

m
ia
;
C
M
M
L
,
ch

ro
n
ic

m
ye
lo
m
on

oc
yt
ic

le
u
ke

m
ia
;
H
U
,
h
yd

ro
xy
u
re
a;

al
lo
,

al
lo
ge
n
ic
;
B
M
T
,
bo

n
e
m
ar
ro
w

tr
an

sp
la
n
t;
A
SC

T
,
al
lo
ge
n
ic

st
em

ce
ll
tr
an

sp
la
n
t;
SC

T
,
st
em

ce
ll
tr
an

sp
la
n
t;
α
IF
N
,
al
p
h
a
in
te
rf
er
on

;
ar
a-
C
,
cy
ta
ra
bi
n
e;

C
D
A
,
ch

lo
ro
d
eo

xy
ad

en
os
in
e;

T
K
I,
ty
ro
si
n
e
ki
n
as
e
in
h
ib
it
or
;
m
o.
,
m
on

th
s;

d
,
d
ay
s;

N
R
,
n
ot
.

J. Yao et al. Leukemia Research Reports 7 (2017) 17–19

18



cytometry were also positive for CD13, CD33, and MPO; but negative
for B/T-lymphoid markers. The karyotype was normal. FISH study was
negative for t(9;22) and chromosome 5, 7, 8, and 20 aberrations.
Molecular studies were positive for RUNX1 and TP53 mutations, but
negative for BCR-ABL1 fusion transcripts and FLT3, NPM1, ASXL1,
EZH2, and ETV6 mutations. Based on these findings and a history of
persistent monocytosis, a diagnosis of CMML-1 was rendered. He was
refractory to 4 cycles of azacytidine and vorinostat and rapidly
progressed to AML 8 months later in 5/2013 with 20% marrow blasts,
which by flow cytometry were positive for CD34 (small subset), CD13,
and CD33; while negative for CD117 and B/T-lymphoid markers
including CD19 and cCD3, thereby excluding mixed phenotype acute
leukemia. Cytogenetics study again showed a normal karyotype:
46,XY[20]. No molecular testing was performed. Despite an AML
induction with cytarabine and idarubicin (standard “7+3” regimen) on
5/16/2013, his disease further progressed with 41% marrow blasts,
which responded with re-induction with high-dose cytarabine on 5/30/
2013 with reduction of blasts to 5%. Although he never achieved
complete remission, his blast count remained stable and he did not
receive further treatment or had interval biopsies until 9/2013, when
his disease progressed again with 83% marrow blasts and 63%
circulating blasts, and received fludarabine, cytarabine, idarubicin,
and G-CSF (FLAG-IDA salvage regimen) and hydroxyurea. The patient
was transferred to our institution on 9/30/2013 where a bone marrow
biopsy showed 34% blasts. Karyotype analysis detected Ph chromo-
some: 46,XY,t(9;22)(q34.1;q11.2)[11]/46,XY[9]; and FISH showed
BCR/ABL1 fusion signal in 6% cells: nuc ish(ABL1x3,BCRx3)(ABL1
con BCRx1)[30/500]. RT-PCR was negative for p210 and p190 BCR-
ABL1 fusion transcripts, but revealed a much larger product (~800bp)
suggesting a variant fusion with estimated molecular weight of 191 kDa
(Fig. 1A). Sanger sequencing confirmed a fusion of BCR exon e6 and
ABL exon a2, generating e6a2 fusion transcript (Fig. 1B). Molecular/
NGS studies were positive for DNMT3A, RUNX1, and SUZ12 muta-
tions; and negative for FLT3, NPM1, CEPBA, NRAS, KRAS, TET2,
ASXL1, IDH1/2, and JAK2 mutations. Dasatinib (140 mg/day) was
initiated on 10/28/2013. However, FISH study from a 11/5/2013
blood sample showed BCR/ABL1 in 475/500 (95%) of the cells,
indicating expansion of the Ph+ clone. Due to dasatinib-induced
pneumonitis dasatinib (3 doses received) was discontinued on 11/
17/2013 and switched to nilotinib (800 mg/day) on 11/19/2013. His
WBC was 17.6 K/uL in pre-dasatinib and 4.6 K/uL pre-nilotinib (but
post- dasatinib) periods, during both of which ABL kinase mutation by
Sanger sequencing of ABL exon 4–9 were negative. His WBC further
increased to 91.3 K/uL with 80% circulating blasts on 11/24/2013.
However, FISH revealed BCR-ABL1 fusion in only 17/508 (3.4%) of
peripheral blood cells. The patient was given palliative care and expired
on 12/04/13 from tumor lysis syndrome.

This report illustrates an unusual case of CMML which transformed
to AML rapidly with emergence of the rare BCR-ABL1 e6a2 fusion
transcript. The possibility CML in blasts crisis was excluded as the
CMML biopsy showed dysgranulopoiesis and lacked Ph chromosome
and BCR-ABL1 fusion transcript.

We further reviewed the previous reports of BCR-ABL1 e6a2 fusion
transcript, the vast majority of which were CML with male predomi-
nance (Table 1) [1–10]. Two of these cases also co-expressed e1a2
transcript, likely representing low level alternative exon splicing [8,10].
The other reported CMML case harboring BCR-ABL1 e6a2 fusion
transcript, similar to our case, acquired the Ph chromosome later in the
disease course [9].

CML with BCR-ABL1 e6a2 fusion transcript appears to be asso-

ciated with more aggressive clinical features, including accelerated/
blastic phase on presentation [5,7], rapid disease progression [1,3,8],
and imatinib treatment failure [1,7,8]. Their response to TKI treatment
is variable (Table 1). Briefly, 3 of 7 patients who received a TKI (#5, #6,
#10) responded to imatinib, nilotinib, or dasatinib; with disease
stabilization or hematologic/molecular remission. Three patients
(#7–9) showed persistent/progressive disease, while one died early
from infection (#3). The other reported CMML case (#11) showed
molecular response to imatinib after 3 months, although long term
followup is not available. Our patient is unique since although his Ph+
clone drastically diminished in response to nilotinib (95% to 3.4%), his
blast burden remained high (80%) with dominance of the Ph negative
clone. Although it is tempting to speculate that the Ph negative clone
may have been selected from suppression of the Ph+ clone by nilotinib,
the patient’s rapidly progressive disease may be due to an inherently
aggressive biological behavior of his antecedent CMML and unrelated
to TKI therapy, a notion that appears to be supported by the presence
of RUNX1 and TP53 mutations in the CMML specimen.

It was hypothesized that shorter BCR-ABL transcripts are asso-
ciated with a more aggressive clinical course due to lack of important
regulatory bcr sequences within the fusion proteins [2]. Specifically in
e6a2 transcript, the breakpoint in bcr intron 6 may result in partial loss
of GEF/dbl-like domain that mediates interaction with several Ras-like
G proteins involved in cell proliferation and signal transduction, which
leads to enhanced tyrosine kinase activity of the BCR-ABL1 fusion
protein.

In summary, our case illustrates the importance of combining
conventional karyotype/FISH and appropriate molecular studies to
detect rare BCR-ABL fusion transcripts such as e6a2. As a late
appearing secondary Ph chromosome is usually considered a poor
prognostic factor in hematopoietic malignancies, individualized ther-
apeutic strategies such as newer TKIs and allogeneic stem cell
transplantation may be warranted.
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