
A double Philadelphia chromosome-positive chronic
myeloid leukemia patient, co-expressing 
P210BCR-ABL1 and P195BCR-ABL1  isoforms

The Philadelphia chromosome (Ph; t(9;22)(q34;q11))
and the associated BCR-ABL1 gene are unique markers
for chronic myeloid leukemia (CML). The chimeric gene
is remarkably homogenous in CML, as nearly all patients
express the P210BCRABL1 protein originated, in the majority
of cases, by the e14a2 or e13a2 fusion transcripts.
Nevertheless, rarer isoforms of the transcript can be
found in 5% of CML cases: P190 (e1a2); P195 (e6a2);
P200 (e8a2); P225 (e18a2); P230 (e19a2).1 All BCR-ABL1
isoforms encode for a constitutively active tyrosine
kinase that disturbs cell proliferation, differentiation, and
survival. This aberrant kinase is the target for effective
therapy against CML. After the introduction of tyrosine
kinase inhibitors (TKIs), such as imatinib, the annual
mortality of CML has reduced significantly to less than
3% per year.2 Several reports state that different break-
points might be associated to different prognosis,
response to treatment and/or survival. For example,
P190BCR-ABL1 is more common in acute lymphoblastic
leukemia and results in a greater malignant potential than
P210BCR-ABL1. P195BCR-ABL1 has been described in a few CML
patients and linked to a poor clinical outcome due to the
aggressive progression.3–7

The genetic instability of BCR-ABL1 expressing blast
cells may lead to additional cytogenetic aberrations
(ACAs), such as double Ph, trisomy 8, and i(17)(q10).
These are known to reduce the response to imatinib and
are detected in less than 5% of CML patients at diagno-
sis. Cytogenetic monitoring for ACAs detection during
TKI treatment is mandatory due to the clonal evolution
of the disease. It is hypothesized that the presence of a
double BCR-ABL1 chimeric gene induces stronger kinase
activity and a more active blast cells proliferation.8,9

Here, we present a 36-year-old male patient without
any relevant past diseases but with a one-month history
of fever and night sweats. On physical examination, no
hepatosplenomegaly or lymphadenopathy were found.
Hemoglobin was 12.9 g/dL, white blood cell count was

58300/pL (90.8% neutrophils, 1.4% eosinophils, 0%
basophils, 6.5% lymphocytes, 1.3% monocytes) and
platelet count was 507 000/pL Bone marrow aspiration
showed 1% blasts, and fluorescence in situ hybridization
(FISH) for BCR-ABL1 was 98% positive (Table 1).
Cytogenetic analysis of 20 mitotic bone marrow cells
showed: four nuclei with one Ph chromosome; seven
nuclei harboring one Ph chromosome and trisomy 8; and
nine double Ph+ nuclei and trisomy 8 (Figure 1a and 1b).
A diagnosis of chronic phase-CML was made, with a
Sokal score of 0.57, Hasford 58 and EUTOS 0. 

The patient initiated imatinib at 400 mg/day.
Cytogenetic response (CyR) was not achieved at three
months of treatment, despite an increase of the imatinib
dosage to 600 mg/day for two weeks (FISH=80%) and
800 mg/day for four and half months (FISH=61%) (Table
1). Due to incomplete CyR, molecular analysis of BCR-
ABL1 was performed, which linked the double Ph+ cells
to two different isoforms of the gene: the typical P210
(e14a2) and the rare P195 (e6a2) (Figure 1c; Online
Supplementary Data - Figures S1, S2 and S5). Except for
two well-characterized SNPs, both transcripts exhibited
no point mutations in the ABL1 domain (see Online
Supplementary Data – Table S3 and Figures S3, S4, S6, and
S7). Clinical studies have shown CML cases expressing
e6a2 isoform where imatinib failed to induce a response;7

others describe the ability of first-line TKIs (imatinib,
dasatinib or nilotinib) to tackle the disease in these
patients.5,10–12 Even though all e6a2-expressing cases
exhibited an aggressive disease course, a direct compari-
son between them is not always straightforward since
they present distinct clinical, hematological or molecular
features, such as accelerated phase disease; marked
thrombocytosis; basophilia, leukopenia or eosinophilic
dysplasia; der(9) deletions; or other atypical BCR-ABL1
rearrangements (e.g., ins (22;9)).5,7,10–12 Also, quantitative
monitoring of rare BCR-ABL1 transcripts is not standard
practice among laboratories making it more difficult to
correlate all trials.5 At month eight after diagnosis, treat-
ment was exchanged to a second-line TKI, bosutinib,
whose side effects (diarrhea grade I, elevation of liver
enzymes grade III and rash grade I) required dose adjust-
ments. CyR was accomplished at month 13. At a later
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Table 1. CML patient disease progression chart, including TKI treatment regimen, hematologic, cytogenetic and molecular levels. 
TKI Dosage (mg/day) Time Disease progression

[months]

Diagnosis 1% blasts; FISH t(9;22) = 98%
Imatinib 400 [0 - 3] Loss of HR; No CyR

600 [3 - 3.5] No HR; FISH = 80% (11% atypical pattern)
800 [3.5 - 8] CHR; FISH = 61%

Bosutinib 400 [8 – 8.5] CHR; FISH = 68%
400 [8.5 - 11] CHR; FISH = 44%
400 [11 - 13] CyR; Toxicity symptoms

− − [13 - 15] Toxicity fully solved
Bosutinib 300 [15 – 20] CyR; FISH = 3.8% (0.8% atypical pattern); MR4,5 (P210)

400 [20 - 21] MR4,5 (P210)
> 21 FISH = 5% (2% atypical pattern); 

Molecularly undetectable P210
CHR: complete hematologic response; CyR: cytogenetic response; FISH: fluorescence in situ hybridization; HR: hematologic response; IM: imatinib; MR4.5: molecular
response with a 4.5-log reduction from IRIS baseline (BCR-ABL1 transcript < 0.0032% IS); TKI: tyrosine kinase inhibitor. 



point, deep molecular response was achieved for P210BCR-

ABL1 but the patient remained positive at cytogenetic level
(FISH = 5%). Even though this patient initially presented
in a chronic phase, the disease progressed to a lymphoid
blastic crisis and the patient was ultimately proposed for
allogeneic stem cell transplant (Table 1).

Ph duplication is usually associated with an overex-
pression of BCR-ABL1, and therefore associated with an
aggressive clinical outcome, and regarded as a resistance
factor to imatinib therapy.8,9 This chromosomal aberra-
tion, allied to the presence of an atypical short isoform of
BCR-ABL1, might explain the progression of the disease,
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Figure 1. Cytogenetic and molecular analysis of patient’s bone marrow and/or peripheral blood. (A) Karyotype banding and (B) fluorescence in situ hybridiza-
tion (FISH): chromosome G-banding showed 4 nuclei 46,XY,t(9;22)(q34.1;q11.2); 7 nuclei 47,XY,+8,t(9;22)(q34.1;q11.2) [A1, with corresponding interphase
FISH image – B1]; 9 nuclei 48,XY,+8,t(9;22)(q34.1;q11.2), +der(22)t(9;22)(q34.1;q11.2) [A2, with corresponding interphase FISH image – B2]. FISH was per-
formed using LSI BCR/ABL1 Dual Color, Dual Fusion translocation probe (Abbott Molecular, Des Plaines, IL, USA). (C) Sequence analysis of BCR-ABL1: C1)
Sanger sequencing of PCR product represented in Online Supplementary Data - Figure S1 (patient). C2) Sanger sequencing of PCR product represented in
Online Supplementary Data - Figure S1 (patient). 
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the lack of CyR to imatinib and the need for a third-gen-
eration TKI targeting the BCR-ABL1 protein.12 Indeed,
shorter BCR-ABL1 transcripts have been reported to
induce an aggressive clinical phenotype due to the lack of
important regulatory BCR sequences. In fact, the guanine
exchange factor/dbl-like domain, which mediates the
communication with several Ras-proteins is crucial for
the regulation of signaling pathways and processes, such
as proliferation, differentiation, adhesion, apoptosis, and
migration.3,13–15 Moreover, immunoblot analysis of a
peripheral blood sample collected after patient deep
molecular response to P210 and stable CyR to P195
under treatment with bosutinib, shows BCR-ABL1
expression at protein level and phosphorylation of ABL1
kinase domain (Figure 3), which is associated to the
pathogenesis of CML. It is difficult to characterize kinase
response drug treatment because regulatory phosphory-
lation events are largely transient changes affecting low
abundance proteins, however, immunoblot results clear-
ly indicate that bosutinib (or imatinib for that matter)
was not able to abolish phosphorylation of Tyr245 on the
ABL1 kinase domain, a commonly used BCR-ABL1 acti-
vation marker. 

This is the first report of a patient attaining deep
molecular response for P210 and stable CyR for P195
under treatment with bosutinib. We conclude that this
CML scenario is associated with an inferior outcome to
therapy with first-generation TKI and that this subset of
patients need to be identified as high-risk patients and
monitored closely for efficacy during chemotherapy. This
study highlights the importance of transcript type identi-

fication, particularly in those cases where more than one
transcript co-exists, to further select the more TKI regi-
men for improvement of response and management in
CML patients.

Raquel Vinhas,1 Alexandra Lourenço,2 Susana Santos,2

Patrícia Ribeiro,2 Madalena Silva,2 Aida Botelho de Sousa,2

Pedro V. Baptista1,* and Alexandra R. Fernandes1,*

1UCIBIO, Departamento de Ciências da Vida, Faculdade de
Ciências e Tecnologia, Universidade NOVA de Lisboa, Campus da
Caparica and 2Serviço de Hematologia, Hospital dos Capuchos
(CHLC), Lisboa, Portugal

Correspondence: ma.fernandes@fct.unl.pt/pmvb@fct.unl.pt
doi:10.3324/haematol.2018.192534

Funding: this work was supported by the Unidade de Ciências
Biomoleculares Aplicadas-UCIBIO which is financed by national
funds from FCT/MEC (UID/Multi/04378/2013) and co-financed by
the ERDF under the PT2020 Partnership Agreement (POCI-01-
0145-FEDER-007728). RV acknowledges PD/BD/52211/2013 and
Inn-INDIGO/0002/2015.

Information on authorship, contributions, and financial & other disclo-
sures was provided by the authors and is available with the online version
of this article at www.haematologica.org.

References

1. Vinhas R, Cordeiro M, Pedrosa P, Fernandes AR, Baptista P V. Current
trends in molecular diagnostics of chronic myeloid leukemia. Leuk
Lymphoma. 2017;58(8):1791–1804.

2. Kantarjian H, O’Brien S, Jabbour E, et al. Improved survival in chron-

haematologica 2018; 103:e551

CASE REPORTS

Figure 2. Immunoblot analysis
of patient´s white blood cells
after attaining deep molecular
response for P210 and stable
CyR for P195 under treatment
with bosutinib, using antibod-
ies against ABL1 (second
lane) and phosphorylated
Tyr245 on ABL1 kinase
domain (third lane). K562 cell
lysates were used as control
(first lane). Full images of
each immunoblot are provid-
ed in Online Supplementary
Data (Figure S8), as well as
the required methodology.
BCR-ABL1 = 195-210 KDa;
ABL1 = 135 KDa.
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