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Abstract. Background/Aim: The Philadelphia chromosome
is the most frequent cytogenetic abnormality in chronic
myelogenous (CML). More than 95% of CML patients are
diagnosed with the el3a2 or el4a2 BCR-ABLI fusion
transcripts while, in about 1% of these individuals, the break
generates the ela2 rearrangement. Furthermore, about 5%
of CML patients are diagnosed with rare BCR-ABLI fusion
transcripts, such as el9a2, e8a2, el3a3, el4a3, ela3 and
e6a2. However, there is limited evidence concerning the
clinical and prognostic implications of these infrequent
oncogenic variants for CML patients receiving tyrosine
kinase inhibitors (TKIs). Case Report: We describe a novel
atypical el2a?2 insertion/deletion (Ins/Del) BCR-ABLI fusion
identified in a CML 59-year-old man diagnosed with a
common el3a2 BCR-ABLI isoform. The use of primers
recognizing more distant exons from the common BCR-ABLI
breakpoint region correctly identified and monitored in time
the atypical el2a2 Ins/Del BCR-ABLI fusion. Conclusion:
Treatment with second- (nilotinib) and third-generation
(ponatinib) TKIls was effective in suppressing leukemic
clones exhibiting the atypical el2a2 Ins/Del BCR-ABLI.
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The Philadelphia (Ph-) chromosome, generated by the
reciprocal translocation of the ABLI and BCR genes, is the
most frequent cytogenetic abnormality in both chronic
myelogenous (CML) and adult acute lymphoblastic (ALL)
leukemia (1-5). At the molecular level, the t(9,22) translocation
originates from the BCR-ABLI chimeric oncogene encoding
for an oncoprotein with constitutive tyrosine kinase (TK)
activity that alters the proliferation rates, survival signaling,
cytoskeleton dynamics and microenvironment interactions of
the hematopoietic stem cell (6-10).

More than 95% of CML patients are diagnosed with the
el3a2 or el4a2 BCR-ABLI fusion transcripts while, in about
1% of these individuals, the break in the BCR gene occurs
between exons 1 and 2, generating the ela2 rearrangement.
Approximately 5% of CML patients present atypical BCR-
ABLI mRNAs created by fusions involving alternative
exons, gene insertions or unusual breakpoints. These
infrequent isoforms include e19a2, e8a2, e13a3, el4a3, ela3,
e6a2 and el2a2 and may escape detection when using
standard methods optimized for typical variants (11-14).

Over the past 20 years, the development of BCR-ABLI
tyrosine kinase inhibitors (TKIs) has significantly improved
the outcomes of most CML patients, generating
unprecedented rates of complete hematological (CHR),
cytogenetic (CCyR) and molecular (MR) responses (15, 16).
In the current therapeutic scenario, several TKIs may be
chosen as first-line treatment for CML (17, 18), although
extensive data have shown that the efficacy of these
compounds may be compromised by both BCR-ABLI-
dependent or -independent mechanisms of resistance often
requiring alternative therapeutic approaches (19). Currently,
very limited evidence is available on the efficacy of different
TKIs in CML patients expressing atypical BCR-ABLI
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rearrangements, let alone those displaying the coexistence of
two (one typical, the other atypical) BCR-ABLI transcripts
(14, 20, 21).

In the present case report, we describe the case of a patient
successfully treated with nilotinib (NIL) and ponatinib
(PON) for a disease initially characterized by the common
el3a2 isoform that subsequently developed an atypical e12a2
insertion/deletion (Ins/Del).

Case Report

In June 2007, a 59-year-old man presented with a 2-week
history of fever, fatigue and abnormal blood cell counts. At
the time, his hemoglobin (Hgb) was 13.4 g/dl with 76,530
white blood cells (WBC) and 224,000 platelets (Table I). The
spleen was palpable 2 cm below the left costal margin while
liver size was normal. Conventional cytogenetics, performed
by G-banding (22, 23), detected the Philadelphia chromosome
in all examined metaphases with no additional cytogenetic
abnormalities [karyotype 46,XY, t(9;22)(q34:;q11)] (Table I).
Multiplex reverse transcriptase (RT)-PCR revealed the
presence of the el3a2 BCR-ABLI transcript with BCR-
ABLI/ABLI levels of 198.82% measured by real-time (Q-
PCR) (24) (Figure 1A and B).

Based on these clinical findings the patient was diagnosed
with chronic-phase CML with low Sokal (25), low Hasford
(26) and intermediate ELTS (27) scores (Table I). Soon
thereafter, he began imatinib (IM) 400 mg/day achieving a
complete hematological response with persistence of the
Philadelphia chromosome in 4/20 (20%) metaphases after 3
months. At this time, Q-PCR detected BCR-ABLI/ABLI
transcript levels of 85.15% (Figure 1B) and the WBC count
was 8120 (Figure 2A). In November 2007, the patient had to
discontinue IM because of grade II toxicity (squamous
erythema) and after 20 days commenced dasatinib (DAS) 100
mg/day. After six months, he was still in CHR, and displayed
a partial cytogenetic response (PCyR) with BCR-ABLI/ABLI'™S
transcripts of 1.71% (Figure 1B). In November 2008, the
patient eventually attained a complete cytogenetic response
(CCyR) with a corresponding decrease in his molecular
response (BCR-ABLI1/ABLI’S 1.04%), but after three months
he exhibited a rise in his oncogenic transcripts (BCR-
ABLI/ABLI'™ 1.96%). Soon thereafter he presented with an
increase of his WBCs although a mutation analysis of the
ABLI kinase domain by clonal sequencing (28, 29) failed to
detect any sequence alterations (Figure 2A). As the patient
admitted occasional discontinuations of the drug, in the
absence of a kinase domain mutation he continued his
treatment with DAS. However, after nine months, his WBCs
were 15,000, with 35% of Ph-positive metaphases, while a
quantitative RT-PCR unexplainably detected a BCR-
ABLI/ABLI'S value of 0.19% (Figures 1B and 2A). To
investigate the presence of a possible new fusion transcript,
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Table 1. Patient characteristics at the time of diagnosis.

Complete blood count

Platelets 224,000
WBCs (ul) 76,530x103
Neutrophils 75%
Eosinophils 2.5%
Basophils 1%
Lymphocytes 11%
Monocytes 1%
Metamyelocytes 5%
Myelocytes 10%
Promyelocytes 5%
Myeloblasts 2.5%
Haemoglobin (g/dl) 134

Cytogenetic analysis

Karyotype 46, XY, 100% (9;22)(q34;q11)

Fusion transcripts

BCR-ABLI el3a2 and el2a2 ins/del

Relative risk

Sokal 0.76 (Low)
Hasford 770.54 (Low)
EUTOS 15 (Low)

ELTS 1.61 (Intermediate)

we employed the same total RNA to perform a different
qualitative RT-PCR using previously described (30) forward
(BCR-10: 5’-TATGACTGCAAATGGTACATTCC-3’) and
reverse (ABLI-4: 5’-TCGTAGTTGGGGGACACACC-3’)
primers. The resulting amplicon was smaller than the expected
el3a2 BCR-ABLI transcript and Sanger sequencing identified
the lack of exons 13 and 14 in BCR fused with a partial
deletion of ABLI exon 2 with a 39bp insertion that matched
the genomic region from 29534693 to 29534732 (GRCh38)
located on chromosome 20. This Ins/Del generated a
breakpoint between exons 12 of BCR and 2 of ABLI giving
rise to an e12a2 Ins/Del BCR-ABLI fusion (Figure 2B and C).
The patient was then put on nilotinib (NIL) 800 mg/day and
after 6 months achieved a CHR, CCyR and a major molecular
response (MR?) (BCR-ABLI/ABLI'S 0.06%; Figure 1B).
Molecular follow-up of the el13a2 isoform continued every 3
months with Q-PCR, while the RT-PCR with BCR-10 and
ABLI-4 primers was employed to detect the el2a2 Ins/Del
transcript with failure to amplify this isoform after 6 months
of NIL (data not shown).

Over the next 6 years, the patient maintained his CHR and
CCyR and exhibited molecular responses varying between
an MR3 and a deeper MR, However, in December 2015 he
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Figure 1. Clinical evolution of the patient. A. Multiplex RT-PCR analysis of different BCR-ABLI fusion transcripts. Lane M=Molecular size marker
(100-bp ladder); lane 1=el3a2 (310 bp) from the patient; lane 2=el3a2 (310 bp) positive control; lane 3=el4a2 (385 bp) positive control; lane
4=ela2 (481 bp) positive control; lane 5=negative control. B. Molecular response to different TKIs. Monitoring of the patient’s disease evolution
indicating variations in the el3a2 transcripts (top panel), drug treatments (middle panel) or BCR-ABLI mutant clones (bottom panel). Dotted lines
represent achievement of a major (MR3) or a deep molecular response (MR4; MR4.5). A white square indicates wild-type BCR-ABLI . IM: Imatinib;
DAS: dasatinib; NIL: nilotinib; BOS: bosutinib; PON: ponatinib.
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Figure 2. Identification of the el2a2 Ins/Del fusion transcript. A. The graph depicts white blood cell (WBC) counts from the time of diagnosis (June
2007) to the last follow-up (July 2019) and indicates the time point of the el2a2 Ins/Del breakpoint detection. B. RT-PCR for the el2a2 Ins/Del
rearrangement performed at the time point indicated by an arrow. Molecular size marker (100-bp ladder); lane 1=negative control; lane 2=el2a2
Ins/Del (850 pb) from the patient; lane 3=el3a2 (1079 pb) positive control. RT-PCR was employed using previously reported forward (BCR-10:
5’-TATGACTGCAAATGGTACATTCC-3’) and reverse (ABLI-4: 5’-TCGTAGTTGGGGGACACACC-3’) primers. C. Schematic representation of the
el2a2 ins/Del BCR-ABLI fusion transcript and a representative pherogram obtained after Sanger sequencing showing the BCRel2 and ABLla2
insertion/delection junction. The numbers 2572 and 129 indicate the nucleotide position in BCR and ABLI genes, respectively.
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had to suspend NIL because of a serious cardiovascular
event (myocardial infarction) and - after three months -
started bosutinib (BOS) 400 mg/day. Unfortunately, after
three months he failed to attain any meaningful clinical
benefit from this TKI [20/20 Ph-positive metaphases; BCR-
ABLI/ABLI™S (el3a2) 100%; WBC=6,123; Figures 1B and
2A] and therefore began the third-generation inhibitor PON
at 45 mg/day. After 1 month, he achieved a PCyR and an
MR2 and, considering his cardiovascular comorbidities, we
decreased PON to 15 mg/day. With this dose he achieved a
CCyR and an MR? that are still ongoing, with failure to
detect the e12a2 Ins/Del BCR-ABLI transcript.

Discussion and Conclusion

Most CML patients display the common e13a2 and/or el4a2
BCR-ABL] fusions. However, about 5% of these patients are
diagnosed with an atypical BCR-ABLI transcript that
involves alternative exons, insertions or breakpoints such as
el9a2, e8a2, el3a3, eld4a3, ela3 and e6a2 (11-14). The
breakpoint in these transcripts usually occurs in ABLI exon
2, but occasionally arises in ABLI exon 3. Moreover,
different investigators have previously described the
coexistence of two or more BCR-ABLI mRNAs in the same
patient (20, 21), probably due to alternative splicing or
phenotypic variations.

In the current report, we describe the case of a male patient
diagnosed with CML where we identified an e12a2 Ins/Del,
secondary to the presence of the common el3a2 BCR-ABLI
transcript. However, we did not formally establish if the two
different BCR-ABLI fusions were expressed by the same clone
(via alternative splicing mechanisms) or represented two
distinct cellular types each characterized by a specific
rearrangement. It remains to be seen if co-expression of
multiple BCR-ABLI transcripts in the same or in different
leukemic clones modifies the prognosis of CML patients. For
example, Chiarella and colleagues reported splicing events
inducing deletions or insertions of nucleotides, as well as the
activation of cryptic splicing sites leading to modifications in
the translated protein (31).

The use of conventional multiplex RT-PCR may fail to
detect uncommon BCR-ABLI rearrangements due to
generation of atypical PCR products, which are often
interpreted as non-specific. Therefore, in this study, we
employed primers recognizing more distant exons from the
common BCR-ABLI breakpoint region allowing the
identification of the atypical e12a2 Ins/Del BCR-ABLI fusion
and the molecular monitoring of the patient exhibiting this
atypical transcript.

No clear evidence exists concerning the clinical and
prognostic implications of infrequent BCR-ABLI rearrangements
in Ph-positive leukemias. Moreover, the outcome of TKI therapy
in patients with uncommon BCR-ABLI transcripts has not yet

been defined. As previous reports suggested excellent efficacy
of NIL in patients harboring atypical BCR-ABLI isoforms (30,
32), we wanted to employ this compound for the patient
described in this manuscript. Indeed, we observed a rapid decline
in the overall number of leukemic cells and Ph-positive
metaphases, and the patient achieved a CHR, CCyR and MR3
within 6 months of treatment.

According to the European Leukemia Net recommendations,
23% of CML patients discontinue 2G TKIs due to serious
adverse events (33). In our case, NIL therapy was effective but
the patient had to suspend the drug after developing a
myocardial infarction. The shift to BOS was ineffective and,
although the 3G TKI PON may induce cardiovascular events,
the patient had no choice but to commence this drug that was
promptly lowered to 15 mg/daily once he had shown initial
signs of response. Currently, he continues PON with excellent
clinical and molecular benefit.

In summary, the molecular characterization of atypical
BCR-ABLI rearrangements is of pivotal importance to allow
the correct diagnosis, the appropriate treatment and the
timely monitoring of all CML patients. Hence, in case of a
negative conventional multiplex RT-PCR, a reliable
cytogenetic analysis is critical to identify the Ph chromosome
and subsequently employ different primers to identify CML
patients exhibiting rare transcripts.

We conclude that, in our experience, treatment with NIL
and with low-dose PON may represent a highly effective
therapy for CML patients with uncommon BCR-ABLI
rearrangements like the e12a2 Ins/Del.

Therapeutic Implications

The reported patient received imatinib as first-line treatment
of his chronic phase CML as was suggested in the 2006 ELN
recommendations. However, he had to discontinue the drug
due to his poor molecular response and the development of
cutaneous toxicity. If he had been diagnosed in 2019, based
on his intermediate ELTS score, his relatively young age and
his lack of significant comorbidities, he would have probably
been considered for a second-generation TKI in first line.
When indeed he received such compounds in second line
(dasatinib, followed by nilotinib and then by bosutinib) he
experienced mixed results with TKIs targeting both ABL1
and SRC kinases (DAS and BOS) eliciting poor responses
and an ABL-selective inhibitor (NIL) attaining a significant
clinical benefit with a >6 year drug response. Unfortunately,
the patient eventually developed a serious cardiovascular
adverse event and was therefore switched to a full dose of
ponatinib that promptly re-established disease control.
Hence, after 1 month, PON was reduced to the safer 15
mg/daily dose that he continues to this day with excellent
cytogenetic and molecular control of both his BCR-ABLI
isoforms.
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