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Case Report

Introduction
Three intronic chromosome breakpoint regions in BCR, when 
joined with ABL1, are associated with the development of chron-
ic myeloid leukemia (CML) including: (1) major (M-BCR); mi-
nor (m-BCR); and (3) micro (u-BCR). The M-BCR region con-
sists of BCR introns downstream of exon 13 (e13, previously 
b2) or 14 (e14, previously b3) linked to exon 2 (a2) of ABL1. 
BCR::ABL1 fusions e13a2 (b2a2) and e14a2 (b3a2) result in 
a P210BCR::ABL1 chimeric protein. m-BCR and u-BCR have un-
common breakpoints in the intronic region between BCR exon 
2 and exons 19 and 20 which encode 190-kDaBCR::ABL1 (e1a2) 
and 230-kDaBRC::ABL1 (e19a2), resulting in P190BCR::ABL1 and 
P230BCR::ABL1. Several atypical BCR::ABL1 transcripts (e1a3, 
e13a3, e14a3, e19a3, e6a2 and e8a2) are reported resulting from 
breakpoints outside ABL1 intron 1 or BCR introns 1, 13 or 14 
and may be missed using standard BCR and ABL1 primers in 
polymerase chain reaction (PCR).

We report the case of a young man with clinical and laboratory 
features of CML and a BCR::ABL1 b2a3 transcript. Despite a neg-
ative PCR test for BCR::ABL1 transcripts using conventional BCR 
and ABL1 primers a translocation was detected by fluorescence in 

situ hybridization (FISH) and confirmed using novel PCR primers. 
He responded rapidly to nilotinib.

Case report
In 2015 a routine blood test of an asymptomatic 19-year-old man 
showed leukocytosis and thrombocytosis; exact values are un-
known. He was referred to a hematologist but demurred. In 2017, 
a blood study performed in an emergency department because of 
ethanol intoxication showed a hemoglobin concentration of 155 
g/L, white blood cell (WBC) and platelet concentrations of 17 × 
10E+9/L and 475 × 10E9/L with 72% granulocytes. Again, there 
was no follow-up. Six months later he saw a physician complain-
ing of nausea, weight loss and palpitations. There was no lymph 
node, spleen or liver enlargement on physical exam. The hemo-
globin concentration was 145 g/L, WBC concentration, 15.9 × 
10E+9/L with 67% granulocytes and platelets, 599 × 10E+9/L. A 
computed tomography scan showed no abnormalities. He refused 
a bone marrow examination and no cytogenetic studies were done. 
A multiplex qualitative and quantitative PCR test using e14a2 and 
e13a2 primers for BCR::ABL1 transcripts was negative. FISH 
analyses with BCR and ABL1 probes were consistent with t(9; 22), 
leading to a presumptive diagnosis of CML. He received nilotinib, 
800 mg/d. An RNA sample using an e13a3 qualitative primer con-
firmed CML. After 1 month, his hemoglobin concentration and 
WBC and platelet concentrations were normal. A bone marrow 
exam in late 2018 revealed a 46,XY karyotype in 20 metaphases 
studied. FISH was not repeated. Two years after starting nilotinib, 
he had a hemoglobin concentration of 151 g/L and WBC and plate-
let concentrations of 5.9 × 10E+9/L and 276 × 10E+9/L with 52% 
granulocytes. In early 2019, PCR was done using primers designed 
to detect the b2a3 transcript. A BCR exon 13 region-targeting 
forward primer (5′-CATCCGGGAGCAGCAGAAGAA-3′) and 
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ABL1 exon a3 region-targeting reverse primer (5′-GTGTTTCTC-
CAGACTGTTGGCT) were used. A reverse transcription PCR 
test was negative indicating a > 4.5-log reduction in BCR::ABL1 
transcripts on the International Scale (<MR4.5). The subject is well 
without symptoms or adverse events from nilotinib.

Discussion
BCR::ABL1 transcripts with intronic breakpoints downstream of 
ABL a2 are rare. ABL a2 encodes part of Src homology 3 (SH3) 
domain which inhibits the SH1 kinase domain required for the 
activation of signal transducer and activator of transcription-5 by 
P210BCRABL1. This might result in a milder leukemia phenotype. 
Although the ABL a3 breakpoint does not affect the ATP/imatinib 
binding site sequence it potentially alters the tertiary structure of 
P210BCR::ABL1 and could increase (tyrosine kinase-inhibitor) TKI 
binding. We are testing this hypothesis by computer modeling and 
in vitro experiments.

There is considerable controversy regarding whether the spe-
cific BCR::ABL1 transcript correlates with the prognosis of peo-
ple with CML, especially those receiving TKIs. Several studies 
have reported correlations between BCR::ABL1 transcript type 
and response to TKIs.1–15 We recently reported that the e14a2 
BCR::ABL1 transcript was associated with a higher rate of therapy-
free remission.13 Another study reported that the e14a2 transcript 
correlated with an increased response to imatinib, and conversely, 
the e13a2 transcript was associated with a worse response.14 A 3rd 
study reported higher rates of a 4.5-log reduction in BCR::ABL1 
transcripts, better event-free survival and less risk of transforma-
tion to the acute phase in subjects with an e14a2 than in those 
with an e13a2 transcript, regardless of initial TKI therapy.15 Lower 
response rates to TKIs were reported in subjects with an e13a2 
transcript. A registry of 45,503 newly diagnosed patients from 
45 countries suggested that the transcript type may correlate with 
therapy-response and the likelihood of therapy-free remission.16 
Another study of subjects receiving imatinib found that those with 
atypical BCR::ABL1 transcripts are younger, respond better to TKI 
therapy and have a better prognosis than those with CML with 
typical BCR breakpoints. Structural and laboratory analyses of the 
mechanism of action of TKIs in this setting are underway.

In conclusion, individuals with clinical and laboratory features 
of CML and a BCR::ABL1 b2a3 transcript may not be detected by 
routine PCR testing with conventional BCR and ABL1 primers. 
Cytogenetic FISH or PCR testing with specialized primers should 
be performed for individuals with suspected CML and a negative 
conventional PCR-test for BCR::ABL1.

Acknowledgments
RPG acknowledges support from the National Institute of Health 
Research (NIHR) Biomedical Research Centre funding scheme.

Funding
None.

Conflict of interest
RPG is a consultant to Antengene Biotech LLC, Ascentage Pharma 
Group and NexImmune, Inc.; Medical Director, FFF Enterprises, 
Inc.; A speaker for Janssen Pharma and Hengrui Pharma; Board of 

Directors: Russian Foundation for Cancer Research Support; and 
Scientific Advisory Boards, Nanexa AB and StemRad Ltd. The 
other authors have no conflict of interest to declare.

Author contributions
RD and DGT conceived the typescript. DdOT, IB and LN did the 
laboratory studies. RPG revised the typescript. The authors ap-
proved the content, accepted responsibility for the content and 
agreed to submit the typescript for publication.

Ethical statement
The study was approved by the Ethics Committees of the respec-
tive institutions consistent with precepts of the Declaration of 
Helsinki (2013). The subjects gave written informed consent to 
publish the article.

Data sharing statement
All data are in the typescript.

References
[1]	 Baccarani M, Rosti G, Soverini S. Chronic myeloid leukemia: the 

concepts of resistance and persistence and the relationship with 
the BCR-ABL1 transcript type. Leukemia 2019;33(10):2358–2364. 
doi:10.1038/s41375-019-0562-1, PMID:31455852.

[2]	 D’Adda M, Farina M, Schieppati F, Borlenghi E, Bottelli C, Cerqui E, et 
al. The e13a2 BCR-ABL transcript negatively affects sustained deep 
molecular response and the achievement of treatment-free remis-
sion in patients with chronic myeloid leukemia who receive tyros-
ine kinase inhibitors. Cancer 2019;125(10):1674–1682. doi:10.1002/
cncr.31977, PMID:30707758.

[3]	 Qin YZ, Jiang Q, Jiang H, Lai YY, Shi HX, Chen WM, et al. Prevalence and 
outcomes of uncommon BCR-ABL1 fusion transcripts in patients with 
chronic myeloid leukaemia: data from a single centre. Br J Haematol 
2018;182(5):693–700. doi:10.1111/bjh.15453, PMID:29974949.

[4]	 Ercaliskan A, Eskazan AE. The impact of BCR-ABL1 transcript type 
on tyrosine kinase inhibitor responses and outcomes in patients 
with chronic myeloid leukemia. Cancer 2018;124(19):3806–3818. 
doi:10.1002/cncr.31408, PMID:29694669.

[5]	 Pfirrmann M, Evtimova D, Saussele S, Castagnetti F, Cervantes F, Jans-
sen J, et al. No influence of BCR-ABL1 transcript types e13a2 and e14a2 
on long-term survival: results in 1494 patients with chronic myeloid leu-
kemia treated with imatinib. J Cancer Res Clin Oncol 2017;143(5):843–
850. doi:10.1007/s00432-016-2321-2, PMID:28083711.

[6]	 Upadhyay V, Raval A, Shah K, Shah FD, Rawal R. A Prognostic and 
Predictive Study of BCR-ABL Expression Based on Characteriza-
tion of Fusion Transcripts. Indian J Clin Biochem 2020;35(1):88–94. 
doi:10.1007/s12291-018-0779-1, PMID:32071500.

[7]	 Greenfield G, McMullan R, Robson N, McGimpsey J, Catherwood 
M, McMullin MF. Response to Imatinib therapy is inferior for e13a2 
BCR-ABL1 transcript type in comparison to e14a2 transcript type in 
chronic myeloid leukaemia. BMC Hematol 2019;19:7. doi:10.1186/
s12878-019-0139-2, PMID:31073408.

[8]	 Sazawal S, Chhikara S, Singh K, Chaubey R, Mahapatra M, Seth T, 
et al. Distribution of common BCR-ABL fusion transcripts and their 
impact on treatment response in Imatinib treated CML patients: 
A study from India. Indian J Pathol Microbiol 2019;62(2):256–260. 
doi:10.4103/IJPM.IJPM_726_17, PMID:30971550.

[9]	 Breccia M, Molica M, Colafigli G, Massaro F, Quattrocchi L, Latagliata 
R, et al. Prognostic factors associated with a stable MR4.5 achieve-
ment in chronic myeloid leukemia patients treated with imatinib. 
Oncotarget 2018;9(7):7534–7540. doi:10.18632/oncotarget.23691, 
PMID:29484130.

https://doi.org/10.14218/OnA.2023.00040
https://doi.org/10.1038/s41375-019-0562-1
http://www.ncbi.nlm.nih.gov/pubmed/31455852
https://doi.org/10.1002/cncr.31977
https://doi.org/10.1002/cncr.31977
http://www.ncbi.nlm.nih.gov/pubmed/30707758
https://doi.org/10.1111/bjh.15453
http://www.ncbi.nlm.nih.gov/pubmed/29974949
https://doi.org/10.1002/cncr.31408
http://www.ncbi.nlm.nih.gov/pubmed/29694669
https://doi.org/10.1007/s00432-016-2321-2
http://www.ncbi.nlm.nih.gov/pubmed/28083711
https://doi.org/10.1007/s12291-018-0779-1
http://www.ncbi.nlm.nih.gov/pubmed/32071500
https://doi.org/10.1186/s12878-019-0139-2
https://doi.org/10.1186/s12878-019-0139-2
http://www.ncbi.nlm.nih.gov/pubmed/31073408
https://doi.org/10.4103/IJPM.IJPM_726_17
http://www.ncbi.nlm.nih.gov/pubmed/30971550
https://doi.org/10.18632/oncotarget.23691
http://www.ncbi.nlm.nih.gov/pubmed/29484130


DOI: 10.14218/OnA.2023.00040  |  Volume 2 Issue 1, March 202454

Dalfeor R. et al: Rare BCR::ABL1 fusion gene in CMLOncol Adv

[10]	 Castagnetti F, Gugliotta G, Breccia M, Iurlo A, Levato L, Albano F, 
et al, GIMEMA CML Working Party. The BCR-ABL1 transcript type 
influences response and outcome in Philadelphia chromosome-
positive chronic myeloid leukemia patients treated frontline with 
imatinib. Am J Hematol 2017;92(8):797–805. doi:10.1002/ajh.24774, 
PMID:28466557.

[11]	 Rostami G, Hamid M, Jalaeikhoo H. Impact of the BCR-ABL1 fusion tran-
scripts on different responses to Imatinib and disease recurrence in 
Iranian patients with Chronic Myeloid Leukemia. Gene 2017;627:202–
206. doi:10.1016/j.gene.2017.06.018, PMID:28627443.

[12]	 Jain P, Kantarjian H, Patel KP, Gonzalez GN, Luthra R, Kanagal Sha-
manna R, et al. Impact of BCR-ABL transcript type on outcome in pa-
tients with chronic-phase CML treated with tyrosine kinase inhibitors. 
Blood 2016;127(10):1269–1275. doi:10.1182/blood-2015-10-674242, 
PMID:26729897.

[13]	 Claudiani S, Apperley JF, Gale RP, Clark R, Szydlo R, Deplano S, et 
al. E14a2 BCR-ABL1 transcript is associated with a higher rate of 
treatment-free remission in individuals with chronic myeloid leu-

kemia after stopping tyrosine kinase inhibitor therapy. Haemato-
logica 2017;102(8):e297–e299. doi:10.3324/haematol.2017.168740, 
PMID:28495914.

[14]	 Lucas CM, Harris RJ, Giannoudis A, Davies A, Knight K, Watmough 
SJ, et al. Chronic myeloid leukemia patients with the e13a2 BCR-ABL 
fusion transcript have inferior responses to imatinib compared to pa-
tients with the e14a2 transcript. Haematologica 2009;94(10):1362–
1367. doi:10.3324/haematol.2009.009134, PMID:19713230.

[15]	 Hanfstein B, Lauseker M, Hehlmann R, Saussele S, Erben P, Dietz C, et 
al, SAKK and the German CML Study Group. Distinct characteristics of 
e13a2 versus e14a2 BCR-ABL1 driven chronic myeloid leukemia un-
der first-line therapy with imatinib. Haematologica 2014;99(9):1441–
1447. doi:10.3324/haematol.2013.096537, PMID:24837466.

[16]	 Baccarani M, Castagnetti F, Gugliotta G, Rosti G, Soverini S, Albeer A, 
et al, International BCR-ABL Study Group. The proportion of differ-
ent BCR-ABL1 transcript types in chronic myeloid leukemia. An inter-
national overview. Leukemia 2019;33(5):1173–1183. doi:10.1038/
s41375-018-0341-4, PMID:30675008.

https://doi.org/10.14218/OnA.2023.00040
https://doi.org/10.1002/ajh.24774
http://www.ncbi.nlm.nih.gov/pubmed/28466557
https://doi.org/10.1016/j.gene.2017.06.018
http://www.ncbi.nlm.nih.gov/pubmed/28627443
https://doi.org/10.1182/blood-2015-10-674242
http://www.ncbi.nlm.nih.gov/pubmed/26729897
https://doi.org/10.3324/haematol.2017.168740
http://www.ncbi.nlm.nih.gov/pubmed/28495914
https://doi.org/10.3324/haematol.2009.009134
http://www.ncbi.nlm.nih.gov/pubmed/19713230
https://doi.org/10.3324/haematol.2013.096537
http://www.ncbi.nlm.nih.gov/pubmed/24837466
https://doi.org/10.1038/s41375-018-0341-4
https://doi.org/10.1038/s41375-018-0341-4
http://www.ncbi.nlm.nih.gov/pubmed/30675008

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Case report﻿

	﻿﻿﻿Discussion﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿Ethical statement﻿

	﻿﻿﻿Data sharing statement﻿

	﻿﻿﻿References﻿


