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Abstract
Background ‒ Depending on breakpoints of rearrange-
ment different types of BCR–ABL fusion protein can be
generated in patients of chronic myeloid leukemia (CML).
The aim of this study is to observe frequencies of major
transcripts in CML patients by reverse transcriptase poly-
merase chain reaction (RT-PCR) and their hematological
features at the time of presentation.
Materials and methods ‒ This cross sectional study
was performed at Molecular Lab of Riphah International
University, Islamabad from January to June 2019. Consecutive
peripheral blood samples of 70 newly diagnosed CML
patients in chronic phase were analyzed by RT-PCR to detect
different BCR–ABL transcripts. Routine blood cell counts
were assessed by an automated hematology analyzer.
Results ‒ All samples expressed typical BCR–ABL rear-
rangement. Expression of either e14a2 or e13a2 transcript
was detected in 38 (54%) and 30 (43%) patients, respec-
tively. Coexpression of e13a2 + e14a2 was found in 2 (3%)
patients. The mean total leukocyte count was higher in
group expressing e13a2 (P = 0.01). Higher mean platelet
count was noted in patients with e14a2 transcript, but
this difference was statistically insignificant (P = 0.1).
The association of male gender was observed with the
group exhibiting e14a2 (P = 0.01). There was no statisti-
cally significant association between transcript type and
different ranges of age, hemoglobin levels, and platelet
and total leukocyte counts (P > 0.05).
Conclusion ‒ e14a2 transcript was most common tran-
script in CML patients. Patients exhibiting e13a2 subgroup
presented with significantly higher mean white blood cell
count at the time of presentation. Significantly higher

proportion of male patients was found to express e14a2
transcript over e13a2.
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transcript, major breakpoint cluster region, reverse tran-
scriptase PCR

1 Introduction

CML is associated with a cytogenetic abnormality known
as Philadelphia (Ph) chromosome. This is one of the defi-
nitive diagnostic markers for CML [1]. Ph chromosome
arises from a reciprocal translocation t (9; 22) between
chromosome 9 and 22 [2,3]. The Philadelphia chromo-
some is present in approximately 95% of patients with
CML [4]. However, few CML patients do not demonstrate
Ph chromosome or might have normal karyotype, but even
in one third of these patients, there is occult BCR–ABL
fusion gene (Ph chromosome negative and BCR–ABL posi-
tive) [5]. Molecular analysis confirms presence of BCR–ABL
in these patients [6].

Break point in BCR gene occurs in three main regions:
Major (M-BCR), minor (m-BCR), and micro (µ-BCR) break-
point cluster regions [3]. Large majority of CML patients
have breakpoints in M-BCR region on chromosome 22 [7].
This area consists of BCR exons 12–16 (previously referred
to as exons b1–b5, respectively) [8] (Figure 1). The classic
transcript found in majority of CML patients is b2a2
or b3a2, formed by fusing exon 13 (b2) or exon 14 (b3)
of BCR to exon 2 (a2) of ABL gene, respectively. Both of
them code for a 210 kDa (p210) novel protein [9]. More
than 95% of BCR–ABL transcripts are either e13a2 or
e14a2 in CML. “Atypical” transcripts with a breakpoint
in ABL intron 1 and BCR intron 6 (e6a2) and breakpoint
in ABL intron 2 and BCR intron 1 (e1a3), BCR intron 13
(e13a3), and BCR intron 14 (e14a3) have been sometimes
reported [10]. Variable frequencies of these fusion tran-
scripts in CML patients are observed around the world
[11].

Clinical and hematological profile of CML patients
with different fusion transcripts revealed some noticeable
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features [12]. The knowledge of differences in breakpoints
might have some clinical importance, and disease pheno-
type of patients may vary with them. M-BCR usually
presents with classical CML phenotype [11]. While an
interesting finding associated with b3a2 fusion transcript
is the higher platelet counts [13].

Reverse transcriptase PCR (RT-PCR) is one of the most
sensitive techniques used for detection of BCR–ABL tran-
scripts associated with CML [9]. Most of the current RT-
PCR methods are designed and optimized for detecting the
transcript of M-BCR and m-BCR breakpoints. Very large
PCR products or atypical transcripts may get away with
detection using these routine primers. The application of
RT-PCR techniques can be improved by several methods
including the development of multiplex RT-PCR to detect
the BCR–ABL variants in patients with CML [14].

In this study, RT-PCR was used for the detection of all
major BCR–ABL transcripts in CML patients, and the fre-
quency of BCR–ABL transcripts was observed along with
their presenting hematological features.

2 Material and methods

This cross-sectional study was carried out from January
2019 to June 2019. Patients were recruited from tertiary care
hospital of Rawalpindi. Molecular analysis was carried out
in the laboratory settings of Riphah International University.
Informed consent was taken from each patient. The study
was approved by the ethical review committee of theUniversity.

Total of 70 consecutive newly diagnosed patients of CML
inchronicphase irrespectiveofageandgenderwere included
in this study. Diagnosis of CML was made based on clinical
presentation and morphologic criteria of bone marrow aspi-
rate. Patients who had started any kind of treatment pre-
viouslywith anydose or for any length of timewere excluded
from this study.

Peripheral blood samples in ethylene diamine tetra acetic
acid (EDTA) tubes were collected and rapidly transported at
2–8°C to the laboratory to minimize mRNA degradation.
Routine, blood cell counts were performed on automated
hematology analyzer.

Figure 1: (a) Schematic diagram of the normal structure of chromosome 9 and 22 and translocation between chromosome 9 and 22,
resulting in Philadelphia chromosome. (b) Schematic representation of the molecular structure of BCR and ABL genes. Red arrows indicate
breakpoints in both genes. Green arrows show the placement of forward and reverse primer on the exons of BCR and ABL for detection of
different transcripts by RT-PCR. (c) Schematic diagram of the structure of chimeric mRNA transcribed from different breakpoints of BCR–ABL
fusion gene.
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2.1 RNA extraction and cDNA synthesis

Extraction of total RNA was carried from whole blood by
TRIzol® reagent (TRI Reagent L.S). The extracted RNA
was reverse-transcribed to cDNA by using gene-specific
primer (ABL-2). cDNA was used as a template for quali-
tative detection of type of BCR–ABL transcript by one-
step RT-PCR.

2.2 RT-PCR conditions

Primer sequences to be used for qualitative RT-PCR are
given below. Primers were obtained from Integrated DNA
Technologies (IDT) in the lyophilized form and stored
at −20°C.

Forward primer: BCR E-12 AGA ACA TCC GGG AGC
AGC AGA AGA A; Reverse primer: ABL-2 TCC AAC GAG
CGG ATT CAC T.

DNA amplification was done in 30 μL reaction mix-
ture, which included 15 μL PCR Mix (Invitrogen PCR
Super Mix includes PCR buffer (22 mM Tris HCL, pH
8.4), 1.65 mM MgCL2, 220 µM dNTPs, and 22 U recombi-
nant TaqDNA polymerase/mL), 1 μL of 10 pM Primer
Mix (forward and reverse primers), 0.25 μL enzyme RT
(SuperScript™ III Reverse Transcriptase 200 U/μL Invitrogen,
USA), 5 μL template RNA, and 9 μL nuclease-free water.
The synthesis of complementary DNA and amplification
of the target were done by using the recommended thermal
cycling conditions outlined below:







°

°

°

°

Reverse transcription at 50 C for 40 min for one cycle
Denaturation at 94 C for 15 s

Annealing at 63 C for 30 s
Extension at 72 C for 45 s

30 cycles

Amplified products were electrophoresed on a 6%
polyacrylamide gel electrophoresis. The gels were stained
with 0.1% silver nitrate. The bands were detected at 310
and 385 bp for e13a2 and e14a2, respectively. Molecular
variants of e1a2 and e19a2 products were expected to form
bands at 481 and at 244 bp, respectively.

To determine the sensitivity of the PCR method, an
assay was carried out by generating a 10-fold (1/1, 1/10,
1/100, and 1/1,000) of a RT-PCR positive BCR–ABL RNA in
nuclease-free water. These serial dilutions and one nega-
tive sample were run under identical RT-PCR conditions

(as described earlier) in five separate reaction tubes for
cDNA synthesis and PCR amplifications.

2.3 PCR strategy

Initial PCR was performed with E12 forward and ABL 2
reverse primers to detect p210 kDa variants (Figure 1).
Since atypical transcripts are rare, a second confirmatory
PCR was to be performed in typical variant BCR–ABL-
negative patient. Atypical transcripts could be easily
suspected from their different product sizes on gel elec-
trophoresis after preliminary PCR results. Second PCR
was planned to be performed using the forward primers
(E1, E6, E19, etc.) with common reverse ABL3 primers
separately for the suspected breakpoint region. To further
validate the finding, atypical transcript could be con-
firmed by DNA sequencing.

All statistical calculations were done using SPSS 22
software. Quantitative data were expressed as mean ± S.D.
The variables included numerical data such as age, Hb con-
centration, WBC count, and platelet count. Independent
t test was applied to compare the means of two different
transcripts. Frequency and percentages were calculated for
the qualitative data such as gender and type of transcript.
Variables such as age, hemoglobin, WBC counts, and pla-
telet counts were also presented as ranges, and their fre-
quencies were calculated. Chi square test was performed to
see the association of categorical variables with different
transcripts. P value of <0.05 was considered as significant.

Ethics approval and consent to participate: The study
was approved by the ethical review committee of Institutional
review committee Islamic International Medical College
(Ref No. Appl. # Riphah/ERC/15/0119).

Patient consent for publication: Consent was obtained
from all the patients for the use of their medical data
for research purposes.

3 Results

Molecular analysis was performed with conventional RT-
PCR on total of 70 patients (64% males and 36% females)
for the type of CML transcript. Demographic details of
these patients are presented in Table 1.
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3.1 Qualitative analysis of BCR–ABL
transcripts

RT-PCR was carried out with the aim that it should be
able to primarily detect the most prevalent transcripts
e13a2 and e14a2. An internal control (ABL gene) reaction
was also included to correctly interpret negative results.

Initial PCR for the M-BCR transcripts was performed
with BCR forward primer located on exon 12 (e12).
The common reverse ABL primer was located in ABL
exon 2 (Figure 1). This primer combination in RT-PCR can
simultaneously detect both common types of BCR–ABL
breakpoint (e14a2 and e13a2) on the M-BCR region in single
reaction.

All studied patients 70/70 (100%) were found posi-
tive for typical BCR–ABL (p210 kDa). Either e13a2 or e14a2
transcript was detected in all the samples. The detected
bands were as follows: 385 bp for e14a2 and 310 bp for
e13a2. No atypical transcript was observed in any of the
sample analyzed. Neither product of unexpected size was
detected on gel electrophoresis after conventional RT-
PCR. Common forward primer e12 was only used in this
study to reveal the type of transcripts. Figure 2 represents
the results of RT-PCR for some of the patients.

Running the tenfold dilution on electrophoresis gel
after RT-PCR revealed that the detection limit of this
assay was up to 10−4 for each sample.

3.2 Frequency of different transcripts along
with their presenting features in CML
patients

Among 70 CML patients analyzed, e14a2 transcript was
most commonly detected. Total of 38 (54%) cases had
solitary expression of e14a2, and 30 (43%) of the remaining
cases were positive for e13a2 transcripts exclusively. Co-

expression of both types of transcripts (e13a2 + e14a2) was
observed in only two (3%) patients and were excluded from
further analysis (Figure 3).

The comparative analysis of quantitative data (expressed
asmeans ± S.D) of the two groups with expression of either
e13a2 or e14a2 transcript is presented in Table 2. Patients
with e14a2 transcripts showed lower mean age, but the
difference was not statistically significant (P = 0.4). The
mean total white blood cell count was significantly higher
in the group of patients expressing e13a2 than those with
e14a2 transcript (P = 0.01). Higher mean platelet count was
observed in patients with e14a2 transcript, but this differ-
ence was not statistically significant (P = 0.1). No significant

Table 1: Clinical and laboratory details of CML patients in study

Number of patients (n) 70
Mean age (years) 41.10 ± 14.14
Range of age (years) 15–70
Male/female (n) 45/25
Male-to-female ratio 1.8
Mean leukocytes count (×109/L) 145.12 ± 89.03
Mean hemoglobin levels (g/dL) 10.65 ± 2.42
Mean platelets count (×109/L) 441.77 ± 403.18

CML: chronic myeloid leukemia.
Clinical and laboratory data of patients in chronic phase at the time
of presentation. Data are presented as mean ± standard deviation. Figure 2: Silver stained polyacrylamide gel electrophoresis showing

different transcripts of BCR–ABL after RT-PCR with e12a2 primer. All
lanes are positive for BCR–ABL mutation typical p210 kDa (e13a2
and/or e14a2) transcripts. Lane 1 shows ladder (molecular weight
marker) of various size fragments. bp (base pair). Lanes 2 and 3 are
from chronic phase CML patients expressing 310 bp fragment of
e13a2 BCR–ABL. Lane 4 is from a chronic phase CML patient co
expressing both e13a2 and e14a2 BCR–ABL. Lane 5 is from a chronic
phase CML patient expressing 385 bp fragment of e14a2 BCR–ABL.

Figure 3: Frequency of different types of BCR–ABL transcripts among
70 CML patients in chronic phase analyzed in the study. Total of 38
(54%) patients had solitary expression of e14a2 transcript.
Expression of e13a2 exclusively was found in 30 (43%) patients.
Co-expression of both types of transcripts (e13a2 + e14a2) was
observed in only two (3%) patients. The types of transcripts
detected in all patients are color coded as shown in box.
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difference in mean hemoglobin concentration between the
two groups was found (P > 0.05; Table 2).

Figure 4 represents the frequency of all study patients
with typical p210 kDa (e13a2 or e14a2) transcripts in dif-
ferent ranges of hemoglobin concentration, leukocyte
count, and platelet count. The highest frequency of 38
(56%) patients at the time of diagnosis had hemoglobin
concentration in the range of 7–11 g/dL. The majority of
patients of typical transcript (43 (63%) patients) pre-
sented with TLC ranging from more than 100 × 109/L.
The analysis of patients with typical transcript with dif-
ferent ranges of platelet count revealed that 39 (58%)
patients had normal platelet count at the time of diag-
nosis followed by thrombocytosis in 22 (32%) patients
(Figure 4).

Variables such as age, hemoglobin levels, and pla-
telet and total leukocyte counts were further divided into
ranges to see the distribution of patients with either e13a2
or e14a2 transcript. The comparison of categorical data in

two transcripts group is summarized in Table 3. A signif-
icantly higher frequency of males 29 (76%) was observed
in patients exhibiting e14a2 transcript compared to females
(P = 0.01). Distribution of the transcript within two age
groups showed no significant difference (P = 0.51). Simi-
larly, no statistically significant difference in frequency of
patients was observed in different ranges of hemoglobin

Table 2: Characteristics of the CML patients with e13a2 and e14a2
transcripts

Variables e13a2 e14a2 P value

Mean age (years) 42.90 ± 13.82 40.13 ± 14.93 0.4
Mean leukocytes
count (×109/L)

173.75 ± 97.17 120.77 ± 77.67 0.01*

Mean hemoglobin
levels (g/dL)

10.84 ± 2.62 10.50 ± 2.34 0.5

Mean platelets
count (×109/L)

352.33 ± 229.8 512.13 ± 495.78 0.1

CML: chronic myeloid leukemia.
Data on 68 CML patients in chronic phase at the time of presenta-
tion expressing either of the two transcripts. Co expression of tran-
scripts was detected in only two patients (data not summarized).
Data are presented as mean ± standard deviation. P < 0.05 was
considered as significant.
*Statistically significant.

Figure 4: Frequency of CML patients with either e13a2 or e14a2 transcript in different hemoglobin levels, TLC (total leukocyte count), and PLT
(platelets) count. Data on 68 patients in choric phase at the time of presentation were summarized.

Table 3: Distribution of patients exhibiting e13a2 and e14a2 tran-
scripts according to gender and different ranges of age, hemo-
globin levels, and total leukocyte and platelets counts

Hematological
variables

Transcript type Total P
value

e13a2
(n = 30)

e14a2
(n = 38)

Age (years) 0.51
<45 15 (50%) 22 (58%) 37 (54%)
45 and above 15 (50%) 16 (42%) 31 (46%)
Gender 0.01*
Male 14 (47%) 29 (76%) 43 (63%)
Female 16 (53%) 09 (24%) 25 (37%)
Hemoglobin levels (g/dL) 0.61
<7 g/dL 1 (3%) 3 (8%) 4 (6%)
7–11 g/dL 16 (53.3%) 22 (58%) 38 (56%)
>11 g/dL 13 (43.3%) 13 (34%) 26 (38%)
Total leukocyte count 109/L 0.15
<50 2 (7%) 9 (24%) 11 (16%)
50–100 6 (20%) 8 (21%) 14 (21%)
>100 22 (73%) 21 (55%) 43 (63%)
Platelet count ×109/L 0.09
<150 5 (16%) 2 (5%) 7 (10%)
150–450 19 (64%) 20 (53%) 39 (58%)
>450 6 (20%) 16 (42%) 22 (32%)

Chi square test was performed to see the association of categorical
variables with different transcripts. P < 0.05 is taken as significant.
Data are summarized from 68 patient with either e13a2 or e14a2
transcript.
*Statistically significant.
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levels and platelet and total leukocyte counts with spe-
cific transcript type (P > 0.05).

Figure 5 exhibits the relation of e13a2 and e14a2 tran-
scripts within different subsets of hematological parameters
and gender. Association of male gender with e14a2 and
female gender with e13a2 can be appreciated (P = 0.01).
Larger proportion of e14a2 transcript was demonstrated
in subgroups of (i) platelets count of >450 × 109/L and (ii)
leukocyte count of <50 × 109/L, but statistically signifi-
cant association between these subgroups and transcript
could not be established (P > 0.05).

4 Discussion

The aim of this study is to detect and analyze the demo-
graphic and hematological characteristics according to
the variants of BCR–ABL transcript in CML patients in
our local population.

The technique used for detection of various tran-
scripts consists of performing RT-PCR by choosing a
primer specific for exon b1 (e12) on the BCR gene and

reverse primer on ABL exon 2. The present approach
has the benefit of simplifying and shortening the proce-
dure of RT‑PCR for detection of these transcripts in single
reaction. The need of independent sequence-specific pri-
mers were eliminated, which increases the complexity,
workload, and cost of PCR.

The mean age of CML patients at diagnosis in this
study group was found to be 41.10 ± 14.14 years (range,
15–70 years). This is much younger when compared with
data from the western literature, showing older mean age
(66, 52, and 59 years) at diagnosis in CML patients
[15–17]. However, this finding is consistent with other
Asian studies reported earlier [18–20]. Young age at diag-
nosis in CML patients is usually associated with low- and
middle-income countries, and some possible environ-
mental factors and under reporting of geriatric popula-
tion in these countries could be the possible explanation
for this [21].

This study revealed higher prevalence of males (63%)
compare to females (37%) in CML patients. The male-to-
female ratio was observed to be 1.8:1. This is almost
similar to already reported figures from local [20,22] as
well as studies from around the world [16,17,23]. Male

Figure 5: Transcript stratified frequency of CML patients within different subsets of hematological parameter and gender. Bar chart
demonstrates association of these variables with e13a2 and e14a2 transcripts. The types of transcripts are color coded as shown in box.
P value of <0.05 is taken as significant.

BCR–ABL gene variants in chronic myeloid leukemia  909



predominance could be possibly because of the fact that
hematological neoplasms are usually more common in
males compared to females owing to genetic and hor-
monal differences [21].

This study demonstrated that the predominant tran-
script was e14a2 (b3a2) in CML patients. Comparable fre-
quencies of e13a2, e14a2, and their co-expression were
documented in some studies, but divergence from these
results was also observed. The frequencies of common
transcripts in CML patients in different populations have
been summarized in Table 4.

A study conducted in India and Bulgaria calculated
the ratio of the two major transcripts of M-BCR region
e14a2:e13a2 to be 1.3:1, which is almost in agreement to
the ratio observed in the present study [13,24]. However,
studies from our local population represent compara-
tively higher ratio of the two transcripts than reported
here [9,25]. Two times higher (ratio 2:1) of e14a2 than
e13a2 were also reported in CML patients in Brazil,
Malaysia, and Korea [26–28], while studies from Iran
and India demonstrated the frequency of e14a2 tran-
scripts to be almost three times higher than that of
e13a2 [29,30]. Few studies have also documented higher
frequency of e13a2 compared to more common e14a2
transcript in CML patients [31–33]. The variation in fre-
quencies of common transcript among different popula-
tion and regions of the world can be explained based on
the dissimilarities of natural genetic factors, environ-
mental factors, and living style in different ethnic groups
[34].

This study demonstrated co expression of e13a2/e14a2
in only two patients (3%) of 70 patients analyzed. Varying
results from all over the world have been reported
regarding the co-expression of both transcripts e13a2
and e14a2 in patients with CML. Incidence of this co
expression has been reported to be as high as 16% in a
study from Brazil [34]. However, in our local population,
the frequency of co-expression was reported to be very
low, which is in agreement to the result of the present
study [25,33].

The highest percentage (63%) of CML patient at the
time of presentation in the present study had the total
leukocyte count of >100 × 109/L, which means greater
tumor burden at the time of diagnosis. The majority
(58%) of the study patients also had platelet count within
normal range. Both these findings are in accordance to
the previous studies [22,23].

Clinical features of the patients with two groups
of typical transcript were not found to be starkly different
in this study. When comparing the difference in means
of numerical variable, it was found that patients with
e14a2 transcript were younger than patients with e13a2
transcript although this difference was not statistically
significant. A recent study from our local population
[25] and report originating from the Syrian population
endorsed this observation [35]. The only hematological
variable significantly different in our study was higher
mean WBC counts in the group of patients expressing
e13a2 than in those with e14a2 transcript. Higher mean
WBC count in patients carrying e13a2 transcript was also
recognized in previous studies [26,36]. Many studies
proved statistically significant association between e14a2
transcripts and higher mean platelets count in CML
patients at the time of diagnosis [13,26,36,37]. Higher
platelets count in patients with e14a2 transcript was
also observed in this study, but the difference was not
found to be statistically significant. Few other studies
reported no differences in hematological parameters in
both transcripts of BCR–ABL fusion gene [25, 34, 35].

While observing possible relationship between the
BCR–ABL variants and clinical parameters in CML patient,
significant association of male gender was observed in
e14a2 transcript in this study. This finding is in accor-
dance to the studies conducted in Iran, India, and Iraq
[29,30,36]. However, other studies do not support this
observation and report no significant association in
male and female proportion in both types of fusion
gene [13,28,35].

The association of fusion transcripts was also com-
pared by dividing hemoglobin levels, TLC, and platelet
count in different ranges. Although e14a2 did show a

Table 4: Prevalence of BCR–ABL transcripts in different studies from
various countries

Countries e14a2(b3a2) e13a2(b3a2) e14a2 +
e13a2

Others

Present study 54% 43% 3% —
Bulgaria [13] 54% 45% 0% —
India [24] 56.25% 41.25% 0% 2.5%
Pakistan [25] 66.7% 20.8% 0% 12.5%*
Brazil [26] 64% 34% 2% —
Malaysia [27] 69% 31% 0% —
Korea [28] 68% 32% 0% —
Iran [29] 63% 20% 3% 14%
India [30] 68% 24% 0% —
Argentina [31] 37.5% 41.7% 8.3% 12.5%
Syria [32] 14.3% 57% — 28.7%
Pakistan [33] 26% 56% — 18%
Brazil [34] 48% 36% 16% —

Others include e1a2, e19a2, b3a3/b2a2, b3a3/b2a3, b3a3,
and e1a3.
*No transcript detected.
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higher association with high platelet count compared to
e13a2, but it was not found to be statistically significant
(P = 0.09). Similarly by stratifying the patients on the
basis of white blood cell (WBC) count and hemoglobin
levels, no significant association could be established in
both transcript groups. Data published previously in dif-
ferent studies regarding association between hemato-
logical variables at diagnosis and transcripts type remain
controversial [38,39].

It is also believed that the type of transcript alone is
not responsible for differences between the clinical and
hematological parameters, and there must be some other
factors that modify these parameters [34]. European Leu-
kemia Net recommendations do not give any caution to
patients with different transcripts and suggest that these
variant translocations do not affect the prognosis of CML
patients [16].

5 Conclusion

In this study group, 100% (70) of the CML patients were
found to have typical BCR–ABL transcripts with prepon-
derance of e14a2 subtype. The group of patients with
e13a2 transcript presented with significantly higher mean
leukocyte count compared to e14a2 group. There was
gender skewed distribution with male prevalence in
e14a2 and female predominance in e13a2 transcript.
Difference in leukocyte counts at diagnosis and gender
association in two groups might suggest a discrete patho-
biology and phenotype of disease. Identification of
transcript type is not only beneficial to monitor disease
carefully in patients but can also help to select additional
treatment regimen with specific transcript. Further stu-
dies with large sample size are needed to determine pos-
sible contribution of BCR–ABL transcripts types and the
presentation of disease, which might help in prognosis
and disease management.
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